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Since the beginning of the twentieth century, with the discovery of the spirochetal
cause of syphilis, there has been evidence for the role of infectious agents in
neuropsychiatric disorders. Organisms known to cause neuropsychiatric symptoms
include the spirochetes Borrelia, Treponema and Leptospira, which can invade a
patient’s central nervous system. The role of Treponema pallidum in neurosyphilis was
first documented in the early 1900’s, while the neuropsychiatric aspects of Lyme disease
(caused by Borrelia burgdorferi) were not discovered until much later, in the early
1960’s and 1970’s. Other organisms known to cause neurologic and psychiatric
complications are viral, such as the human immunodeficiency virus (HIV, the causative
agent of AIDS) and certain strains of influenza. In addition, there is evidence that
numerous other viruses, such as rabies, rubella, Epstein-Barr virus, and other herpes
viruses play a role in these types of disorders. This paper examines several infectious
agents that are believed to cause neurologic or psychiatric problems and the current
research that is being done in these areas. It also reviews some of the current research on
chronic fatigue syndrome, a neuropsychiatric disorder for which the causative agent is yet
unclear, and examines the possibility of an infectious etiology.

1

Infectious Agents Implicated in Neuropsychiatric Disorders
Group A β-hemolytic streptococcus
Several neuropsychiatric and movement disorders have been described in children
following infection with group A β-hemolytic streptococcus. Among these are
Sydenham’s chorea and PANDAS, or pediatric autoimmune neuropsychiatric disorders
associated with streptococcal infections. Both of these disorders tend to affect children
mostly, as streptococcal infections are quite common in childhood. Sydenham’s chorea
is a disorder characterized by uncoordinated motor movements, hypotonia, gait
disturbance, loss of fine motor control, slurred speech, and in some cases personality
changes (Aron et al., 1965). PANDAS is a collection of syndromes characterized by
sudden onset of tics, Tourette syndrome, or obsessive-compulsive disorder following
group A β-hemolytic streptococcus infection (Pavone et al., 2006).
A recent community-based, longitudinal study followed 693 children for eight
months to determine the prevalence of group A β-hemolytic streptococcal infections and
the association with tics, behavior disorders and movement disorders (Murphy et al.,
2007). The researchers found that children with repeated streptococcal infection had a
significantly higher rate of behavioral symptoms and distal choreiform movements. They
also demonstrated a higher rate of streptococcal infection during the fall months, along
with a significantly higher rate of tics, behavioral problems and choreiform movements
during these same months.
In children with obsessive-compulsive symptoms, it has been hypothesized that a
brain autoimmune disorder may develop after streptococcal infection. Recently Dale et
al. (2005) examined children with obsessive-compulsive disorder (OCD) for anti-basal
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ganglia antibodies (ABGA) using enzyme-linked immunosorbent assay (ELISA) and
Western blotting. They found that AGBA binding on ELISA was significantly higher in
children with OCD than in controls with non-neurologic autoimmune disorders, controls
with other neurologic or movement disorders, and controls with uncomplicated
streptococcal infections. Children with OCD also had a significantly higher rate of
positive antibody binding on Western blot. These findings strengthen previous research
in this area, but more studies are needed to determine the characteristics of children at
risk for developing long-term neurologic sequelae after streptococcal infection, and to
determine effective treatment therapies.

West Nile Virus
West Nile virus is an arthropod-borne flavivirus that was first introduced to the
United States in 1999 with a disease outbreak in New York City. The virus is usually
spread by infected mosquitoes, although some bird species and ticks are believed to be
carriers. Infected persons are usually asymptomatic, but mild symptoms can include
headache, rash, and low-grade fever. Patients with severe symptoms can have
neurological problems, such as meningitis, encephalitis, and poliomyelitis. Although
central nervous system (CNS) invasion by West Nile virus has not been definitively
demonstrated yet in humans, it has been shown to occur in other animals, such as mice
(Hunsperger and Roehrig, 2006).
A recent study by Carson et al. (2006) reported a number of neuropsychiatric
symptoms among 49 patients with confirmed West Nile virus infection. Patients
complained of difficulty with memory and word-finding, as well as fatigue, extremity
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weakness and headache. Twenty percent of patients also reported a new-onset tremor.
Neuropsychological testing in these patients demonstrated abnormalities in motor skills,
attention and executive functions. Schafernak and Bigio (2006) reported neuronal loss
and other abnormalities in the substantia nigra of a patient with a history of
encephalomyelitis and poliomyelitis-like paralysis due to West Nile virus infection,
suggesting direct CNS invasion. Another study by Murray et al. (2007) noted that 31%
of patients had a new-onset depression following infection by West Nile virus. Patients
also experienced personality changes, including an increase in irritability and aggression
and decreased socialization.
The evidence for neuropsychiatric problems following West Nile virus infection
appears to be strong, but there are still very few cases in North America and it is unclear
why some patients develop such troubling symptoms, while the majority of infected
persons are asymptomatic.

Mycoplasma pneumoniae
Mycoplasma pneumoniae is a small bacterium that can cause pharyngitis,
bronchitis and pneumonia via respiratory droplet transmission. Campbell et al. first
associated neurological illness with M. pneumoniae in 1943. Later, it was shown to be
able to invade the CNS (Abramovitz et al., 1987), but its role in central nervous system
disease has still been somewhat controversial.
In the past few years, more evidence has emerged regarding the association of M.
pneumoniae infection with neurological and psychiatric problems. A case review by
Smith and Eviatar (2000) found a wide range of neurologic symptoms, involving both the
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central and peripheral nervous systems, in six patients with M. pneumoniae infection.
These symptoms ranged from mild to severe, and most commonly included
meningoencephalitis, encephalopathy and seizures. A recent letter in the European
Journal of Neurology (Rajabally, 2007) reported a case of chronic inflammatory
demyelinating polyneuropathy following M. pneumoniae infection. Matsuo et al. (2004)
reported three cases of children with restless leg syndrome and positive anti-Mycoplasma
antibody titers. Other pediatric case reports have demonstrated encephalopathy, optic
neuritis, transverse myelitis and seizures following M. pneumoniae infection (Candler
and Dale, 2004). Harjacek et al. (2006) reported eight cases of reactive arthritis
following M. pneumoniae infection, one of which was diagnosed as juvenile ankylosing
spondylitis. A prospective case-control study of patients with Guillain-Barré syndrome
(GBS) found that 15% of GBS patients had a preceding M. pneumoniae infection and that
this infection seemed to be associated with the syndrome (Sinha et al., 2007). Bilateral
Bell’s palsy and aguesia have also been linked to M. pneumoniae infection (Trad et al.,
2005).
Recently, M. pneumoniae was associated with a case of Kluver-Bucy syndrome, a
rare neurobehavioral syndrome that involves visual agnosia, excessive oral tendencies,
hypermetamorphosis, loss of normal fear and anger responses, and altered sexual
behavior (Auvichayapat et al., 2006). The researchers found that the patient’s M.
pneumoniae titers were elevated and an MRI revealed left temporal horn dilation and
asymmetry of the temporal lobes. After antibiotic treatment, the titers were reduced to
normal and none of the symptoms recurred. Another interesting case of an adolescent
with acute M. pneumoniae infection revealed severe obsessive-compulsive disorder,
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cognitive decline and deficient executive functioning continuing four years after onset of
the illness (Termine et al., 2005). MRI studies of this patient revealed bilateral striatal
necrosis with compensatory enlargement of the lateral ventricles. In a rare case of coinfection with both Mycoplasma pneumoniae and Steptococcus pneumoniae, an 11-yearold girl experienced sudden onset of tetraplegia, abnormally brisk deep tendon reflexes,
mild cerebellar dysfunction and fifth cranial nerve palsy (Manteau et al., 2005). After
treatment with erythromycin and dexamethasone, the patient regained normal neurologic
functioning.
Because M. pneumoniae is a fairly common and widespread organism, this is an
interesting new area of research into the infectious causes of neuropsychiatric disorders
and chronic illness.

Human Parvovirus B19
Human parvovirus B19 is the cause of the common childhood illness, erythema
infectiosum or “fifth disease”. Infection with parvovirus B19 is common and typically
asymptomatic. However, it has been associated with neuropathies, meningoencephalitis,
rheumatic disease, vasculitis and chronic fatigue syndrome (Kerr, 2005). Although
parvoviruses have long been known to cause brain pathology in animals, there is little
evidence for invasion of the nervous system by this virus in humans. However, a recent
study was done to analyze the dorsolateral prefrontal cortices of a large number of brain
samples from healthy controls and subjects with schizophrenia and bipolar disorder
(Hobbs, 2006). Nested polymerase chain reaction and DNA sequencing analysis
demonstrated parvovirus B19 sequences in 14.4% to 42.3% of the specimens, although
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there was no difference among the different groups. This is some of the first evidence for
neuroinvasion of the human brain by parvovirus B19, so a great deal more studies will be
necessary in this area before any true neuropsychiatric effects of this virus can be
recognized.

Borna Disease Virus
While the infection of humans with the Borna disease virus (BDV) is still a
controversial topic, a few recent studies have found evidence of BDV-related RNA in
patients, and have suggested a role for this in mood and other psychiatric disorders.
Miranda et al. (2006) found BDV RNA in the peripheral blood cells of 33.33% of
psychiatric disorder patients as compared to 13.33% of healthy controls. After cloning
all of their positive PCR samples, they found that the sequences were more than 98%
homologous with GenBank Borna disease virus. Another group (Güngör et al., 2005)
found equal concentrations of anti-BDV antibodies in the serum of patients with subacute
sclerosing panencephalitis (SSPE) and in normal patients, but found that very high levels
of anti-BDV antibodies in SSPE patients correlated with earlier onset and greater severity
of illness. They hypothesized that BDV may not destroy neurons, but rather cause
changes in neurotransmitters, cytokines and chemokines, thus hastening the course and
severity of SSPE. While little is known still about the role of this virus in human disease,
it may prove to be an important topic of research for the future.
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Chronic Fatigue Syndrome
Chronic fatigue syndrome (CFS), also known as myalgic encephalomyelitis, is a
highly controversial, poorly understood and severely debilitating disorder that has been
associated with a number of infectious agents. These include enteroviruses, Epstein-Barr
virus, cytomegalovirus, human herpes virus-6 (HHV-6), parvovirus B19, hepatitis C,
Chlamydia pneumoniae, and Coxiella burnetii (Devanur and Kerr, 2006). In general, a
diagnosis of chronic fatigue syndrome is based on the clinical picture, but recent research
has shown strong evidence for post-infectious causes and for the role of some serological
and immunological markers.
A recent prospective cohort study by Hickie et al. (2006) followed 253 patients
with acute infections of Epstein-Barr virus, Coxiella burnetii (Q fever) or Ross River
virus (epidemic polyarthritis). After 12 months, they found that twelve percent of
participants had a prolonged illness characterized by neurocognitive problems, mood
changes, musculoskeletal pain and a disabling fatigue. Eleven percent of participants
also met the diagnostic criteria for chronic fatigue syndrome, and this syndrome was
predicted by the severity of the acute illness. The researchers did not find that
demographics or psychological or microbiological factors predicted participants’
outcome. Interestingly, a study by Vernon et al. (2006) found abnormal expression of
several different genes in patients with post-infective fatigue syndrome following acute
Epstein-Barr virus infection. Many of these genes play a role in mitochondrial functions,
including the cell cycle and fatty acid metabolism, and this could be a factor in the severe
fatigue symptoms that patients experience.
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Chapenko et al. (2006) studied the possibility that infection with human
herpesvirus-6 (HHV-6) or human herpesvirus-7 (HHV-7) could be a potential trigger for
development of chronic fatigue syndrome. Their research demonstrated that patients with
chronic fatigue syndrome had a significantly higher rate of dual, but not single-virus,
infection with HHV-6 and HHV-7 in their peripheral blood leukocytes when compared to
patients with unexplained chronic fatigue and normal blood donors. They also found
significantly decreased numbers of CD3+ and CD4+ cells and significantly increased
numbers of CD95+ cells in patients in which both viruses were simultaneously activated.
They concluded that these viruses may be involved in the pathogenesis of chronic fatigue
syndrome and that their reactivation may provoke changes in lymphocytes.
Chronic fatigue syndrome is a good example of a neuropsychiatric disorder for
which an infectious agent is a likely cause, but a clear culprit and mechanism are yet
unknown. It is possible that CFS is a single disease that can be caused by any number of
different microbes or viruses, but it is also possible that many different organisms are
capable of producing a clinical picture similar to CFS. Not only is CFS a complicated
illness, it is also a highly controversial one that provokes arguments over its causes,
treatments, and even its legitimacy as a true illness. This makes it very difficult for CFS
patients to get diagnosed, and even if they are diagnosed, to get treated. In that respect, it
epitomizes many of the challenges faced by doctors who research and treat
neuropsychiatric disorders with infectious or unknown causes.

9

References
Abramovitz P, Schvartzmann P, Harel D, Lis I, and Naot Y. Direct invasion of the central
nervous system by Mycoplasma pneumoniae: a report of two cases. Journal of Infectious
Diseases 1987;155:482- 487.
Aron AM, Freeman JM and Carter S. The natural history of Sydenham’s chorea.
American Journal of Medicine 1965;38:83-95.
Auvichayapat N, Auvichayapat P, Watanatorn J, Thamaroj J, and Jitpimolmard S.
Kluver-Bucy syndrome after mycoplasmal bronchitis. Epilepsy and Behavior
2006;8:320-322.
Campbell TA, Strong PS, Grier GS, et al. Primary atypical pneumoniae: two hundred
cases at Ft. Eustin, VA. JAMA 1943;122:723-729.
Candler PM and Dale RC. Three cases of central nervous system complications
associated with Mycoplasma pneumoniae. Pediatric Neurology 2004;31:133-138.
Carson PJ, Konewko P, Wold KS, Mariani P, Goli S, Bergloff P, and Crosby RD. Longterm clinical and neuropsychological outcomes of West Nile virus infection. Clinical
Infectious Diseases 2006;43:723-730.
Chapenko S, Krumina A, Kozireva S, Nora Z, Sultanova A, Viksna L and Murovska M.
Activation of human herpesvirus 6 and 7 in patients with chronic fatigue syndrome.
Journal of Clinical Virology2006;37 Suppl.:S47-S51.
Deavanur LD and Kerr JR. Chronic fatigue syndrome. Journal of Clinical Virology
2006;37:139-150.
Harjacek M, Ostojic J, and Rode OD. Juvenile spondyloarthropathies associated with
Mycoplasma pneumoniae infection. Clinical Rheumatology 2006;25:470-475.
Hobbs JA. Detection of adeno-associated virus 2 and parvovirus B19 in the human
dorsolateral prefrontal cortex. Journal of Neurovirology 2006;12:190-199.
Güngör S, Anlar B, Turan N, Yilmaz H, Helps CR and Harbour DA. Antibodies to Borna
disease virus in subacute sclerosing panencephalitis. The Pediatric Infectious Disease
Journal 2005;24:833-834.
Hickie I, Davenport T, Wakefield D, Vollmer-Conna U, Cameron B, Vernon SD, Reeves
WC, and Lloyd A. Post-infective and chronic fatigue syndromes precipitated by viral and
non-viral pathogens: prospective cohort study. British Medical Journal 2006;333:575580.

10

Hunsperger EA and Roehrig JT. Temporal analyses of the neuropathogenesis of a West
Nile virus infection in mice. Journal of Neurovirology 2006;12:129-139.
Kerr JR. Pathogenesis of parvovirus B19 infection: host gene variability, and possible
means and effects of virus persistence. Journal of Veterinary Medicine Series B
2005;52:335-339.
Manteau C, Liet JM, Caillon J, M’Guyen S, Quere MP, Roze JC, and Gras-Le Guen C.
Acute severe spinal cord dysfunction in a child with meningitis: Steptococcus
pneumoniae and Mycoplasma pneumoniae co-infection. Acta Paediatrica 2005;94:13391341.
Matsuo M, Katsunori T, Hamasaki Y, and Singer HS. Restless legs syndrome:
association with streptococcal or mycoplasma infection. Pediatric Neurology
2004;31:119-121.
Miranda HC, Vargas Nunes SO, Calvo ES, Suzart S, Itano EN, and Ehara Watanabe MA.
Detection of Borna disease virus p24 RNA in peripheral blood cells from Brazilian mood
and psychotic disorder patients. Journal of Affective Disorders 2006;90:43-47.
Murphy TK, Snider LA, Mutch J, Harden E, Zaytoun A, Edge PJ, Storch EA, Yang
MCK, Mann G, Goodman WK, and Swedo SE. Relationship of movements and
behaviors to Group A Steptococcus infections in elementary school children. Journal of
Biological Psychiatry 2007;61:279-284.
Murray KO, Resnick M, and Miller V. Depression after infection with West Nile virus.
Emerging Infectious Diseases 2007;13:479-481.
Pavone P, Parano E, Rizzo R, and Trifiletti RR. Autoimmune neuropsychiatric disorders
associated with streptococcal infection: Sydenham chorea, PANDAS, and PANDAS
variants. Journal of Child Neurology 2006;21:727-736.
Rajabally YA, Fraser M, Critchley P. Chronic inflammatory demyelinating
polyneuropathy after Mycoplasma pneumoniae infection. European Journal of Neurology
2007;14:e20-e21.
Schafernak KT and Bigo EH. West Nile virus encephalomyelitis with polio-like paralysis
and nigral degeneration. The Canadian Journal of Neurological Sciences 2006;33:407410.
Sinha S, Prasad KN, Jain D, Pandey CM, Jha S, and Pradhan S. Preceding infections and
anti-ganglioside antibodies in patients with Guillain-Barré syndrome: a single centre
prospective case-control study. Clinical Microbiology and Infection 2007;13:334-337.
Smith R and Eviatar L. Neurologic Manifestations of Mycoplasma pneumoniae
infections: diverse spectrum of diseases. Clinical Pediatrics 2000;39:195-201.

11

Termine C, Uggetti C, Veggiotti P, Balottin U, Rossi G, Egitto MG, and Lanzi G. Longterm follow-up of an adolescent who had bilateral striatal necrosis secondary to
Mycoplasma pneumoniae infection. Brain and Development 2005;27:62-65.
Trad S, Ghosn J, Dormont D, Stankoff B, Bricaire F, and Caumes E. Nuclear bilateral
Bell’s palsy and aguesia associated with Mycoplasma pneumoniae pulmonary infection.
Journal of Medical Microbiology 2005;54:417-419.
Vernon SD, Whistler T, Cameron B, Hickie IB, Reeves WC, and Lloyd A. Preliminary
evidence of mitochondrial dysfunction associated with post-infective fatigue after acute
infection with Epstein-Barr virus. BMC Infectious Diseases 2006;6:15-21.

12

