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INTRODUCTION 

Influenza is a viral infectious disease commonly referred 

as „flu‟. Influenza viruses are RNA viruses and belong to 

the family „orthomyxoviridae‟ with three genera: 

Influenza Virus A, B and C.
[1] 

The virus infects the 

respiratory tract of pigs and can be transmitted to humans 

either by inhaling the Infected droplets present in the air 

through coughing or sneezing or by touching 

contaminated surfaces followed by mouth or nose. The 

virus was first isolated from pigs in 1930 in the U.S. and 

has been recognized by pork producers and veterinarians 

to cause infections in pigs worldwide.
[2]

 The virus can 

last about one to two weeks in pigs that survive. 

Symptoms include influenza-like illness like cough, sore 

throat, fever, nasal discharge, watery eyes, abdominal 

pain etc. Humans have developed the swine flu infection 

when they are closely associated with pigs (for example, 

farmers, pork processors), and likewise, pig populations 

have occasionally been infected with the human flu 

infection. In most instances, the cross-species infections 

(swine virus to man; human flu virus to pigs) have 

remained in local areas and have not caused national or 

worldwide infections in either pigs or humans. 

 

It has been lately observed that people infected with 

swine flu show some unusual behavior like uncontrolled 

hand washing, fear of public places etc. This article will 

review the available literature on swine flu and its 

possible association with psychiatric disorders. 

 

HISTORY 

The outbreak of Influenza occurred prior to the isolation 

of Influenza virus. It was first isolated in 1930 by 

retrospective serologic survey of individuals alive during 

those years. 

 

Major influenza outbreaks. 

YEARS SUBTYPE 
EXTENT OF 

OUTBREAK 

1889-1890 H2N8 Severe pandemic 

1900-1903 H3N8 Moderate pandemic 

1918-1919 H1N1 Severe pandemic 

1933-1935 H1N1 Mild pandemic 

1946-1947 H1N1 Mild pandemic 

1957-1958 H2N2 Severe pandemic 

1968-1969 H3N2 Moderate pandemic 

1977-1978 H1N1 Mild pandemic 

2009-2010 H1N1 pandemic 

 

The most severe influenza pandemic was detected in 

1918 with estimated 50 million deaths or more the 

highest mortality rate of any disease outbreak in the 

recorded history.
[3] 

 

The 2009 H1N1 influenza virus was first detected in 

people in the United States in April 2009. This virus was 

originally referred to as “swine flu” because laboratory 

testing showed that its gene segments were similar to 

influenza viruses that were most recently identified in 
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and known to circulate among pigs. According to CDC 

this virus resulted from reassortment, a process through 

which two or more influenza viruses can swap genetic 

information by infecting a single human or animal host. 

When reassortment does occur, the virus that emerges 

will have some gene segments from each of the infecting 

parent viruses and may have different characteristics than 

either of the parental viruses. In this case, the 

reassortment appears most likely to have occurred 

between influenza viruses circulating in North American 

pig herds and among Eurasian pig herds.  Reassortment 

of influenza viruses can result in abrupt, major changes 

in influenza viruses, also known as “antigenic shift.” 

When shift happens, most people have little or no 

protection against the new influenza virus that results.
[4] 

 

It is not known when reassortment occurred to create the 

2009 H1N1 influenza virus.  Testing of the virus 

suggests that this reassortment event may have occurred 

years prior to the first reports of 2009 H1N1 influenza 

infection in people.
[4]

 Scientists call 2009 H1N1 

influenza a "quadruple reassortant" virus, because 

although each separate gene segment of the virus has 

been found in pigs previously, the individual gene 

segments of the virus originated from humans, birds, 

North American pigs and Eurasian pigs. 

 

Pigs can be infected by influenza viruses found in birds 

and other animals as well as people at the same time, 

Therefore, pigs represent a mixing vessel in which 

influenza viruses from different species can swap genes. 

For at least 80 years, influenza viruses known as 

“classical swine H1N1” viruses have circulated in North 

American pigs. However, in the late 1990s, a series of 

reassortment events occurred between influenza viruses 

found in pigs, humans and birds. As a result, swine 

influenza viruses with genes from humans, North 

American pigs and birds have existed in many parts of 

the world for around 10 years prior to 2009 H1N1 flu. 

Mixing of these “triple reassortant North American 

swine influenza viruses” with Eurasian swine viruses 

likely resulted in the 2009 H1N1 influenza virus. 

 

EPIDEMIOLOGY 

Swine flu was first isolated in the 1930 by researchers in 

the United States from pigs and it was subsequently 

recognized by pork producers and veterinarians as a 

cause of flu infections in pigs. People who are closely 

associated with pigs have been known to develop an 

infection, and pigs have also been infected with human 

flu from these handlers. In the vast majority of cases, 

cross-species transmission of the virus had remained 

confined to the specific area and not caused national or 

global infections in either pigs or humans. Unfortunately, 

due to the potential for genetic variation in the swine flu 

virus, there is always a possibility for cross-species 

transmission with the influenza viruses to occur. 

 

The 1918 deadly influenza pandemic caused by H1N1 

influenza virus, infected approximately 500 million 

people around the world and caused the death of roughly 

fifty to a hundred million people. The H1N1 variant of 

swine flu is the progeny of the strain that caused the 

1918 swine flu pandemic. Although persisting in pigs, 

the descendant variants of the 1918 virus have also 

known to infect humans, contributing to the yearly 

seasonal epidemics of influenza. Direct transmission of 

the virus from pigs to humans is a rare occurrence, with 

only 12 documented cases in the United States since 

2005. The potential retention of influenza virus strains in 

swine after these strains have disappeared in the human 

population, essentially make pigs a reservoir where 

swine influenza viruses could persist, and later emerge to 

reinfect humans once their immunity to these strains has 

waned.
[5,6] 

 

The "2009 swine flu" strain, originated in Mexico. It was 

termed novel H1N1 flu since it was mainly found 

infecting humans and exhibits 2 main surface antigens, 

hemagglutinin type 1 and neuraminidase type 1. The 8 

RNA strands in novel H1N1 flu have 1 strand from 

human flu strains, 2 derived from avian (bird) strains, 

and 5 that were derived from swine strains. The infection 

spread fast around the world and on June 11, 2009, the 

World Health Organization (WHO) declared the global 

influenza A (H1N1) pandemic, the first one of the 

21
st
 century. The pandemic H1N1 became the dominant 

influenza strain in 2009. During the 2009 pandemic, the 

Centers for Disease and Control and Prevention (CDC) 

estimated that there were 43 to 89 million cases of swine 

flu reported during a 1-year span, with 1799 deaths in 

178 countries worldwide.
[7,8] 

 

However, most of the cases were mild and self-limiting 

and mortality was not as high as estimated. By the end of 

the pandemic (August 10, 2010), at least 18,448 

laboratory-confirmed deaths were reported by the WHO 

as associated with the new virus strain.
[9] 

 

In 2011 an outbreak of new swine flu virus known as 

influenza A H3N2v (commonly termed H3N2v) 

occurred. The "v" in the name means the virus is a 

variant that normally infects only pigs but has begun to 

infect humans. There have been small outbreaks of 

H1N1 influenza since the pandemic 2009.
[2] 

 

More recently in 2015, a mutant strain of H1N1 which 

caused the global pandemic in 2009, spread across India 

with over 10,000 reported cases and 774 deaths. 

 

Many researchers now consider that two main series of 

events could have led to swine flu and also avian or bird 

flu becoming a major cause for influenza illness in 

humans. 

 

Various combinations of RNA segments can result in a 

new subtype of virus (this process is known as antigenic 

shift) that may have the ability to preferentially infect 

humans but still show characteristics unique to the swine 

influenza virus. It is even possible to include RNA 

http://www.medicinenet.com/avian_influenza_bird_flu/article.htm
http://www.medicinenet.com/avian_influenza_bird_flu/article.htm
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strands from birds, swine, and human influenza viruses 

into one virus if a single cell becomes infected with all 

three types of influenza (for example, two bird flu, three 

swine flu, and three human flu) RNA segments to 

produce a viable eight-segment new type of flu viral 

genome. Formation of a new viral type is considered to 

be antigenic shift; small changes within an individual 

RNA segment in flu viruses are termed antigenic drift 

and result in minor changes in the virus. However, these 

small genetic changes can accumulate over time to 

produce enough minor changes that cumulatively alter 

the virus' makeup over time (usually years). 

 

MORPHOLOGY OF INFLUENZA VIRUS 

Influenza viruses are member of Orthomyxoviridae 

family and consist of three genera: A, B and C. They are 

spherical in shape 80-120 nm in size. The viruses 

comprise of a helical nucleocapsid surrounded by an 

envelope. The envelope had two surface antigens, 

Hemagglutinin (HA or H) and Neuraminidase (NA or 

N). Hemagglutinin, which is the major projection on the 

influenza virus surface, binds to the host cell receptors 

and promotes the fusion between the virus envelope and 

the host cell, whereas neuraminidase is responsible for 

the release of progeny viruses by cleavage of the 

terminal sialic acid.
[10]

 The influenza virus A has 16 

different types of hemagglutinin (H1−H16) and 9 

different types of neuraminidase (N1−N9). Recently, a 

novel type of hemagglutinin (H17) was identified in bats. 

Based on the combinations of hemagglutinin and 

neuraminidase types on the cell surface, the viruses are 

classified in diverse subtypes such as H1N1, H3N2 or 

H5N1.
[11]

 Pigs are considered as the mixing vehicles for 

different subtypes.
[12] 

 

The core of influenza viruses contains a negative sense 

single stranded RNA genome that is composed of eight 

separate gene segments.
[10]

 Two types of mutations can 

occur within the genome. First, an antigenic drift those 

are point mutations within the genome causing mild 

changes in the surface antigens and thus creating a new 

variant of an existing strain. Second, an antigenic shift 

that is a new recombination of gene segments which can 

occur when a host is infected with influenza viruses from 

different species (human, birds, pigs), leading to a 

formation of a completely new strain. 

 

Transmission of Swine flu virus occurs from person to 

person by inhalation or ingestion of droplets containing 

virus from people sneezing or coughing; it is not 

transmitted by eating cooked pork products. 

 

INFECTION CONTROL MEASURES IN 

INFLUENZA VIRUS 

Transmission or occurrence of disease from Influenza 

virus can be prevented by using appropriate infection 

control measures. In developing and resource constrained 

countries, pharmacological interventions such as 

vaccines and antivirals do not play a major role in 

control of influenza virus, due to limited supply, lack of 

access and the high costs involved. Such countries will 

have to depend on various general preventive measures 

to control influenza virus. General preventive measures 

include the use of personal protective measures such as- 

covering of mouth and nose while coughing or sneezing, 

frequent hands washing with soap and water, avoidance 

of overcrowding and isolation of symptomatic 

individuals. Patients should be kept in isolation room or 

cohorting of the same disease patients can be done. For 

containment of cough and sneezes use of personal 

protective equipment such as gloves and mask for staff 

and patients can be done. Hand hygiene, if done properly 

is effective in preventing various respiratory viral 

infections. 

 

Vaccines for the prevention of influenza virus are also 

available in various countries. Both Inactivated 

(Injectable) and live attenuated vaccines (Intranasal 

spray) are available for influenza virus. Injectable 

vaccines are most commonly used vaccines. Injectable 

vaccines are given as single dose by intramuscular route 

except for 6 months to 8 years of age where two doses 

are required 4 weeks apart. Immunity last for 6-12 

months and efficacy of vaccine varies from 25-67%. 

 

Antivirals are also available in limited supply, and 

should be used cautiously as they have their own side 

effects. If the likelihood of complications is low, 

antiviral chemoprophylaxis should not be given to 

individuals at risk for infection or to healthcare workers. 

If the likelihood of complications is high (either due to 

the strain or baseline risk of the exposed group), 

oseltamivir or zanamivir may be used as postexposure 

chemoprophylaxis for affected individuals, especially 

healthcare workers.
[13]

 

 

NEUROLOGICAL COMPLICATIONS AND 

PSYCHIATRIC ASSOCIATION OF INFLUENZA 

VIRUS 
The reports of influenza-associated acute neurological 

syndromes are available from 1985 onwards.
[14-16]

 Acute 

neurological manifestations have been reported during 

epidemics and are often consistent with serious sequelae 

or death. An increased incidence of influenza-associated 

encephalitis/encephalopathy (IAE) has been reported in 

Japan, mainly in children. Other acute clinical 

neurological manifestations include seizures, Reye's 

Syndrome (RS), acute necrotizing encephalopathy, 

transverse myelitis, and aseptic meningitis as well as 

autoimmune conditions, such as Guillian-Barre 

Syndrome (GBS), which may occur during the course of 

influenza infection.
[17-19]

 There is evidence that influenza 

can directly lead to acute encephalitis.
[20]

 In recent times, 

a range from mild encephalitis to motor disturbances to 

coma has been reported with H5N1 infections in poultry 

and in humans. Influenza-related neurological 

complications are rare in immune-competent adults with 

variable clinical signs and pathology. These 

complications have been reported sporadically in the 

literature over the past 60 years. In these series, a subset 

https://www.omicsonline.org/open-access/the-neuraminidase-inhibitor-peramivir-ameliorates-myocarditis-induced-byinfluenza-a-h1n1pdm-virus-in-a-murine-model-2327-5073-1000201.php?aid=52268
https://www.omicsonline.org/open-access/dna-barcoding-of-human-stem-and-progenitor-cells-reveals-differences-in-clonal-dynamics-of-b-and-t-lymphoid-progeny-2155-9899-1000408.php?aid=71968
https://www.omicsonline.org/open-access/interaction-studies-of-sialic-acids-with-model-receptors-contribute-to-nanomedical-therapies-2329-6895-1000212.php?aid=50459
https://www.omicsonline.org/open-access/is-there-an-association-between-the-h1n1-influenza-pandemic-vaccination-and-the-manifestation-of-narcolepsy-2157-7560-1000280.php?aid=53328#5
https://www.rroij.com/open-access/quantum-information-processing-model-explains-early-and-recent-genome-repair-mechanisms-.php?aid=76388
https://www.omicsonline.org/open-access/computational-approach-to-identify-the-major-histocompatibility-complex-binding-antigenic-peptides-from-ascariasis-2153-0602-1000198.php?aid=73272
http://www.medicinenet.com/lungs_design_and_purpose/article.htm
http://www.medicinenet.com/sneezing/symptoms.htm
http://www.medicinenet.com/chronic_cough/article.htm
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of patients (both children and adults) developed a newly 

described entity termed “acute necrotizing 

encephalopathy” (ANE).
[21]

 Many patients with this 

syndrome present with high fever, seizures, and 

alterations in mental status that rapidly progress to coma. 

Brain imaging often demonstrates symmetric white 

matter, thalamic, basal ganglia, and/or pontine 

involvement. Neuropathological studies on autopsy 

tissue show necrosis in these areas, and the lesions are 

often associated with punctate hemorrhages. Permanent 

and severe disability or death often result. ANE has been 

associated with several viruses, but influenza viruses 

seem to be the most common infectious agent.
[21]

 

Another neurologic manifestations of influenza known to 

occur includes acute disseminated encephalomyelitis 

(ADEM). 

 

The pathogenesis of neurological complications is not 

well understood and has not been elucidated so far. It is 

most likely caused by a para- or post- infectious immune 

mediated mechanisms rather than direct viral invasion of 

the brain and the spinal cord.
[22] 

 

This mechanism is well supported by several 

observations including absence of the virus RNA in the 

CSF. Another hypothesis is the correlation of the severity 

of some neurological complications with the 

concentration of pro-inflammatory cytokines. These 

cytokines can induce vascular endothelial injury, 

increase blood-brain barrier permeability, induce 

apoptosis of cells (both neurons and glia) and cause acute 

edema and necrosis involving both grey and white 

matter. The last observation is the occurrence of several 

cases of ADEM which is a well-known autoimmune 

demyelinating disease.
[23]

 

 

Influenza virus is also associated with various psychiatric 

disorders. There are case reports of acute psychosis 

following influenza infection.
[24] 

The acute 

manifestations of swine flu are simply the behavioral 

reactions, misdiagnosis/over-treatment and other acute 

neurological manifestations. In a nationwide cross-

sectional telephonic survey of 997 adult citizens of 

England, Scotland, and Wales after swine flu was 

declared as pandemic, a study group
[25] 

found significant 

behavioral changes (as precautionary measures) such as 

following „some recommended behavior‟ (increases in 

hand washing and surface cleaning or plans made with a 

“flu friend”) in about 38% of participants over the past 

four days, and nearly 5% carried out „some avoidance 

behavior‟ (engaged in one or more of six behaviors such 

as avoiding large crowds or public transport). These 

behavioral changes were correlated with a high level of 

anxiety. There is a report of misdiagnosis at the height of 

the fear of the swine flu pandemic even for a case of sore 

throat and prescribed unnecessary oseltamivir by health 

professionals. There is a report of bizarre 

neuropsychiatric behavioral changes in one adolescent 

with novel H1N1.
[26] 

 

Depression 

A retrospective Australian study with participation of 

2514 adolescents/young adults reported an increased 

prevalence of suicidal and depressive symptoms in 

people who were born during flu peak in the Southern 

hemisphere, in comparison with those born in the 

Northern hemisphere,
[27]

 but a prospective study by 

influenza antibody titer disapproved this correlation. 

 

Mania 

A case of mania induced by influenza B infection has 

been reported with hypothesis of connection between the 

locus ceruleus and influenza virus.
[28] 

Another study in 

Europe also reported a manic psychosis in influenza. 

 

Bipolar disorder 

In comparison with bipolar disorder, a case-control study 

found that the risk of occurrence of uniploar affective 

disorders is increased in people who were exposed to an 

influenza epidemic during the second trimester which 

supports the neuro-developmental hypothesis of affective 

disorder.
[29] 

 

Parkinson's disease 

The earlier linkage of Parkinsonism with influenza 

infection was reported after the 1918 influenza pandemic 

with observation that a number of people showed 

diminished mobility and other neurological symptoms 

suggestive of Parkinson's disease (PD). Subsequent 

evidence is also available for this linkage from 

epidemiological data and findings of the presence of 

Type A influenza antigens in Encephalitis 

lethargica (EL) patients. The lack of viral RNA from 

brains of post-encephalic Parkinsonian patients
[30]

 and 

the absence of any known mutations of direct 

infection
[31]

 are the major drawbacks in the 

understanding the role of influenza as a Parkinsonian 

agent. 

 

In a recently published animal study
[32]

 elevated levels of 

alpha-synuclein, loss of 17% dopaminergic neurons in 

the substantia nigra and persistent inflammation in areas 

of the brain infected with H5N1 influenza strain have 

been reported. All experimental mice developed tremors 

and movement difficulties suggestive of PD. However, 

there is no report of PD in human survivors of the H5N1 

flu so far and it is too early to know whether those 

infected are at an increased risk as only a few years have 

passed since the report of the first cases. Researchers 

also acknowledge that 70% or more loss of dopaminergic 

neurons is required for full-blown PD to manifest and the 

observed 17% reduction in dopaminergic neurons alone 

may not be sufficient to cause PD, but it may make the 

brain more susceptible, especially in combination with 

other factors such as genetic, other environmental 

triggers, or simply old age. 

 

Schizophrenia 

A British study
[33] 

first reported “mental disturbances” in 

80 patients of influenza admitted in a psychiatric 
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hospital, of whom 16 were diagnosed with delirium, 25 

with dementia praecox, 23 with “other types of 

psychosis,” and 16 who could not be classified. He 

considered that the Spanish pandemic of influenza 

(1918) could have led to the development of dementia 

praecox, but neither he nor his contemporaries raised the 

possibility of influenza as an etiological agent for 

schizophrenia that could occur in utero. 

 

In subsequent studies, a high prevalence of schizophrenia 

was documented in children born in winter and early 

spring that witness influenza infections.
[34]

 

Approximately 50% of studies have reported positive 

associations among 25 incidence studies of 

schizophrenia in the offspring of women who were 

thought to have contracted influenza during 

pregnancy.
[35] 

The reliability of the documentation of 

exposure about maternal influenza in these studies are 

questionable as it is generally based on self-reports of 

participants or on occurrences of influenza epidemics 

contemporaneous with their pregnancies. To counter this 

problem, an American study
[36] 

analyzed influenza 

antibodies in a case-control study in a population-based 

birth cohort (in sera drawn from pregnant women whose 

children later developed schizophrenia, and compared 

with a matched control group of women whose children 

did not develop schizophrenia) and found a dramatic 

sevenfold increase in the risk of schizophrenia among the 

offspring of women who were exposed to influenza 

during their first trimester of pregnancy, but not during 

the second and third trimester. The data collected from 

actually infected pregnant women in two studies have 

found no increase in risk of schizophrenia among their 

children Polymerase chain reaction-based studies in 

pregnant women have not detected influenza virus-

specific nucleic acid sequences in brain tissue or CSF.
[37]

 

These evidences along with indirect evidence from 

animal studies suggest that human influenza viruses may 

have caused inherent immunological distortions in 

mind.
[38] 

 

Dementia and mental retardation 

An Asian study
[39]

 reported a case of progressive 

dementia and prolonged gait disturbance after initial 

presentation of delirium correlated with serologically 

confirmed influenza A/H3N2 infection in a 91-year-old 

female patient. Increased risk of mental retardation (MR) 

was observed in adulthood in children of prenatal 

exposure to Hong Kong flu
[40]

 during the winter of 1969-

70 especially in third to fourth month of gestation. 

 

EFFECTS OF ANTIVIRAL TREATMENT 

Oseltamivir, a neuraminidase inhibitor, is the most 

commonly used and generally well tolerated medication 

for swine flu worldwide and encouraging results have 

been observed if treated within 48 hours of detection. 

Oseltamivir (Tamiflu) is effective for treating both 

seasonal flu and H1N1 infection. Use of Oseltamivir has 

increased since the influenza A (H1N1) 

epidemic.
[41,42]

 With the increased use of oseltamivir, 

psychiatric symptoms have been reported as side effects. 

 

Between 1999 and 2007, a total of 480 million patients 

worldwide were administered oseltamivir, and 

psychiatric side effect surveys were conducted and it was 

found that in Japan 2,772, the United States 190, and in 

other countries 89 patients suffered from psychiatric 

illness.
[43] 

 

Psychiatric side effects were more common in infants 

and children aged 16 years or younger than in adults 

(2,218 children vs. 833 adults),
[44] 

and generally occurred 

within 48 hours of receiving oseltamivir.
[45,46] 

 

Behavioral problems such as jumping and falling from 

balconies has been reported in young Japanese patients 

treated with oseltamivir
[47]

 that lead authorities to issue 

warning against the prescription of oseltamivir. A case of 

oseltamivir-induced mania was reported in an 18-year-

old Chinese lady who was admitted for H1N1 in Hong 

Kong with family history of bipolar disorder. There is 

also a report of oseltamivir-induced delirium in a 

geriatric patient.
[48] 

In an internet-based cross-sectional 

survey,
[49]

 18% of oseltamivir-treated H1N1 UK 

schoolchildren had mild neuropsychiatric side-effects 

and reported one or more following symptoms: poor 

concentration/unable to think clearly, problems in 

sleeping, feeling dazed/confused, bad 

dreams/nightmares, and behaving strangely. 

 

In post-marketing surveillance of tamiflu, the following 

transient neuropsychiatric adverse effects were reported 

mainly from Japan: delusions, hallucinations, sleep 

problems, abnormal behavior leading to injury, 

convulsions, encephalitis and delirium to suicide (mainly 

documented in teenagers). US Food and Drug 

Administration (FDA) suggested that the increased 

reports of neuropsychiatric events in Japanese children 

are most likely related to an increased awareness of 

influenza-associated encephalopathy, increased access to 

Tamiflu in that population, and a coincident period of 

intensive monitoring of adverse events. These prompted 

the inclusion of precautions to the US product label for 

oseltamivir.
[50] 

 

A retrospective cohort study
[50]

 funded by Roche (who 

make Tamiflu) noted a higher rate of episodic mood 

disorders among those aged 17 years and below 

receiving oseltamivir compared to those who received no 

antiviral treatment. 

 

There are many etiological mechanisms are proposed for 

neuropsychiatric side-effects of oseltamivir. A study 

hypothesized that oseltamivir carboxylase, the main 

metabolite of oseltamivir, has an effect on the CNS with 

a role in CNS development and impulse conduction. It 

was also found that oseltamivir increases the release of 

dopamine in the medial prefrontal cortex and may be the 

cause of abnormal behavior in young patients.
[51] 
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Another mechanism is that oseltamivir is generally 

prescribed in combination with nonsteroidal anti-

inflammatory drugs (NSAIDs) or antihistamine agents. 

The effect of interactions between oseltamivir and these 

agents on the central nervous system is poorly 

understood. The oseltamivir metabolite changes as it 

interacts with other drugs and may affect the central 

nervous system.
[52,53] 

 

Psychiatric side effects of oseltamivir have been reported 

more frequently in Japan than in the United States and 

Europe.
[47]

 This may be explained by the extensive use of 

oseltamivir during the influenza pandemic in Japan; 

however, genetic features associated with ethnicity or 

geographic factors may also contribute to the higher 

incidence of psychiatric symptoms. 

 

The genetic mechanism in the Japanese population may 

be responsible for the neuropsychiatric side-effects with 

oseltamivir including suicide. Clinicians are asked to 

closely monitor this potential side-effect of suicide in 

every patient, especially with a positive family or 

personal history of mental illness. 

 

Controversy exists regarding whether neuropsychiatric 

manifestations are a result of influenza per se or side-

effects of oseltamivir. A retrospective cohort study of 

influenza in 1 to 21 years from USA found that there was 

no evidence of increased risk of adverse neuropsychiatric 

outcomes among the study population treated with 

oseltamivir for influenza.
[50] 

 

Although several studies have demonstrated that 

oseltamivir induces psychiatric symptoms, this issue 

remains under debate. Further study of the mechanisms 

underlying the psychiatric side effects of the drug is 

needed. In the meantime, close observation and follow-

up are recommended when oseltamivir is administered 

for the treatment of influenza. 

 

Effect of vaccination on neuropsychiatric 

manifestation of influenza virus 

There are insufficient details in the published reports 

about neurological complications related to influenza A 

(H1N1) infection or vaccination. As it is reported, the 

vaccine of influenza virus itself may promote an 

exacerbated peripheral inflammatory response,
[54]

 the 

extension of which may be modulated by individual 

biological factors, that is, age, sex, and genetic 

background. Furthermore, an increased systemic or 

peripheral inflammatory response may promote 

neuroinflammation, which may underlie the neurological 

symptoms.
[55] 

 

In this regard, the severity of brain dysfunction even in 

cases with non-clinical neurological findings may be 

correlated with high levels of pro-inflammatory 

cytokines in blood and CSF (cytokine storm).
[56] 

However, in some cases of CNS involvement, no 

cytokine storm or tissue inflammatory infiltrate has been 

found.
[57] 

It is also possible that both the viral infection 

and the vaccination promote blood–brain barrier (BBB) 

dysfunction,
[58]

 producing neuro-inflammation and 

neurological disorders. With respect to neurological 

diseases related to the infection, it is important to 

consider the higher prevalence of encephalopathy or 

encephalitis in the pediatric population. The size of the 

influenza viral particle may prevent it from crossing the 

barrier in adults, but an immature BBB may be prone to 

virus invasion.
[59] 

 

There are many reports of GBS identical to the subacute 

and chronic forms of polyradiculoneuropathy (very 

rarely) and subclinical myelopathies (a very few cases 

of) following vaccination for influenza. Among all these, 

GBS is a highly controversial side-effect in view of 

earlier reports of GBS due to influenza infection itself. 

 

Probably for the first time, occurrence of GBS with 

vaccine for influenza outbreak was reported in 1976 

during a large-scale immunization campaign in New 

Jersey, USA which led to a cessation of this mass 

immunization. An estimate suggests that there was a risk 

of one additional case of GBS per 100,000 people 

vaccinated for influenza in comparison with background 

prevalence of GBS of 1–2·3 per 100,000 in the general 

population. „Lancet Neurology
[60]

 observes that the 

chances of detecting cases of GBS during the 

development phase are low since the number of 

participants in most clinical trials of vaccines against 

H1N1 is unlikely to exceed 1500. In view of reports of 

mass vaccination in this swine flu pandemic, the timely 

reporting and analysis of any neurological complications 

during the immunization period will be essential. 

 

However, preliminary data from CDC
[4] 

(1 October- 24 

November 2009) suggests that there are no substantial 

differences noted between H1N1 and seasonal influenza 

vaccines in the proportion or types of serious adverse 

events reported after FDA gave license for H1N1 

vaccines on 15 September 2009. In light of the H1N1 

pandemic, the WHO recommends continuation of 

surveillance of acute flaccid paralysis that may represent 

a useful means of monitoring GBS during the pandemic. 

In view of controversy of whether GBS is a part of 

influenza, or a side-effect of influenza vaccination and 

absence of clear evidence for either, WHO recommended 

collaborative active surveillance for GBS during 

immunization which might give better insight about the 

controversial etiology of GBS. 

 

The evidences for the involvement of the brain in the 

pathogenesis of influenza virus are available from animal 

studies. A study of the immunization of rabbits with 

certain H1N1 influenza viruses led to production of 

autoantibodies to a brain-specific protein of 37kDa, 

present in various species including humans These 

autoantibodies were produced only in the brain and not 

in other tissues. These antibodies were not elicited by 

other Influenza A or B viruses. In histological studies, 



www.ejbps.com 

Kaur et al.                                                                       European Journal of Biomedical and Pharmaceutical Sciences 

 

 

 

147 

 

the reaction with antiviral antisera was specific to gray 

matter and was confined to sera that recognized the 37-

kDa protein. The binding of the antibody was prominent 

in regions comprising neuronal cell bodies in cellular 

layers of the dentate gyrus, hippocampus, cerebral 

cortex, and cerebellum and not detectable in myelin-rich 

regions, such as the corpus callosum. The 37-kDa 

protein, therefore, appears to be a neuronal antigen. 

Antibodies directed against this protein may be involved 

in the pathogenesis of one or more of the 

neuropsychiatric disorders that occur after infection with 

influenza.
[61] 

 

There are well-documented acute neuropsychiatric 

manifestations of influenza and swine flu like 

encephalitis/encephalopathy, seizures, transverse 

myelitis, aseptic meningitis, and GBS. Among the 

chronic manifestations of influenza, the evidence for 

schizophrenia and PD require further scientific data. 

Suicide and GBS are the two controversial 

neuropsychiatric side-effects of antiviral drug oseltamivir 

and influenza vaccination respectively, undergoing post-

marketing surveillance. 

 

Thus the neuropsychiatric manifestations implicated with 

the infection of influenza/swine flu, the relation between 

swine flu and neuropsychiatry, especially the chronic 

manifestations need to be explored further. 
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