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Abstract

Psychiatric symptoms can be associated with several systemic and central nervous system infec-
tions and they can be the initial presenting symptoms, occurring in the absence of neurological
symptoms in some disorders as in some cases of viral encephalitis. They could also be part of the
clinical picture in other cases such as psychosis or mood symptoms secondary to brucellosis or
toxoplasmosis. Late-onset neuropsychiatric complications may also occur several years following
the infection such as in the case of subacute sclerosing panencephalitis due to measles. Some In-
fectious diseases may have possible etiological role for major psychiatric disorders, based on yet
unconfirmed reports for viral infectious diseases (e.g. Influenza virus and HSV-1) which are
thought to have risk for developing schizophrenia and psychosis. Neuropsychiatric adverse effects
can occur due to drugs (e.g. mefloquine, interferon-alpha) that are used for treatment of infectious
diseases. Psychiatric symptoms can also be reactivated resulting from chronic, complicated and
serious infections such as HIV that can lead to depression, anxiety or adjustment disorders, al-
though CNS involvement can also be a possible etiological factor. Patients suffering from primary
and severe psychiatric disorders are at increased risk of contracting infection; that is mainly re-
lated to high risk behaviors in patients with mania or schizophrenia. It is also important to con-
sider that the co-occurrence of psychiatric symptoms and infection can be incidental (i.e. infec-
tious diseases can occur in psychiatric patients regardless of the above mentioned factors). Early
identification of the underlying etiology for organic/secondary psychiatric symptoms is essential
for appropriate intervention and early treatment of the primary condition that could be the etiol-
ogy of psychiatric symptoms so as to avoid unnecessary long-term psychiatric treatment and to
avoid complications of possible misdiagnosis or delayed diagnosis of the primary condition.
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1. Introduction

Infectious organisms can play an important role in pathophysiology of neurodegenerative and neurobehavioral
diseases. They may enter the brain within infected migratory macrophages, or they may cross the blood-brain-
barrier by the process of transcytosis or by intraneuronal transfer from peripheral nerves [1]. Psychiatric symp-
toms can occur as part of the clinical manifestations of several systemic and central nervous system infections.
On the other hand, psychological stress can affect the function of the immune system and predict infectious dis-
eases susceptibility [2]. In psychiatric settings, people with severe mental illness have more susceptibility to de-
velop physical illness than general population [3]. Studies investigating infectious diseases in psychiatric popu-
lation revealed high rates of infectious diseases. For example, screening of 588 adult psychiatric patients in 2
psychiatric inpatient units in University of Pennsylvania, has shown that evidence of undetected diseases was
reported in about 10% of patients who had HIV, 32% who had hepatitis B, and 21% who had hepatitis C, and a
considerable proportion of infectious diseases have been missed [4]. Occasionally, even a small focus of chronic
infection can result in organic psychiatric disorder with symptoms of subtle cognitive dysfunction, irritability,
depression, psychosis and delirium. Occult infections are concealed infections that may occur anywhere in the
body, and can be associated with various psychiatric symptoms. Examples include: urinary tract infections, ab-
scess, sinusitis, chronic otitis, bronchiectasis, cholecystitis, parasitosis, osteomyelitis, endocarditis, sinusitis and
subclinical systemic infections (such as tuberculosis and HIV) [5]-[7]. A wide range of psychiatric symptoms
can occur in febrile illnesses. Study of febrile onset psychiatric symptoms in Sudan has shown that at least a
third of the patients had psychiatric symptoms including excitement, aggressive behavior, sleep disturbance,
visual hallucinations, auditory hallucinations, delusions, disorganized thinking and disorientation. Other re-
ported symptoms were depression, mutism, and catatonia [8].

Also, maternal and childhood infections are considered as risk factors for psychosis. The fetal brain can be
exposed to maternally derived substances, such as cytokines or stress hormones. Several studies have found as-
sociation between the later developments of psychosis and exposure to infections during fetal life. Exposures to
viruses with affinity to the CNS, (e.g. Influenza A virus, polio, rubella, and herpes simplex Type 2 viruses), have
been proposed as risk factors for developing psychosis in addition to the parasite T. gondii [9] [10]. Case control
studies including patients with schizophrenia and other psychotic illness found significantly elevated levels of
total and IgM immunoglobulins in affected individuals. A significant association was found between maternal
antibodies to herpes simplex virus Type 2 glycoprotein gG2 and subsequent psychotic illness [11]. A large birth
cohort, including subjects born from 1959 through 1966, found a 7-fold increased risk of schizophrenia for in-
fluenza exposure during the first trimester; while Influenza exposure in early-to-mid-pregnancy was associated
with 3-fold increased risk of schizophrenia [12]. A national cohort study consisting of 1.2 million children fol-
lowed up by using Swedish national registers to retrieve data on hospital admissions for CNS infections at 0 - 12
years of age, found a slightly increased risk of non-affective psychosis associated with viral CNS infections, as
well as schizophrenia. They found no evidence of increased risk in relation to bacterial infections. Exposures to
mumps virus or cytomegalovirus were associated with subsequent psychoses. The association with specific vi-
ruses indicates that the risk is related to infectious agents with a propensity to invade the brain parenchyma [13].
On the other hand, some studies found no association between common childhood infectious diseases and de-
veloping psychiatric illness. For example, using data from the UK National Child Development Study, a longi-
tudinal general population sample was investigated for possible associations of adult-onset psychosis with neu-
rological soft signs and common childhood infectious illnesses. Schizophrenia, affective psychosis and epilepsy
were not associated with common childhood illness but were associated with neurological soft signs and an in-
creased, but small, frequency of previous meningitis and tuberculosis [14].

Maternal bacterial infections are also thought to be associated with risk of developing psychosis. A study us-
ing Copenhagen Perinatal Cohort data has identified 85 cases of schizophrenia. In these cases, first-trimester
exposure to bacterial infections was associated with an elevated risk of developing schizophrenia, suggesting a
relationship between maternal bacterial infection during pregnancy and offspring risk of schizophrenia; most
likely respiratory tract and gonococcal infections [15].

Association between risk of schizophrenia and prenatal exposure to infections (both viral and bacterial) may
be mediated through trans-placental passage of cytokines produced by the mother in response to infections. For
example, Interleukin-8 (IL-8) crosses the placenta barrier and has been implicated in early brain development
[16]. Increased risk of schizophrenia was also thought to be associated with coxsackie B5 during neonatal period
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[17] [18].

If the psychiatric symptoms are secondary to infectious disease process, the diagnosis is most likely to be or-
ganic psychiatric disorder or psychiatric disorder due to a medical condition, rather than primary/functional
psychiatric illness. In addition to infections, there are several physical causes that contribute to the etiology of
organic psychiatric disorders such as drugs, neurological conditions, constipation, dehydration, pain and vascu-
lar causes. Febrile illness (e.g. urinary tract infection), septicemia and encephalitis can lead to delirium. Demen-
tia can be caused by infections such as HIV, neurosyphilis, post encephalitis syndromes and Lyme disease [5]
[6]. Other organic mental disorders classified in ICD-10 include organic hallucinosis, organic catatonic disorder,
organic delusional or schizophrenia-like disorder, organic mood disorder, organic anxiety disorder and organic
personality disorder.

It is of vital importance to differentiate psychiatric symptoms resulting from organic causes from those coin-
cidentally occurring in a patient suffering from a primary psychiatric disorder.

This review will focus on the relation between infectious diseases and psychiatric symptoms with emphasis
on the psychiatric manifestations of various infectious diseases including viral, bacterial and parasitic infectious
diseases.

Generally, the relation between infectious diseases and psychiatric features can be summarized as follows
(Table 1):

a) Infectious diseases causing psychiatric symptoms: In these cases, psychiatric symptoms can be the initial
presenting symptoms, (as in viral encephalitis), or could be part of the clinical picture in others (such as psycho-
sis or mood symptoms in brucellosis or toxoplasmosis).

b) Infectious diseases with possible etiological role for major psychiatric disorders: There are unconfirmed
reports for infectious diseases (e.g. Influenza virus and HSV) with possible etiological role for schizophrenia.
[10] [11].

¢) Psychiatric symptoms due to adverse effects of drugs used for treatment of the infectious disease: e.g. mef-
loquine, INF.

d) The primary psychiatric disorders can increase the risk of contracting infection: High risk behaviors in pa-
tients with mania and schizophrenia may lead to increased risk of infection.

e) Psychiatric symptoms reactive to chronic and serious infections: e.g. chronic, complicated and serious in-
fections such as HIV can lead to depression, anxiety or adjustment reactions.

f) Others/coincidental: e.g. infectious diseases can occur in psychiatric patients regardless of the above men-
tioned factors.

In this review, such relations will be discussed under the possible causing agents.

Work-up and differential diagnosis of co-existing psychiatric symptoms and infectious diseases are shown in
Figure 1.

2. Bacterial Infections

Bacteria are unicellular organisms traditionally classified, according to the Gram stain, into Gram-positive and
Gram-negative organisms. Using light microscopy, they can be divided into cocci and bacilli (rods). Many in-

Table 1. Relation between infectious diseases and psychiatric features.

Pattern of relation Comment Examples

Psychiatric symptoms can be the initial presenting e Viral encephalitis.

Infectious diseases causing psychiatric symptoms, or could be part of the clinical picture of e Psychosis or mood symptoms in

symptoms the infectious disease. brucellosis or toxoplasmosis.
Infectious diseases with possible etiological Unconfirmed reports for infectious diseases having e  Influenza virus.
role for major psychiatric disorders possible etiological role for schizophrenia. e HSV.
e Acute and severe psychiatric
The primary psychiatric disorders can High risk behaviors may lead to increased risk of symptoms (e.g. Mania).
increase the risk of contracting infection infection. e Chronic psychiatric symptoms (e.g.
schizophrenia)

Psychiatric symptoms reactive to chronic Chronic, complicated and serious infections can lead .
and serious infections to depression, anxiety or adjustment reactions.

Infectious diseases can occur in psychiatric patients
regardless of the above mentioned factors.

HIV.

Others/coincidental
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* Acute Differential Diagnosis

Infectious infection 1. Organic psychiatric

Diseases . i(f‘:;:e?::ilgn 'disorfier seFondary to
/ infectious disease and/
W .OCCUI_t or its treatment.
infection
2. Primary/ functional
psychiatric disorder
with increased risk of
contracting infection.
3. Symptoms of
o Acute infection and
Psychiatric symptoms. psychiatric disorder are
symptoms not etiologically
o Chronic related.
symptoms

Figure 1. Differential diagnosis of co-existing psychiatric symptoms and infectious diseases. In-
fectious diseases can cause acute or chronic psychiatric symptoms. On the other hand, patients
with psychiatric symptoms can be at increased risk of contracting infection due to high risk be-
haviors such as that associated with acute relapses (e.g. mania) or chronic negative or positive
symptoms of schizophrenia. If acute or chronic infections are suspected in a patient with psy-
chiatric symptoms, then assessment for both conditions should go parallel to identify the pattern
of symptoms and possible etiology. Differential diagnosis, based on such assessment, should in-
clude possibility of organic psychiatric disorder or primary/functional psychiatric disorder. How-
ever, symptoms of infection and psychiatric disorder could also be not etiologically related.

fections are confined to a particular body organ or system, while other infections can potentially affect several
systems or the entire body and, under unusual circumstance, they may become systemic. Bacteraemia (transient
presence of organisms) and septicemia (illness arising from blood-borne infections) may occur. Meningococcal
septicemia causes typical features of septic shock such as fever, myalgia and hypotension [16]. Cell wall-defi-
cient bacteria (e.g. Mycoplasma, Chlamydia, Borrelia and Brucella) may play important roles in neurodegenera-
tive and neurobehavioral diseases [1]. Examples of Neuropsychiatric symptoms that can be associated with bac-
terial infections are summarized in Table 2.

2.1. Pediatric Autoimmune Neuropsychiatric Disorders Associated with Streptococcal
Infections (PANDAS)

PANDAS are a group of childhood-onset neuropsychiatric disorders which have a post-infectious autoim-
mune-mediated etiology, and they are found to be related to infections with group-A beta-hemolytic streptococci
(GABHS) [19]. The course is typically episodic with varying symptoms severity and there is a common associa-
tion with neurologic signs [20]. Children with PANDAS have unique clinical characteristics including [19] [21]
[22]:
Presence of obsessive compulsive disorder (OCD) and tics.
Very young age-at-onset (pre-pubertal).
Abrupt onset or episodic course of symptom severity.
Symptom exacerbations are sudden and dramatic and are associated with GABHS infections.
Exacerbations associated with motor abnormalities (such as chorieform movements) distractibility and im-
pulsivity.
Invariable response to antibiotics, and immune modulating regimens.
e There is an increased rate of separation anxiety, impulsivity, hyperactivity, enuresis and deterioration in
handwriting in children with PANDAS.
One case-control study investigated children aged 4 to 13 years who received their first diagnosis of OCD,
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Table 2. Examples for bacterial infections that can be associated with neuropsychiatric symptoms.

Bacterial Causative

- - - Clinical features Neuropsychiatric symptoms Diagnosis
infection organism
The incubation period for acute
. infection is 1 - 3 weeks. Malaise, Behavioral changes, chronic Blood or bone marrow
Gram-negative - - - cultures in acute phase.
L headache, weakness, generalized psychosis, stupor, hallucination, .
coccobacilli: myalgia and night sweat. The fever delirium, and acute psychosis can be Serological tests for
Brucellosis B. abqrtus_, pattern is undulant. an early presentation of brucellosis. chronic brucel_losn_s
B. mellitensis, S . (brucella agglutination
- . Lymphadenopathy, Depression is common in untreated .
B. suis, B. canis. . - - test). Polymerase chain
hepatosplenomegaly, spinal chronic forms of brucellosis. -
AT reaction. ELISA.
tenderness, scaroiliitis.
Blood culture (1% 2
Common: delirium, encephalopathy. weeks), Intestinal
Less commonly: Persistent secretions and urine
. . . . psychiatric symptoms (irritability,  culture, Bone marrow
Typhoid fever  Salmonella typhi Abdominal pain, headache, fever psychasis, and personality changes), culture is rarely required,
complete recovery following leucopenia, Widal
treatment. antigen test can be
misinterpreted.
Primary stage: hard chancre,
regional lymphadenopathy.
Secondary stage: fever, malaise,  Neurosyphilis: General Paralysis of Dark ground microscopy,
. arthralgia, sore throat, generalized Insane, symptoms similar to serological, CSF
- Treponema pallidum - - - S -
Syphilis lymphadenpathy. maculopapular Alzheimer disease, progressive  examination for evidence

(T. Pallidum) rash, mucous patches, snail-track

ulcers.
Tertiary (late) stage: Gummas,
aortitis, neurosyphilis.

The first stage (7 - 10 days):
Erythema migrans at the site of tick
bite, headache, fever, malaise,
myalgia, arthralgia,
lymphadenopathy.

The second stage: neurological
symptoms, cardiac symptoms,
arthritis.
Leptospiraemic phase: severe
headache, malaise, fever, anorexia,
myalgia, conjunctival suffusion,
hepatosplenomegaly,
lymphadenopathy, skin rash.
Immunological phase:usually mild.
Meningism.

Headache and malaise preceding the
chest symptoms.
Extrapulmonary: myocarditis,

Lyme disease Borrelia burgdorferi

Leptospirosis Leptospira Interrogans

Mycoplasma Mycoplasma pericarditis, erythema multiforme,
pneumonia pneumoniae arthralgia, gastrointestinal
symptoms, haemolyticanaemia,
thrombocytopenia,
meningoencephalitis.
V\Qilsrézli S Tropheryma whipplei  Arthralgia, diarrhea, weight loss.

cognitive decline, seizures,
personality change, encephalopathy.

of neurosyphilis, Chest
X-ray.

Decreased memory, poor
concentration, difficulties in
formulating ideas and difficulty in
word findings, irritability, daytime
hypersomnolence, depression.

IgM antibodies are
detectable in the first
month. 1gG antibodies
invariably present later.

Usually clinical only.

Commonly: Confusion and Blood/CSF culture,

delirium. leucocytosis,
Mania and psychosis may thrombocytopenia,
occur. elevated creatine

phosphokinase.

Encephalitis, meningitis, myelitis, and

polyradiculitis. Other reported pres-
entations include coma, ataxia, psy-
chosis, and stroke. Rarely:
Kluver-Bucy syndrome

Chest X-ray, cold
agglutinins, rising
antibody titre,

Commonly: Depression and
personality changes.
More common: cognitive
dysfunction and dementia.

Tourette’s syndrome (TS), or tic disorder. They found that streptococcal infection doubles the risk for a first di-
agnosis of OCD, TS, or tic disorder within the 3 months following the infection, and multiple infections seemed
to approximately triple the risk for a first diagnosis within 12 months’ time [21]. Other factors may include psy-
chosocial stress which can be associated with future worsening of tic, OC and depressive symptoms [23] [24].

A rapid rise in anti-streptococcal (ASO) titer is the best way that can show the association between recent
GABHS infection and symptoms onset and exacerbations of PANDAS. A throat culture should also be obtained
although some children with PANDAS may not have sore throat [7]. Penicillin prophylaxis has known effec-
tiveness for rheumatic fever in which group A beta-hemolytic streptococcus played etiological role. The role of
antibiotic prophylaxis for childhood-onset neuropsychiatric disorders was investigated in a double blind rando-
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mized controlled trial which found penicillin and azithromycin to be effective in decreasing streptococcal infec-
tions and reducing exacerbations of neuropsychiatric symptoms among children with PANDAS [25].

2.2. Mycoplasma Pneumonia

Mycoplasma refers to a genus of bacteria that lack a cell wall. Mycoplasma pneumonia accounts for 2.4% - 14%
of community acquired pneumonia and most of the patients develop mild upper respiratory tract infection. Clin-
ically apparent pneumonia occurs in 3% - 10% of cases [26]. Mycoplasma pneumoniae, the smallest free living
bacteria, has minor ability to injure respiratory cells and is known to cause various extra-pulmonary manifesta-
tions that almost affect all organs. The neurological manifestations are the most frequently reported presenta-
tions [27]. CNS manifestations occur in one of 1000 patients with infections including encephalitis (the most
frequent), meningitis, myelitis, and polyradiculitis. Other reported presentations include coma, ataxia, psychosis,
and stroke. There are also some reported cases of psychosis following resolution of mycoplasma pneumonia
[28]-[31]. New manifestations have been described following Mycoplasma pneumoniae infection such as Klu-
verBucy syndrome & intracranial hypertension which need to be confirmed. Kluver-Bucy syndrome is a rare
neurobehavioral condition first described on the basis of experimental bilateral temporal lobectomy in monkeys.
The syndrome is characterized by visual agnosia, excessive oral tendencies (putting objects into mouth, licking,
biting, chewing, touching with lips, and bulimia), hypermetamorphosis, placidity, altered sexual behavior, and
changes in dietary habits. In a reported case of kulver-Bucy syndrome associated with mycoplasma pneumonia,
MRI revealed left temporal horn dilation and asymmetry of both temporal lobes. The pathophysiology was sug-
gested to be immune-mediated damage by M. pneumoniae resulting in vasculopathy. The common etiologies of
Kulver-Bucy Syndrome reported in humans include herpes simplex encephalitis, toxoplasmosis, tuberculous
meningitis, head trauma, hypoxia, hypoglycemia, heat stroke, Parkinson’s disease, Alzheimer’s disease and
Huntington’s disease [31]-[33].

2.3. Lyme Disease

Lyme borreliosis is a tick-borne multisystem inflammatory disease caused by the spirochete Borrelia burgdorfe-
ri sensu stricto, in the United States and Borrelia garinii and Borrelia afzelii in Europe. Spirochaetes are
double-membrane bacteria, most of which have long, helically coiled (spiral-shaped) cells. Lyme disease can be
of relapsing and remitting nature and can be refractory to normal immune surveillance and standard antibiotic
regimens. The disease, as with other spirochetal infections like syphilis, occurs in acute and chronic stages with
a wide spectrum of clinical picture. The most common early manifestation is a skin lesion at the site of the tick
bite. The hall mark of the disease is the characteristic erythema migrans, rash manifests as an area of spreading
erythema measuring >5 cm in diameter. Later manifestations are caused by spread of the spirochetes either un-
der the skin or via blood stream to the brain, heart and joints. Neurologic manifestations (Lyme Neuroborreliosis)
occur after several weeks to months in 15% of patients [34]-[36].

A broad range of psychiatric conditions have been reported in association with Lyme disease including para-
noia, dementia, schizophrenia, bipolar disorder, panic attacks, major depression, anorexia nervosa and obsessive
compulsive disorder [37]. Depression is common among patients with late Lyme disease occurring in 26% to
66% of cases. Lyme disease should be included in the differential diagnosis of psychiatric symptoms in patients
who live in its endemic areas, particularly when presenting with certain psychiatric symptoms such as depres-
sive features, lack of concentration and fatigue [35] [37].

Common chronic symptoms due to Lyme disease may include [36]:

o Cognitive deficits and subjective cognitive slowing: decreased memory, poor concentration, difficulties in
formulating ideas and difficulty in word findings are significantly prominent in chronic post-treatment Lyme
disease.

e Long-standing fatigue.

e Chronic musculoskeletal pain.

2.4. Brucellosis

Brucellosis is a zoonotic disease caused by gram-negative coccobacilli of four species recognized as human pa-
thogens associated with different natural host animals including B. abortus (cattle), B. mellitensis (goats &
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sheep), B. suis (swine) and B. canis (dogs). The clinical features range from asymptomatic seroconversion or
mild flu-like illness to complicated chronic disease. The ratio of subclinical disease to symptomatic disease has
been estimated to range from 1:1 to 12:1 [38].

Central nervous system manifestations occur in 5% - 10% of cases and they could be the only presenting fea-
tures. Neurological complications of brucellosis may be divided into 2 major groups: toxic-febrile neurobrucel-
losis (related to the acute-febrile state), and classical neurobrucellosis (related to actual invasion and localization
of the pathogen in the CNS). There are reported cases of brucellosis associated with variable psychiatric presen-
tations including behavioral changes, chronic psychosis, stupor, hallucination, delirium, and acute psychosis
which could be an early presentation of brucellosis [39] [40].

Chronic brucellosis may not be preceded by acute symptoms and commonly present with fatigue, subtle cog-
nitive deficits, depression and multiple chronic pains. Due to its presentation, chronic brucellosis is frequently
misdiagnosed as primary psychiatric illness [7]. Patients with brucellosis (with or without neurological manife-
stations) have highly significant impairment in cognitive function parameters (such as mental control, logical
memory, visual reproduction) and higher depressive symptoms compared with Controls [41].

One study using Rorschach test, (which was administered to 3 groups of patients with: neurosis, organic brain
damage, and brucellosis), have shown that the brucellosis group have similarities to the neurosis group and they
were also similar to the brain-damaged group in reduction of emotional spontaneity and capacity for emotional
responsiveness [42].

3. Protozoal Infections

Protozoa are unicellular eukaryotic organisms which are more complex than bacteria. To be transmitted to a new
host, some protozoa transform into hardly cyst forms and others are transmitted by an arthropod vector [18].
Certain parasites are capable of selectively altering host behaviour to enhance their transmission. Some cases of
schizophrenia may be associated with environmental factors including exposure to the ubiquitous protozoan
Toxoplasma gondii [43].

3.1. Toxoplasmosis

Toxoplasmosis is a common protozoal infection caused by the intracellular protozoan parasite Toxoplasma gon-
dii. Seroprevalence in adults in UK is about 25% rising up to 90% in some parts of Europe. Most infections are
asymptomatic. Symptomatic patients usually develop lymphadenopathy. Clinical features may include fever,
myalgia and general malaise. In severe cases pneumonia, myocarditis and choroidoretinitis may occur [18].
Primary toxoplasmosis infection during pregnancy may cause severe damage to the foetus, and may cause mi-
crocephaly, hydrocephalus, encephalitis, mental retardation, seizures, blindness, and death. Acute T. gondii in-
fection can cause psychotic symptoms similar to symptoms of schizophrenia [18] [44].

Many studies found significant T. gondii antibodies in persons with schizophrenia and other severe psychia-
tric disorders and the difference was statistically significant in some case-control studies [45]. Psychiatric com-
plications due to acute T. gondii infection or secondary reactivation of the disease in immunosuppressed indi-
viduals include: disorientation, anxiety, depression, and schizophreniform psychoses [46]. Hydrocephalus, in-
creased ventricular size, and cognitive impairment have also been reported in schizophrenia and other forms of
psychosis [45].

The T. gondii genome contains 2 aromatic amino acid hydroxylases that potentially could directly affect do-
pamine and/or serotonin biosynthesis. In chronic toxoplasmosis, T. gondii forms cysts that can be located in
various anatomical sites including the brain. Stimulation of the immune response has also been associated with
mood and behavioral alterations in humans [47].

Several sero-prevalence case control studies have demonstrated significantly higher sero-prevalence and T.
gondii 1gG antibodies in patients with schizophrenia than in control subjects. T. gondii seropositivity was partic-
ularly higher in patients suffering from simple schizophrenia [48]. Analysis of serum samples for the presence
and level of immunoglobulin G (1gG) to T. gondii, CMV, HSV-1, and HSV-2 in an Ethiopian population; found
the seroprevalence of T. gondii infection and 1gG to CMV higher in individuals with schizophrenia and bipolar
disorder than in unaffected controls [49]. T. gondii IgG antibodies were detected in about 18.2% of psychiatric
inpatients and 8.9% of controls indicating significant elevation of immunoglobulins against T. gondii in psy-
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chiatric population. About 26.3% of patients with schizophrenia had evidence for latent infection which was
significantly higher than controls [43].

Recently, the ability of T. gondii to manipulate the behaviour of infected mice and rats and alter personality
attributes of humans has been reported [47]. T. gondii can alter the Lister-hooded laboratory rats’ perception of
predation risk turning their innate aversion into a suicidal feline attraction. Among untreated rats, those infected
spent “proportionately” much more time in the cat area than uninfected rats. Anti-psychotic drugs (haloperidol)
were as efficient as anti-T. gondii (pyremethamine and dapson) drugs in preventing such behavioural alterations
[50]. Studies investigating the neurological basis of anxiety, have demonstrated that blocking N-methyl-D-as-
particacid receptors in the amygdala, and/or provision of serotonin (5-HT) antagonists, causes rats to approach
cat odors fearlessly. T. gondii may change the behavior of rodents so as to make them more likely to be predated
on by cats, the parasite’s definitive host [51]-[53].

3.2. Malaria

Malaria is transmitted by female Anopheles, and it is one of the most important parasitic diseases worldwide.
Five species can cause malaria in humans. These are Plasmodium falciparum, Plasmodium vivax, Plasmodium
ovale, Plasmodium malariae and, recently discovered, Plasmodium knowlesi [54]. Malarial infection can be as-
sociated with a wide range of neuropsychiatric symptoms. Occasionally frankly psychotic behaviour can be the
first manifestation of cerebral involvement during malarial infection. Paranoid psychosis, mania, hallucinations,
and delusions were the commonest neuropsychiatric complications in some cases. Other reported presentations
include: hemiplegia, cerebral palsy, rare cases of Gullain-Barre syndrome (GBS), cerebellar ataxia, extra-pyra-
midal symptoms, trismus, peripheral neuropathy, isolated 6™ nerve palsy, and foot drop have been reported,
Ocular bobbing, nystagmus, and sudden blindness due to vitreous haemorrhage. Subarachnoid haemorrhage due
to Disseminated intravascular coagulation (DIC) and myelitedes-resembling amyotrophic lateral sclerosis (ALS)
and tabesdorsalis-like syndrome, and combined disseminated encephalomyelitis have also been reported [55]
[56].

Neuropsychiatric impairments due to cerebral malaria in children include: long-term cognitive impairment,
acquired language disorder, inattention, impulsiveness and hyperactivity, conduct disorders, impaired social de-
velopment, and obsessive symptoms. Self-injurious and destructive behaviors have also been observed [9].

3.3. Post-Malaria Neurological Syndrome (PMNS)

This syndrome occurs after symptomatic malarial infection & clearance of parasites from blood. It is characte-
rized by development of neurological and psychiatric symptoms that can occur 1 - 4 months after exposure.
Clinical manifestations include generalized convulsion, delayed cerebellar ataxia, psychosis, and tremors [56]
[57]. The syndrome usually occurs in patients originally treated for severe malaria and is strongly correlated
with mefloquine treatment [58].

3.4. Adverse Neuropsychiatric Effects Due to Antimalarial Agents

Agents used for prophylaxis and treatment of malaria may result in neuropsychiatric adverse effects. The quino-
line antimalarial drugs (chloroquine, quinine, mefloquine) are all known for their neuropsychiatric adverse ef-
fects while artemisinin or antifolates, are not known to be associated with neuropsychiatric complications [58].
Mefloguine is an effective first line agent for preventing chloroquine-resistant malaria. Neuropsychiatric ad-
verse effects of mefloquine include anxiety, paranoia, depression, hallucinations, psychatic behaviour and pos-
sibly suicide. Because of its adverse psychiatric symptoms, it has been recommended to avoid mefloquine in pa-
tients with history of psychiatric symptoms or seizure and to alternatively use doxycycline for prophylaxis [59].
The first case of toxic encephalopathy was published in 1987, and in 1989 the WHO initiated reporting and in-
vestigation of neuropsychiatric adverse effects of mefloquine [60]. Mefloquine-induced psychosis can be pre-
ceded by a prodromal phase of moderate symptoms such as dizziness, insomnia, and generalized anxiety fol-
lowed by frank psychosis with psychomotor agitation and paranoid delusions [61]. About 28% of patients with
P. falciparum malaria who were treated with mefloquine developed neuropsychiatric adverse reactions [60].
Chloroquine treatment can rarely be associated with neuropsychiatric symptoms such as increased psycho-
motor activity, disorientation, incoherent speech, confusion & outbursts of abnormal behavior [62]. Chloroquine
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treatment following an experimental malarial infection caused serious psychiatric symptoms in a volunteered
participant including symptoms of depersonalization, anxiety, vivid unpleasant dreams, headache, photophobia
and paranoid delusions which subsided over 4 months [58].

4. Viral Infections

Viruses enter the CNS through several mechanisms. They may replicate outside the CNS and then invade by
heamatogenous spread (e.g. enteroviruses). Viral particles pass directly across the blood-brain barrier, or
through infected leukocytes (e.g. mumps, measles or herpes viruses), and then infect vascular endothelial cells.
Other viruses invade through peripheral (e.g. polio) and cranial nerves (e.g. herpes simplex virus). Viruses may
spread through the subarachnoid space leading to meningitis. They may also spread directly or via inflammatory
leukocytes through neural tissue to neurons and glial cells [63]. Most viruses that cause encephalitis can also
cause meningitis. Psychiatric symptoms are very common in acute phase of viral encephalitis and they are also
common after recovery [7].

Occasionally, psychiatric symptoms without neurological symptoms can be the initial presentation of viral
encephalitis. Psychiatric symptoms may occur as psychosis (35%), catatonia (33%), psychotic depression (16%),
or mania (11%) [64]. Examples of Neuropsychiatric symptoms that can be associated with viral infections are
summarized in Table 3.

Table 3. Neuropsychiatric manifestations of some viral infections.

Causative A Neuropsychiatric
. Clinical features . .
organism manifestations
Herpetic stomatitis, herpes
labialis, keratoconjunctivitis and

Viral infection Diagnosis

Hypomania, personality changes,

Herpes simplex dysarthria, seizures, autonomic

virus (HSV) HSV-1 encephalitis. dysfunction, ataxia, delirium, and Detection of HSV DNA by
infection HSV-2 Gemta}l herpes, s_ystemlc psychosis. Rarely; Kulver-Bucy polymerase chain reaction.
infections in svndrome
immunocompromised host. Y
Acute febrile illness known as .
infectious mononucleosis AtyplqaLmoF]gTuclear ¢ f""S
Epstein-Barr (onEe?)}/the (glandular fever), headache, Depression, chronic fatigue in EZU‘I)-BeL:ineII ?l’alzgf)':ve
Virus infection herpes viruses) malaise, sore throat, cervical syndrome, detecting heterophile
P lymphadenopathy, slenomegaly, b g | ,&
mild hepatitis. antibodies (IgM).
Usually asymptomatic (>50% of .
thgadZIt Sopulatiog has Serolqglcal test: thent (_IgG)
cMV evidence for latent infection). Encephalitis in gr ;IJrlmary (IghM_) mfect_lon.
Cytomegalovirus fth Symptoms identical to infectious immunocompromised Olymerase ¢ ?Im reaction.
infection (one of the mononucleosis. Fever, hepatitis patients, depression, Direct immunofluorescence:
herpes viruses) with or without jaundice dementia characteristic intracellular
occasionally lymphocytosis ovyl-eye I'nCIUS'OITS'
with atypical lymphocytes. Negative Paul-Bunnell test.
Post infectious
Incubation period: 8 - 14 days encephalomyelitis, subacute measles
Two distinct phases: The b enlcephgilltls, and haliti di d
Measles Paramyxo pre-eruptive and catarrhal stage subacutesclerosingpanencephalitis Most cases diagnose
viruses the eruntive or exanthematous' which occurs 7 - 10 years following clinically
P stage measles (cognitive dysfunction,
ge. behavior change, headache,
myoclonic jerks).
. s Tissue culture in sera
lncuzgz‘pfs;gg ésof r'n?lgays' obtained the first few days
Dengue infections are common. Can encephalitis, delirium, confusion of |nfect|gr|1:§glagnostlc.
occur in two clinical forms: and seizures .
Flaviviruses 1.calssic dengue fever, 2. Complement-fixing
infections Dengue haemorrhagic fever antibodies. Leucopenia,
(a group of 6o ' thrombocytopenia.
viruses) Difficulty with memory and

Can be symptomless. Mild
West Nile  febrile illness. Severe symptoms
Virus may include meningitis and
encephalitis.

word-finding, fatigue, extremity
weakness, headache, personality
changes, irritability and
aggression.
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4.1. Herpes Simplex Virus (HSV) Virus Infection

Herpes encephalitis is usually caused by HSV-1, while HSV-2 can cause encephalitis mainly in neonates and
immunocompromised adults. Herpes encephalitis is the most common cause of sporadic fatal encephalitis
(>90% of cases are caused by HSV-1). Clinical presentation of Herpes encephalitis includes acute fever with
various degrees of altered consciousness and behavioral abnormalities such as hallucinations, personality
changes, or a frankly psychotic state. It can often present with focal neurological deficits, seizures and myoclo-
nus reflecting the site of infection and inflammation. One of the possible complications of HSV encephalitis is
the Kluver-Bucy syndrome (see under section of mycoplasma pneumonia in this article). EEG may show peri-
odic temporal spikes and slow waves (EEG is sensitive but not specific), and MRI may show diffuse inflamma-
tion particularly in teproparietal regions [7] [65].

Cognitive impairment including decreased working memory and executive functions has been recognized in
schizophrenia which may be partly explained by exposure to certain infectious agents that can lead to central
nervous system inflammation (e.g. neurotropic viruses have been associated with focal gray matter deficits in
patients with schizophrenia). Serological evidence of infection to HSV1 and cytomegalovirus (CMV) is asso-
ciated with impaired cognitive functioning among patients with schizophrenia [66]. Seropositivity to HSV-1,
related to cognitive deficits and cerebral gray matter changes has been reported in adult schizophrenics [67].
Significant gray matter loss in the posterior cingulate gyrus has been reported among the HSV1-seropositive
schizophrenia subjects [68].

The Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) trial; has shown a significant associ-
ation between the neurocognitive summary score and antibodies to HSV-1 but not to HSV-2, CMV, or T. gondii.
There was a significant association between HSV-1 exposure and the Verbal Memory, Vigilance, and Process-
ing Speed composite scores [69].

The catechol-o-methyl transferase (COMT) Val158Met polymorphism has been associated with cognitive
dysfunction in individuals with psychiatric disorders. Serological evidence of HSV-1 was significantly asso-
ciated with lower total scores for the Repeatable Battery for the Assessment of Neuropsychological Status
(RBANS) and the Val/Val genotype of the COMT Val158Met polymorphism. This indicates that infections with
HSV-1 and the COMT Val158Val genotype may be one of the risk factors for devolving cognitive deficits [70].

4.2. Human Immunodeficiency Virus (HIV)

There is higher Incidence of HIV in patients with schizophrenia (4% - 23%) than in the general population [71]
[72]. Psychiatric symptoms may occur as a consequence of HIV disease and vice versa. Patients with psychiatric
illness have increased risk of contracting HIV infection and that can primarily be due to risky behaviors such as
hypersexuality, poor impulse control, self-destructive behavior, casual sexual relationships, lack of risk aware-
ness, impaired judgment, substance abuse, and the potential for sexual victimization [73]. Causes of psychotic
symptoms in HIV-seropositive patients include delirium, late-stage HIV-associated dementia, mania, psychoac-
tive substance intoxication, antiretroviral medication toxicities (e.g., efavirenz, particularly in patients with the
CYP2B6-G516T polymorphism) and general medical conditions (e.g., cryptococcal meningitis and neurosyphi-
lis) [74]. Generalized anxiety disorder occurs in 15.8% of HIV-seropositive persons compared with 2.1% of the
general population; while panic disorder occurs in 10.5% of HIV-seropositive persons versus 2.5% of the gener-
al population [75] [76]. Depressive disorders tend to occur following the first symptoms of HIV infection or in
association with a high overall symptom burden [74].

4.3. Viral Hepatitis

Acute or chronic hepatitis can be caused by some viruses such as hepatitis A, B, and C viruses, Epstein-Barr vi-
rus (EBV) and cytomegalovirus (CMV). Viral hepatitis commonly presents with symptoms of fatigue, malaise
and anorexia. Although depression is common in chronic forms of hepatitis B and hepatitis C viral (HCV) infec-
tions, but it is important to consider that symptoms of hepatitis can lead to a misdiagnosis of depression [7].
Both HCV infection and its treatment with interferons (IFN) may lead to depressive symptoms. Based on Beck
Depression Inventory-Second Edition (BDI-1I) scores, a significant proportion of veterans with HCV expe-
rienced moderate-to-severe depressive symptoms (34%). Many of the affected individuals continued to expe-
rience depressive symptoms despite receiving antidepressant medications [77]. IFN are naturally-produced cy-
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tokines which have also been synthesized for therapeutic purposes including treatment of a variety of cancers
and viral infections. Many psychiatric and behavioral symptoms have been reported under IFN-alpha treatment
such as mood disorders which are known to occur early after treatment [78]. The side effects of IFN-alpha in-
clude fatigue, myalgia, arthralgia, fever, musculoskeletal pain, irritability and depression. Neuropsychiatric side
effects occur in about 50% of patients treated with IFN, particularly depression. Other neuropsychiatric adverse
effects include anxiety, cognitive slowing, impaired concentration and insomnia [79]. Co-occurrence of HCV
infection, substance use, and psychiatric illness requires completing IFN treatment with careful monitoring and
appropriate intervention [80].

4.4. Flaviviruses

Flavivruses group consists of 60 viruses, some of which are transmitted by ticks and others by mosquitoes. Ex-
amples of viral infections caused by this group include yellow fever, Japanese encephalitis, West Nile infection
and Dengue. The later can be associated with CNS involvement in 3% - 21% of cases commonly presenting
with encephalitis, delirium, confusion and seizures [81] [82]. West Nile virus is an arthropod-borne flavivirus
which spread by infected mosquitoes and can infect birds, human and horses. Most cases are subclinical, with 1
in 5 infected persons developing a mild febrile illness. Severe symptoms may include meningitis and encephali-
tis. Neuropsychiatric symptoms include difficulty with memory and word-finding, fatigue, extremity weakness,
headache, personality changes, irritability and aggression. About 31% of infected individuals may suffer from
depression [18] [83]-[85].

4.5. Other Viral Infections

Rabies virus is an RNA virus of the Lyssavirus genus which has two distinct varieties in humans: furious rabies
and dumb rabies. The later has symptoms resembling the Gillian-Barre syndrome. The furious/classic variety of
rabies can lead to marked psychiatric symptoms 10 days following infection. These symptoms are marked an-
xiety, agitation and depressive features. Other symptoms include: hallucinations, bizarre behavior, paralysis,
hydrophobia, aerophobia and hyperexcitability (the hallmark of furious rabies) [5].

Prion diseases, caused by proteinaceous agents, lead to spongiform changes in the brain. Examples of theses
are Kuru (occurring in Papua, New Guinea), and Creutzfeldt-Jakob disease which can lead to psychiatric symp-
toms several months before developing the neurological symptoms [7].

5. Pathophysiological Relationship between Infectious Diseases and
Neuropsychiatric Symptoms

Factors that are thought to have role in the pathophysiological relation between infectious diseases and neurop-
sychiatric symptoms have been recently investigated, particularly that related to toxoplasmosis infection. De-
pressive symptoms are thought to be dueto IFN-y blocking T. gondii growth through inducing activation of in-
doleamine-2, 3-dioxygenase and depletion of tryptophan depletion, which results in decreasing serotonin pro-
duction in the brain [86].

Also, recent data suggest that MicroRNA-132 (miR-132) is up-regulated following Toxoplasma infection and
was found to be associated with changes in dopamine receptor signaling [87].

Pathological changes in the brain regions which are induced by chronic toxoplasmosis have been recently in-
vestigated in mice and the results have shown that there is impaired local connectivity, particularly within the
somatosensory areas. There were was also reduced expression of two cytoskeletal proteins in the somatosensory
cortex and hippocampus [88].

Adult patients with HCV infection were found to have increased peripheral immune activation and increased
expression of immune-related proteins that are associated with neuropsychiatric symptoms. It has also been re-
ported that altered expression of plasma immune factors may contribute to the severity of neuropsychiatric
symptoms [89].

Higher levels of pro-inflammatory cytokines and cortisol have been identified in plasma and cerebrospinal
fluid of patients with delirium [90]. The inflammatory marker C-reactive protein (C-RP) has recently been in-
vestigated in association with delirium and was thought to be involved in the genesis of delirium [91].
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6. Conclusion

Psychiatric features are common in infectious diseases including bacterial, viral and parasitic infections and they
can be the initial presentation, occurring in absence of neurological symptoms, in some cases. Long-term neu-
ropsychiatric complications may also occur. Early identification of the underlying etiology for organic/second-
ary psychiatric symptoms is essential for appropriate intervention and early treatment of the primary condition
that could be the cause of psychiatric symptoms.
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