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Psychotic disorders as a complication
of interferon-a treatment of hepatitis C
Wiktor Dróżdż, Alina Borkowska, Janusz Rybakowski
Summary
Low-dose long-term interferon-a is a standard therapy for hepatitis C and is often associated with neuropsychiatric side effects, most frequently depression, mild cognitive impairment and fatigue which disappear with cessation of such treatment. Psychotic disorders are a rare complication of the treatment and usually resolve with its termination. In this paper, a review of the literature on interferon-a-induced psychotic
disorders in hepatitis C patients has been performed. Epidemiology, predisposing factors, clinical picture,
treatment and mechanisms of this serious neuropsychiatric complication have been discussed. Also, an own
case of chronic schizophreniform psychosis and dementia following such treatment is described.
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Hepatitis C virus (HCV) changes brain metabolism and replicates in brain tissue [1, 2]. The
treatment of choice for chronic hepatitis C (CHC)
is six or twelve month therapy with interferona (IFN-a) plus ribavirin which is effective in
a substantial proportion of patients (40–88%) [3,
4]. IFN-a significantly modulates function of cytokine system and enhances antiviral immunological response [5]. Ribavirin does not induce
neuropsychiatric side effects directly though it
may disturb thyroid function and in this way
influence brain function [6]. Low-dose IFN-a
therapy is often associated with neuropsychiatric side effects, most frequently depression, mild
cognitive impairment and fatigue which disappear with cessation of interferon-a in almost all
patients [7, 8]. Psychotic disturbances as the ad-
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verse neuropsychiatric side effects of interferona therapy have been observed infrequently [9,
10, 11]. In this paper, we attempted to review the
cases of interferon-a –induced psychotic disorders, their epidemiology, predisposing factors,
clinical picture, treatment and to discuss their
possible pathophysiological mechanisms.
The analysis of serious adverse events in
a group of 11 241 CHC patients treated with IFNa revealed that psychotic episodes were identified in 10 patients (aged 25–62, males to females
ratio 7/3) with no previous apparent psychiatric
symptoms or substance abuse [12]. In another
study, psychotic episodes occurred for the first
time in 4 out of 943 CHC patients [13]. Therefore
the combined ratio of psychotic episodes elicited
with IFN-a therapy is 0.001 %.
In some cases psychosis occurred during first
months of IFN-a therapy, usually in persons with
psychotic episode(s) in the past [14, 15, 16]. However, there are observations on IFN-a-induced
psychotic episodes that appeared for the first
time in patients’ lives [12, 13]. The clinical picture consisted of auditory hallucinations, persecutory delusions, and delusions of guilt or grandeur, anxiety, insomnia and attention disturbanc-
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es. Mood symptoms frequently accompanied the
psychotic symptoms.
The time frame for emergence of psychotic
symptoms associated with IFN-a therapy was
6–46 weeks and on average- third month of
the therapy [12, 13]. Although psychotic symptoms usually appear later during IFN-a therapy than depressive symptoms, one report describes a case of a healthy 21-year-old woman
from a family multiply affected by psychotic
disorders in whom acute psychosis developed
within 10 days after the first pegylated-a interferon injection and did not resolve within several weeks in spite of IFN termination and neuroleptic treatment [23].
Nevertheless, consent exists across published
reports that stopping IFN-a and institution of
neuroleptic treatment are sufficient for dissolving psychosis [12, 13, 14, 18, 19]. In 3 out of 10
patients observed by Fattovich et al. psychotic
symptoms disappeared spontaneously after cessation of IFN-a and in the remaining 7 patients
the symptoms resolved under neuroleptic treatment [12]. Institution of a butyrophenon or a butyrophenon plus a normothymic brought about
full remission within 4–12 weeks in all four patients described in Hosoda et al. study [13].
Psychotic episodes associated with interferona therapy are reported more frequently in CHC
patients with a history of illicit drug abuse and/
or HIV co-infection [19, 20, 21, 22]. The known
risk factors for mental disorders associated with
IFN-a therapy are age over 40 years, presence of
brain abnormalities, a history of psychiatric and
neurological disorders, familial psychiatric history, substance or alcohol abuse in the past, being
HIV-positive, simultaneous treatment with other cytokines or receiving high doses of IFN-a [8,
13, 20, 23].
There are also reports on psychotic maniacal or
psychotic depressive episodes induced with the
IFN-a therapy in high-risk patients [10, 19, 20,
21, 24]. The majority of these disturbances disappear with cessation of IFN-a, however in some
subjects serious affective or psychotic symptoms
may continue for many months despite adequate
therapy [17, 24, 25, 26].
Pathogenesis of interferon-a-induced psychotic disturbances is not clear [5, 8, 15]. Data from
both experimental and clinical studies indicate
that influence of the cytokines’ system on the

brain may be responsible for a plethora of neuropsychiatric consequences, including psychosis [7, 27]. IFN-a can enter the brain through the
blood-brain barrier during inflammation or even
in the absence of inflammation in the periaqueductal area of hypothalamus or spinal cord [8,
28, 29]. IFN-a receptors were found in microglial
cells [30]. IFN-a stimulates peripheral production
of proinflammatory cytokines IL–1, IL–2, IL–6
and tumour necrosis factor alpha (TNF-a) which
may intrude brain and modify local production
of prostaglandins or other cytokines which may
evoke significant changes in neuronal function.
Cytokines may also modulate the activity of vagal nerve and in this way influence brain function [5, 8]. IFN-a acts directly as a neuromodulatory compound or indirectly modifies function
of main the neurotransmitter systems through
other cytokines [23, 27, 31].
Initially IFN-a stimulates dopaminergic neurons but on chronic administration, induction
of dopaminergic blockade and down-regulation of dopaminergic receptors was demonstrated [32]. IFN-a binds to brain opioid receptors
and through this modulates the dopaminergic activity of frontal-subcortical pathways [33].
Dopamine dysregulation in limbic and prefrontal pathways is associated with impairment of executive functions, working memory, positive and
negative psychotic symptoms [34, 35]. Dopaminergic dysfunction (either IFN-a-induced or endogenous) might play an important role in initiation and course of psychotic disturbances.
HCV patients have lower serum tryptophan
(serotonine precursor) levels than healthy control subjects [36]. Interferon-a stimulates indoleamine 2,3-dioxigenase and this results in
tryptophan depletion and simultaneously in
the increase of kinurenine neurotoxic metabolites [37, 38]. Neurotoxic influence of IFN-a via
NMDA may impair processes of synaptogenesis and neuroplasticity [39, 40]. Chronic administration of IFN-a may induce hypercortisolemia,
HPA axis dysregulation and central corticoliberin increase. These changes may result in damage to hippocampal neurones and neuroplasticity impairment [41, 42]. IFN-a increases the time
of inhibition in the forced swimming test which
indicates a depressiogenic effect [43]. In humans
IFN-a can induce reduction of brain metabolism
in the prefrontal cortex (hipofrontality) which
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may predispose to both cognitive and psychotic
disturbances [35, 44, 45].
Studies on relationships between interferon
and schizophrenia has been inconclusive. There
was no sign of cytokine disturbances in cerebrospinal fluid of schizophrenic patients. On the other hand, in a part of the patients non-specific
abnormalities in regulation of endogenous interferons were confirmed [9]. Schizophrenic patients who recently had an acute psychotic episode, tended to have a higher endogenous interferon level in the serum [46]. In relation to
the viral theory of schizophrenia attempts were
made to augment neuroleptic treatment with
interferon. In the placebo-controlled trial longterm add-on interferon therapy induced a significant improvement in part of schizophrenic
patients [47].
The cases of psychotic disturbances described
in the literature and data from preclinical studies
indicate the possibility of IFN-a-induced psychosis in susceptible patients. The underlying cause
of the susceptibility is yet to be determined,
however dopaminergic, opioid, serotoninergic and glutaminergic pathways as well as HPA
axis hypersensitivity might be supposed. Overlap influence of biological vulnerability and the
cytokine’s action on the brain can induce burdensome consequences.
We have recently reported the case of a patient
without personal and familial psychiatric history and good premorbid functioning in whom
a serious psychotic disorder and cognitive decline developed after seven months of therapy
with pegylated interferon-a plus ribavirin due to
hepatitis C [48]. Patient J-D male, aged 44, without perinatal complications, without head trauma, worked for 25 years in the same firm as an
electrician. He has been married for 20 years. In
his wife’s opinion the patient never abused alcohol and always looked for some kind of occupation after he returned from work. He was always
vigorous and expressed his emotions readily but
did not reveal impulsiveness or dysphoric mood.
He slept well. In 1981 the patient underwent appendectomy and peritonitis occurred as a complication. Oedema of lower extremities and feeling unwell urged the patient in 1998 to perform
some examinations and the HCV antigen was
detected. In 2002 the patient was granted a disability pension due to hepatitis C.
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He was qualified for treatment with interferon-a and ribavirin after formal routine psychiatric assessment with brief examination of some
cognitive functions which excluded the presence
of any significant mental abnormality. The patient’s wife observed increased tension and irritability while on the therapy but the patient
was not referred for psychiatric examination. After seven months treatment the patient became
increasingly agitated and upset. Then suddenly acute psychotic symptoms appeared. The patient experienced religious delusions and for several hours demanded from his family an absolute obedience with performance of some bizarre
and magical activities. Consequently the patient
was referred to a psychiatric hospital for compulsory in-patient stay. There IFN-a plus ribavirin therapy was stopped.
The diagnosis of an acute psychotic episode,
paranoid type, was established and the patient
was treated with chlorpromazine. The hospitalisation lasted for two weeks. On discharge the
patient was relatively free of hallucinations and
religious delusions but distinct extrapyramidal signs were apparent. In spite of consecutive
changes of neuroleptic drugs parkinsonian sideeffects did not allow the patient to walk or perform everyday activities. He became apathetic
and dereistic, he needed assistance even in maintaining self-hygiene. Moreover he claimed suicidal thoughts and impulses. Hallucinations and
delusions were reduced but still existed. Cognitive impairment reached the level of mild dementia. Subsequently, treatment with low doses of clozapine and clonazepam was instituted.
Slow, gradual improvement of psychiatric and
neurologic state was observed. However, dereism, lack of criticism, slight delusions, negativism and cognitive decline persisted in spite of
withdrawal from IFN-a plus ribavirin therapy
and intensive treatment with different neuroleptics including 18-month treatment with clozapine. Altogether, serious and chronic disturbances resulted in enduring deterioration of the patient’s functioning. The patient still needs everyday assistance.
Taking into consideration good premorbid psychosocial functioning, no addiction in the past
and lack of familial psychiatric burden in the
presented patient, we can hypothesise that a relationship exists between IFN-a therapy and in-
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cidence of both psychotic disturbances and cognitive deterioration. Though it is not possible to
delineate an ultimate explanation of the symptoms we may suppose that the influence of IFNa and HCV virus on the brain were not the only
reasons of chronic illness in the patient. Probably
equally important might be an individual predisposition, presumably resulted from sensitivity to
long-term influence of IFN-a on crucial neurotransmitter and neuromodulatory systems.
It may be suggested that early identification of
psychosis and adequate psychopharmacologic
treatment might prevent subsequent development of serious debilitating symptoms. Considering all these details, the necessity of regular psychiatric consultations not only for the patients
who have risk factors to develop neuropsychiatric side effects but rather for all patients undergoing long-term treatment with IFN-a can be
postulated.
References
1. Forton DM, Allsop JM, Main J, Foster GR, Thomas HC, Taylor-Robinson SD. Evidence for a cerebral effect of the hepatitis C virus. Lancet. 2001, 358: 38–39.
2. Radkowski M, Wilkinson J, Nowicki M, Adair D, Vargas H, Ingui C, Rakela J, Laskus T. Search for hepatitis C virus negative-strand RNA sequences and analysis of viral sequences in
the central nervous system: evidence of replication. J. Virol.
2002, 76: 600–608.
3. Poynard T, Yuen MF, Ratziu V, Lai CL. Viral hepatitis C. Lancet
2003, 362: 2095–2100.
4. Flamm SL. Chronic hepatitis C virus infection. JAMA. 2003,
289(18): 2413–2417.
5. van Gool AR, Kruit WHJ, Engels FK, Stoter G, Bannink M, Eggermont MM. Neuropsychiatric side effects of interferon-alfa
therapy. Pharm. World Sci. 2003, 25: 11–20.
6. Carella C, Mazziotti G, Morisco F, Rotondi M, Cioffi M, Tuccillo C, Sorvillo F, Caporaso N, Amato G. The addition of ribavirin to interferon-alpha therapy in patients with hepatitis C virus-related chronic hepatitis does not modify the thyroid autoantibody pattern but increases the risk of developing hypothyroidism. Eur. J. Endocrinol. 2002, 146(6): 743–749.
7. Raison CL, Demetrashvili M., Capuron L, Miller AH. Neuropsychiatric adverse effects if interferon-a. Recognition and management. CNS Drugs. 2005, 19(2): 105–123.
8. Dieperink E, Willenbring M, Ho SB. Neuropsychiatric symptoms associated with hepatitis C and interferon alpha: a review. Am. J. Psychiatry. 2000, 157: 867–876.

9. Schaefer M, Schwaiger M, Pich M, Lieb K, Heinz A. Neurotransmitter changes by interferon-alpha and therapeutic implications. Pharmacopsychiatry. 2003, 36(Suppl.3): S203–
S206.
10. Bozikas V, Petrikis P, Balla A, Karavatos A. An interferon-alpha-induced psychotic disorder in a patient with chronic hepatitis C. Eur. Psychiatry. 2001, 16: 136–137.
11. Nozaki O, Takagi C, Takaoka K, Takata T, Yoshida M. Psychiatric manifestations accompanying interferon therapy for patients with chronic hepatitis C: an overview of cases in Japan.
Psychiatry Clin. Neurosci. 1997, 51(4): 175–180.
12. Fattovich G, Giustina G, Favarato S, Ruol A. A survey of adverse events in 11,241 patients with chronic viral hepatitis
treated with alfa interferon. J. Hepatol. 1996, 24(1): 38–47.
13. Hosoda S, Takimura H, Shibayama M, Kanamura H, Ikeda K,
Kumada H. Psychiatric symptoms related to interferon therapy for chronic hepatitis C: clinical features and prognosis. Psychiatry Clin. Neurosc. 2000, 54: 565–572.
14. Debien C, De Chouly De Lenclave MB, Foutrein P, Bailly D.
Alpha-interferon and mental disorders. Encephale 2001, 27:
308–317.
15. Kornischka J, Burtscheidt W, Gaebel W. Interferon-induced
paranoid psychosis. Review of the literature and case report.
Nervenarzt. 2002; 73: 463–467.
16. Garcia-Pares G, Domenech C, Gil M. Psychosis induced by interferon-alpha. Psychosomatics. 2002, 43: 428–429.
17. Thome J, Knopf U. Acute psychosis after injection of pegylated
interferon alpha–2a. Eur. Psychiatry. 2003, 18: 142–143.
18. D’Innella P, Zaccala G, Terazzi M, Olgiati P, Torre E. [Psychotic disorders induced by interferon alfa]. Recenti Prog. Med.
2002, 93: 367–369.
19. Howes O, McKenzie KJ. Manic psychosis induced by long
term alpha-interferon treatment for hepatitis C. Int. J. Psychiatry Clin. Pract. 2000, 4: 161–162.
20. Kalyoncu OA, Tan D, Mirsal H, Pektas O, Beyazyurek M. Major
depressive disorder with psychotic features induced by interferon-a treatment for hepatitis C in a polydrug abuser. J. Psychopharmacol. 2005, 19: 102–105.
21. Schäfer M, Boetsch T, Laakmann G. Psychosis in a methadonesubstituted patient during interferon-alpha treatment of hepatitis C. Addiction. 2000, 95: 1101–1104.
22. Hoffman RG, Cohen MA, Alfonso CA, Weiss JJ, Jones S, Keller M, Condemarin JR, Chiu NM, Jacobson JM. Treatment of
interferon-induced psychosis in patients with comorbid hepatitis C and HIV. Psychosomatics. 2003, 44(5): 417–420.
23. Lerner DM, Stoudemire A, Rosenstein DL. Neuropsychiatric
toxicity associated with cytokine therapies. Psychosomatics
1999, 40: 428–435.
24. Telio D, Sockalingam S, Stergiopoulos V. Persistent psychosis
after treatment with interferon alpha. A case report. J. Clin.
Psychopharmacol. 2006, 4: 446–447.

Archives of Psychiatry and Psychotherapy, 2007; 1–2 : 51–55

numer01-2007.indb 54

2007-06-12 10:23:22

Psychotic disorders as a complication of interferon-a treatment of hepatitis C

25. Nickel T, Sonntag A, Backmund M, Pollmächer T. Depression
during therapy with interferon a – how long should an antidepressant treatment last? A case report. Pharmacopsychiatry. 2005, 38: 100–102.
26. Monji A, Yoshida I, Tashiro K, Hayashi Y, Tashiro N. A case of
persistent manic depressive illness induced by interferon-alfa
in the treatment of chronic hepatitis C. Psychosomatics. 1998,
39: 562–564.
27. Bonaccorso S, Meltzer H, Maes M. Psychological and behavioural effects of interferons. Curr. Opin. Psychiatry. 2000, 13:
673–677.
28. Wiranowska M, Wilson TC, Thompson K, Prockopp LD. Cerebral interferon entry in mice after osmotic alteration of bloodbrain barrier. J. Interferon Res. 1989, 9: 353–362.
29. Pan W, Banks WA, Kastin AJ. Permeability of blood-brain and
blood-spinal cord barriers to interferons. J. Neuroimmunol.
1997; 76: 105–111.
30. Yamada T, Yamanaka I. Microglial localization of alfa-interferon receptor in human brain tissues. Neurosci. Lett. 1995;
189: 73–76.
31. Dafny N, Prieto-Gomez B, Dong WQ, Reyes-Vasquez C. Interferon modulates neuronal activity recorded from the hypothalamus, thalamus, hippocampus, amygdala and the somatosensory cortex. Brain Res. 1996, 734: 269–274.
32. Shuto H, Kataoka Y, Horikawa T, Fujihara N, Oiski R. Repeated interferon-alpha administration inhibits dopaminergic neural activity in the mouse brain. Brain Res. 1997, 747: 348–
351.
33. Valentine AD, Meyers CA, Kling MA, Kling MA, Richelson E,
Hauser P. Mood and cognitive side effects of interferon alpha
therapy. Semin. Oncol. 1998, 25: 39–47.
34. Cropley VL, Fujita M, Innis RB, Nathan PJ. Molecular imaging
of the dopaminergic system and its association with human
cognitive function. Biol. Psychiatry. 2006, 59(10): 898–907.
35. MacDonald AW 3rd, Carter CS, Kerns JG, Ursu S, Barch DM,
Holmes AJ, Stenger VA, Cohen JD. Specificity of prefrontal
dysfunction and context processing deficits to schizophrenia
in never-medicated patients with first-episode psychosis. Am.
J. Psychiatry. 2005, 162(3): 475–484.
36. Cozzi A, Zignego AL, Carpendo R, Biagiotti T, Aldinucci A,
Monti M, Giannini C, Rosselli M, Laffi G, Moroni F. Low serum tryptophan levels, reduced macrophage IDO activity and
high frequency of psychopathology in HCV patients. J. Viral
Hepat. 2006, 13(6): 402–408.
37. Capuron L, Miller AH. Cytokines and psychopathology: lessons from interferon-a. Biol. Psychiatry. 2004, 56: 819–
824.
38. Wichers MC, Koek GH, Robaeys G, Verkerk R, Scharpe S, Maes
M. IDO and interferon-alpha-induced depressive symptoms:
a shift in hypothesis from tryptophan depletion to neurotoxicity. Mol. Psychiatry. 2005, 10(6): 538–544.

55

39. Katafuchi T, Take S, Hori T. Roles of cytokines in the neural immune interactions: modulation of NMDA-responses by IFNalpha. Neurobiology. 1995, 3: 319–327.
40. Melrum B, Garthwaite J. Excitatory amino acid neurotoxicity
and neurodegenerative disease. Trends Pharmacol. Sci. 1990,
11: 379–387.
41. Nolten WE, Goldstein D, Lindstrom M, McKenna MV, Carlson
IH, Trump DL, Schiller Borden EC, Ehrlich EN. Effetcs of cytokines on the pituitary-adrenal axis in cancer patients. J. Interferon Res. 1993, 13: 349–357.
42. Gisslinger H, Svoboda T, Clodi Gilly B, Ludwig H, Havelec A,
Luger A. Interferon-a stimulates the hypothalamic-pituitaryadrenal axis in vivo and in vitro. Neuroendocrinology. 1993,
57: 489–495.
43. Makino M, Kitano Y, Komiyama C, Takasuna K. Human increases immobility in the forced swimming test in rats. Psychopharmacology. 2000, 148: 106–110.
44. Juengling FD, Ebert D, Gut O, Engelbrecht MA, Rasenack J,
Nitzsche EU, Bauer J, Lieb K. Prefrontal cortical hypometabolism during low-dose interferon alpha treatment. Psychopharmacology (Berl). 2000, 152: 383–389.
45. Molina V, Sanz J, Reig S, Martinez R, Sarramea F, Luque R,
Benito C, Gispert JD, Pascau J, Desco M. Hypofrontality in
men with first-episode psychosis. Br. J. Psychiatry. 2005, 186:
203–208.
46. Preble OT, Torrey EF. Serum interferon in patients with psychosis. Am. J. Psychiatry. 1985, 142: 1184–1186.
47. Cabrera Gomez JA, Cordero Gutierrez JR, Fernandez Lopez O,
Reyes Gutierrez B, Romero Garcia K, Simon Consuegra J, Feas
Cruz R, Gonzalez Quevedo A, Alfaro Capdegille I, Del Pino
Falcon M. Treatment of schizophrenic disorder, paranoid type,
with intramuscular recombinant alpha–2b interferon. Biotherapy. 1993, 7: 27–37.
48. Dróżdż W, Borkowska A, Wiłkość M, Tomaszewska M, Halota W, Pawłowska M, Dybowska D, Rybakowski J. Przewlekłe
zaburzenia psychotyczne i otępienie u chorego z przewlekłym
wirusowym zapaleniem wątroby typu C w następstwie leczenia pegylowanym interferonem-a i rybawiryną: opis przypadku [Chronic psychotic disturbances and dementia in a patient
with chronic hepatitis C following the treatment with pegylated interferon-a plus ribavirin: a case report]. Farmakoterapia
w Psychiatrii i Neurologii. 2006, 2.

Archives of Psychiatry and Psychotherapy, 2007; 1–2 : 51–55

numer01-2007.indb 55

2007-06-12 10:23:23

56

Wiktor Dróżdż et al.

The abstracts of our journal

Archives of Psychiatry and Psychotherapy
can be accessed online.
Readers will find also its selected fulltexts
(free of charge)
at the website

www.psychiatriapsychoterapia.pl

Archives of Psychiatry and Psychotherapy, 2007; 1–2 : 51–55

numer01-2007.indb 56

2007-06-12 10:23:23

