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1918 flu Pandemic






The 1918 flu pandemic (January 1918 – December 1920) was an unusually deadly influenza pandemic, the first of the two pandemics involving H1N1 influenza virus.[1] It infected 500 million people across the world,[2] including remote Pacific islands and the Arctic, and resulted in the deaths of 50 to 100 million (three to five percent of the world's population[3]), making it one of the deadliest natural disasters in human history.[4][5][6] Disease had already greatly limited life expectancy in the early 20th century. A considerable spike occurred at the time of the pandemic, specifically the year 1918. Life expectancy in the United States alone dropped by about 12 years.[7][8][9][10]

Most influenza outbreaks disproportionately kill juvenile, elderly, or already weakened patients; in contrast, the 1918 pandemic predominantly killed previously healthy young adults.

There are several possible explanations for the high mortality rate of the 1918 influenza pandemic. Some research suggests that the specific variant of the virus had an unusually aggressive nature. One group of researchers recovered the original virus from the bodies of frozen victims, and found that transfection in animals caused a rapid progressive respiratory failure and death through a cytokine storm (overreaction of the body's immune system). It was then postulated that the strong immune reactions of young adults ravaged the body, whereas the weaker immune systems of children and middle-aged adults resulted in fewer deaths among those groups.[11]

More recent investigations, mainly based on original medical reports from the period of the pandemic,[12][13] found that the viral infection itself was not more aggressive than any previous influenza, but that the special circumstances (malnourishment, overcrowded medical camps and hospitals, poor hygiene) promoted bacterial superinfection that killed most of the victims typically after a somewhat prolonged death bed.[14][15]

Historical and epidemiological data are inadequate to identify the pandemic's geographic origin.[2] It was implicated in the outbreak of encephalitis lethargica in the 1920s.[16]

To maintain morale, wartime censors minimized early reports of illness and mortality in Germany, the United Kingdom, France, and the United States.[17][18] However, papers were free to report the epidemic's effects in neutral Spain (such as the grave illness of King Alfonso XIII[image: External link]).[19] This reporting dichotomy created a false impression of Spain as especially hard hit,[20] thereby giving rise to the pandemic's nickname, Spanish Flu.[21] In Spain, a different nickname was adopted, the Naples Soldier (Soldado de Nápoles), which came from a musical operetta (zarzuela) titled La canción del olvido (The Song of Forgetting), which premiered in Madrid during the first epidemic wave. Federico Romero, one of the librettists, quipped that the play's most popular musical number, Naples Soldier, was as catchy as the flu.[22]
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The site of the very first confirmed outbreak was at Camp Funston, Fort Riley, Kansas, then a military training facility preparing American troops for involvement in World War I. The first victim diagnosed with the new strain of flu on Monday, March 11, 1918, was mess cook Private Albert Gitchell.[23][24] Historian Alfred W. Crosby recorded that the flu originated in Kansas,[25] and popular writer John Barry[image: External link] echoed Crosby in describing Haskell County, Kansas, as the point of origin.[26]

In contrast, investigative work in 1999 by a British team led by virologist John Oxford[27] of St Bartholomew's Hospital and the Royal London Hospital identified the major troop staging and hospital camp in Étaples, France, as being the center of the 1918 flu pandemic. These researchers postulated that a significant precursor virus, harbored in birds, mutated to pigs that were kept near the front.[28]

Earlier hypotheses of the epidemic's origin have varied. Some hypothesized the flu originated in East Asia.[29][30] Dr. C. Hannoun, leading expert of the 1918 flu for the Institut Pasteur, asserted the former virus was likely to have come from China, mutating in the United States near Boston and spreading to Brest, France[image: External link], Europe's battlefields, Europe, and the world using Allied soldiers and sailors as main spreaders.[31] He considered several other hypotheses of origin, such as Spain, Kansas, and Brest, as being possible, but not likely.

Political scientist Andrew Price-Smith published data from the Austrian archives suggesting the influenza had earlier origins, beginning in Austria in the spring of 1917.[32]

In 2014, historian Mark Humphries of Canada's Memorial University of Newfoundland stated that newly unearthed records confirmed that one of the side stories of the war, the mobilization of 96,000 Chinese laborers to work behind the British and French lines on World War I's western front, might have been the source of the pandemic. In the report, Humphries found archival evidence that a respiratory illness that struck northern China in November 1917 was identified a year later by Chinese health officials as identical to the Spanish flu.[33][34] However, a report published in 2016 in the Journal of the Chinese Medical Association found no evidence that the 1918 virus was imported to Europe from Chinese and Southeast Asian soldiers and workers. In fact, it found evidence that the virus had been circulating in the European armies for months and potentially years before the 1918 pandemic.[35]
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When an infected person sneezes or coughs, more than half a million virus particles can be spread to those close by.[36] The close quarters and massive troop movements of World War I hastened the pandemic, and probably both increased transmission and augmented mutation; the war may also have increased the lethality of the virus. Some speculate the soldiers' immune systems were weakened by malnourishment, as well as the stresses of combat and chemical attacks, increasing their susceptibility.[37]

A large factor in the worldwide occurrence of this flu was increased travel. Modern transportation systems made it easier for soldiers, sailors, and civilian travelers to spread the disease.[38]

In the United States, the disease was first observed in Haskell County, Kansas, in January 1918, prompting local doctor Loring Miner to warn the U.S. Public Health Service's academic journal. On 4 March 1918, company cook Albert Gitchell reported sick at Fort Riley, Kansas. By noon on 11 March 1918, over 100 soldiers were in the hospital.[39] Within days, 522 men at the camp had reported sick.[40] By 11 March 1918, the virus had reached Queens[image: External link], New York.[41] Failure to take preventative measures in March/April was later criticised.[5]

In August 1918, a more virulent strain appeared simultaneously in Brest[image: External link], France; in Freetown, Sierra Leone; and in the U.S. in Boston, Massachusetts.The Spanish Flu also spread through Ireland, carried there by returning Irish soldiers. The Allies of World War I came to call it the Spanish flu, primarily because the pandemic received greater press attention after it moved from France to Spain in November 1918. Spain was not involved in the war and had not imposed wartime censorship.[42]
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The global mortality rate[image: External link] from the 1918/1919 pandemic is not known, but an estimated 10% to 20% of those who were infected died. With about a third of the world population infected, this case-fatality ratio means 3% to 6% of the entire global population died.[2] Influenza may have killed as many as 25 million people in its first 25 weeks. Older estimates say it killed 40–50 million people,[4] while current estimates say 50–100 million people worldwide were killed.[45]

This pandemic has been described as "the greatest medical holocaust in history" and may have killed more people than the Black Death.[46] It is said that this flu killed more people in 24 weeks than AIDS killed in 24 years, and more in a year than the Black Death killed in a century.[11]

The disease killed in every corner of the globe. As many as 17 million died in India, about 5% of the population.[47] The death toll in India's British-ruled districts alone was 13.88 million.[48]

In Japan, of the 23 million people who were affected, 390,000 died.[49] In the Dutch East Indies (now Indonesia[image: External link]), 1.5 million were assumed to have died among 30 million inhabitants.[50] In Tahiti 13% of the population died during only a month. Similarly, in Samoa 22% of the population of 38,000 died within two months.[51]

In the U.S., about 28% of the population became infected, and 500,000 to 675,000 died.[52] Native American tribes were particularly hard hit. In the Four Corners area alone, 3,293 deaths were registered among Native Americans.[53] Entire village communities perished in Alaska.[54] In Canada 50,000 died.[55] In Brazil 300,000 died, including president Rodrigues Alves.[56] In Britain, as many as 250,000 died; in France, more than 400,000.[57] In West Africa an influenza epidemic killed at least 100,000 people in Ghana[image: External link].[58] Tafari Makonnen (the future Haile Selassie, Emperor of Ethiopia) was one of the first Ethiopians who contracted influenza but survived,[59][60] although many of his family's subjects did not; estimates for the fatalities in the capital city, Addis Ababa, range from 5,000 to 10,000, or higher.[61] In British Somaliland one official estimated that 7% of the native population died.[62]

This huge death toll was caused by an extremely high infection rate of up to 50% and the extreme severity of the symptoms, suspected to be caused by cytokine storms.[4] Symptoms in 1918 were so unusual that initially influenza was misdiagnosed as dengue, cholera, or typhoid. One observer wrote, "One of the most striking of the complications was hemorrhage from mucous membranes, especially from the nose, stomach, and intestine. Bleeding from the ears and petechial hemorrhages in the skin also occurred".[45] The majority of deaths were from bacterial pneumonia,[63][64] a common secondary infection associated with influenza, but the virus also killed people directly, by causing massive hemorrhages and edema in the lung.[64]

The unusually severe disease killed up to 20% of those infected, as opposed to the usual flu epidemic mortality rate[image: External link] of 0.1%.[2][45]
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An unusual feature of this pandemic was that it mostly killed young adults. In 1918–1919, 99% of pandemic influenza deaths in the US occurred in people under 65, and nearly half in young adults 20 to 40 years old. In 1920 the mortality rate among people under 65 had decreased six-fold to half the mortality rate of people over 65, but still 92% of deaths occurred in people under 65.[65] This is noteworthy, since influenza is normally most deadly to weak individuals, such as infants (under age two), the very old (over age 70), and the immunocompromised. In 1918, older adults may have had partial protection caused by exposure to the 1889–1890 flu pandemic, known as the Russian flu.[66] According to historian John M. Barry, the most vulnerable of all – "those most likely, of the most likely", to die – were pregnant women. He reported that in thirteen studies of hospitalized women in the pandemic, the death rate ranged from 23% to 71%.[67] Of the pregnant women who survived childbirth, over one-quarter (26%) lost the child.[68]

Another oddity was that the outbreak was widespread in the summer and autumn (in the Northern Hemisphere); influenza is usually worse in winter.[69]

Modern analysis has shown the virus to be particularly deadly because it triggers a cytokine storm, which ravages the stronger immune system of young adults.[26]

In fast-progressing cases, mortality was primarily from pneumonia, by virus-induced pulmonary consolidation. Slower-progressing cases featured secondary bacterial pneumonias, and there may have been neural involvement that led to mental disorders in some cases. Some deaths resulted from malnourishment.

A study – conducted by He et al. – used a mechanistic modelling approach to study the three waves of the 1918 influenza pandemic. They tried to study the factors that underlie variability in temporal patterns, and the patterns of mortality and morbidity. Their analysis suggests that temporal variations in transmission rate provide the best explanation and the variation in transmission required to generate these three waves is within biologically plausible values.[70]

Another study by He et al. used a simple epidemic model, to incorporate three factors including: school opening and closing, temperature changes over the course of the outbreak, and human behavioral changes in response to the outbreak to infer the cause of the three waves of the 1918 influenza pandemic. Their modelling results showed that all three factors are important but human behavioral responses showed the largest effects.[71]
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The second wave of the 1918 pandemic was much deadlier than the first. The first wave had resembled typical flu epidemics; those most at risk were the sick and elderly, while younger, healthier people recovered easily. But in August, when the second wave began in France, Sierra Leone and the United States,[72] the virus had mutated to a much deadlier form.

This increased severity has been attributed to the circumstances of the First World War.[73] In civilian life, natural selection favours a mild strain. Those who get very ill stay home, and those mildly ill continue with their lives, preferentially spreading the mild strain. In the trenches, natural selection was reversed. Soldiers with a mild strain stayed where they were, while the severely ill were sent on crowded trains to crowded field hospitals, spreading the deadlier virus. The second wave began and the flu quickly spread around the world again. Consequently, during modern pandemics health officials pay attention when the virus reaches places with social upheaval (looking for deadlier strains of the virus).[74]

The fact that most of those who recovered from first-wave infections were now immune showed that it must have been the same strain of flu. This was most dramatically illustrated in Copenhagen, which escaped with a combined mortality rate of just 0.29% (0.02% in the first wave and 0.27% in the second wave) because of exposure to the less-lethal first wave.[75] On the rest of the population it was far more deadly now; the most vulnerable people were those like the soldiers in the trenches – young previously healthy adults.[76]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Devastated communities




Even in areas where mortality was low, so many were incapacitated that much of everyday life was hampered. Some communities closed all stores or required customers to leave orders outside. There were reports that the health-care workers could not tend the sick nor the gravediggers bury the dead because they too were ill. Mass graves were dug by steam shovel and bodies buried without coffins in many places.[77]

Several Pacific island territories were particularly hard-hit. The pandemic reached them from New Zealand, which was too slow to implement measures to prevent ships carrying the flu from leaving its ports. From New Zealand, the flu reached Tonga (killing 8% of the population), Nauru (16%) and Fiji[image: External link] (5%, 9,000 people).[78]

Worst affected was German Samoa, today the independent state of Samoa, which had been occupied by New Zealand in 1914. A crippling 90% of the population was infected; 30% of adult men, 22% of adult women and 10% of children died. By contrast, the flu was kept away from American Samoa when Governor[image: External link] John Martin Poyer imposed a blockade.[78] In New Zealand itself, 8,573 deaths were attributed to the 1918 pandemic influenza, resulting in a total population fatality rate of 0.74%.[79] In Ireland, the Spanish Flu accounted for 10% of the total deaths in 1918 which can be seen as quite detrimental considering World War 1 was still occurring.
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In Japan, 257,363 deaths were attributed to influenza by July 1919, giving an estimated 0.425% mortality rate, much lower than nearly all other Asian countries for which data are available. The Japanese government severely restricted maritime travel to and from the home islands when the pandemic struck.

In the Pacific, American Samoa[80] and the French colony of New Caledonia[81] also succeeded in preventing even a single death from influenza through effective quarantines. In Australia, nearly 12,000 perished.[82]

By the end of the pandemic, the isolated island of Marajó, in Brazil's Amazon River Delta had not reported an outbreak.[83]
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In a 2009 paper published in the journal Clinical Infectious Diseases, Karen Starko proposed that aspirin poisoning had contributed substantially to the fatalities. She based this on the reported symptoms in those dying from the flu, as reported in the post mortem reports still available, and also the timing of the big "death spike" in October 1918 which happened right after the Surgeon General of the United States Army, and the Journal of the American Medical Association both recommended very large doses of 8.0–31.2 g of aspirin per day.[84] Starko also suggests that the wave of aspirin poisonings was due to a "perfect storm" of events: Bayer's patent on aspirin expired, so that many companies rushed in to make a profit and greatly increased the supply; this coincided with the flu pandemic; and the symptoms of aspirin poisoning were not known at the time.[84]

As an explanation for the universally high mortality rate, this hypothesis was questioned in a letter to the journal published in April 2010 by Andrew Noymer and Daisy Carreon of the University of California, Irvine, and Niall Johnson of the Australian Commission on Safety and Quality in Health Care. They questioned this universal applicability given the high mortality rate in countries such as India, where there was little or no access to aspirin at the time.[85] They concluded that "the salicylate [aspirin] poisoning hypothesis [was] difficult to sustain as the primary explanation for the unusual virulence of the 1918–1919 inﬂuenza pandemic".[85]

But they overlooked that inexpensive aspirin had become available in India and other places after October 1918, when the Bayer patent expired. In responding, Starko pointed to anecdotal evidence of aspirin over-prescription in India and argued that even if aspirin over-prescription had not contributed to the high Indian mortality rate, it could still have been a major factor for other high rates in areas where other exacerbating factors present in India played less of a role.[86]
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After the lethal second wave struck in late 1918, new cases dropped abruptly – almost to nothing after the peak in the second wave.[11] In Philadelphia, for example, 4,597 people died in the week ending 16 October, but by 11 November, influenza had almost disappeared from the city. One explanation for the rapid decline of the lethality of the disease is that doctors simply got better at preventing and treating the pneumonia that developed after the victims had contracted the virus, although John Barry stated in his book that researchers have found no evidence to support this.[26]

Another theory holds that the 1918 virus mutated extremely rapidly to a less lethal strain. This is a common occurrence with influenza viruses: there is a tendency for pathogenic viruses to become less lethal with time, as the hosts of more dangerous strains tend to die out[26] (see also "Deadly Second Wave"[image: External link], above).
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See also: List of 1918 flu pandemic cases


Academic Andrew Price-Smith has made the argument that the virus helped tip the balance of power in the later days of the war towards the Allied cause. He provides data that the viral waves hit the Central Powers before they hit the Allied powers, and that both morbidity and mortality[image: External link] in Germany and Austria were considerably higher than in Britain and France.[32]

In the United States, Britain and other countries, despite the relatively high morbidity and mortality rates that resulted from the epidemic in 1918–1919, the Spanish flu began to fade from public awareness over the decades until the arrival of news about bird flu and other pandemics in the 1990s and 2000s.[87] This has led some historians to label the Spanish flu a "forgotten pandemic".[25]

Various theories of why the Spanish flu was "forgotten" include the rapid pace of the pandemic, which killed most of its victims in the United States, for example, within a period of less than nine months, resulting in limited media coverage. The general population was familiar with patterns of pandemic disease in the late 19th and early 20th centuries: typhoid, yellow fever, diphtheria, and cholera all occurred near the same time. These outbreaks probably lessened the significance of the influenza pandemic for the public.[88] In some areas, the flu was not reported on, the only mention being that of advertisements for medicines claiming to cure it.[89]

In addition, the outbreak coincided with the deaths and media focus on the First World War.[90] Another explanation involves the age group affected by the disease. The majority of fatalities, from both the war and the epidemic, were among young adults. The deaths caused by the flu may have been overlooked due to the large numbers of deaths of young men in the war or as a result of injuries. When people read the obituaries, they saw the war or postwar deaths and the deaths from the influenza side by side. Particularly in Europe, where the war's toll was extremely high, the flu may not have had a great, separate, psychological impact, or may have seemed a mere extension of the war's tragedies.[65]

The duration of the pandemic and the war could have also played a role. The disease would usually only affect a certain area for a month before leaving, while the war, which most had initially expected to end quickly, had lasted for four years by the time the pandemic struck. This left little time for the disease to have a significant impact on the economy.

Regarding global economic effects, many businesses in the entertainment and service industries suffered losses in revenue, while the health care industry reported profit gains.[91]

Historian Nancy Bristow has argued that the pandemic, when combined with the increasing number of women attending college, contributed to the success of women in the field of nursing. This was due in part to the failure of medical doctors, who were predominantly men, to contain and prevent the illness. Nursing staff, who were predominantly women, felt more inclined to celebrate the success of their patient care and less inclined to identify the spread of the disease with their own work.[92]

In Spain, sources from the period explicitly linked the Spanish flu to the cultural figure of Don Juan. The nickname for the flu, the "Naples Soldier," was adopted from Federico Romero and Guillermo Fernández Shaw's operetta, The Song of Forgetting (La canción del olvido), the protagonist of which is a stock Don Juan type. Davis has argued the Spanish flu-Don Juan connection served a cognitive function, allowing Spaniards to make sense of their epidemic experience by interpreting it through a familiar template—the Don Juan story.[93]
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Main article: Spanish flu research


The origin of the Spanish flu pandemic, and the relationship between the near-simultaneous outbreaks in humans and swine, have been controversial. One hypothesis is that the virus strain originated at Fort Riley, Kansas, in viruses in poultry and swine which the fort bred for food; the soldiers were then sent from Fort Riley around the world, where they spread the disease.[94] Similarities between a reconstruction of the virus and avian viruses, combined with the human pandemic preceding the first reports of influenza in swine, led researchers to conclude the influenza virus jumped directly from birds to humans, and swine caught the disease from humans.[95][96]

Others have disagreed,[97] and more recent research has suggested the strain may have originated in a nonhuman, mammalian species.[98] An estimated date for its appearance in mammalian hosts has been put at the period 1882–1913.[99] This ancestor virus diverged about 1913–1915 into two clades (or biological groups), which gave rise to the classical swine and human H1N1 influenza lineages. The last common ancestor of human strains dates to between February 1917 and April 1918. Because pigs are more readily infected with avian influenza viruses than are humans, they were suggested as the original recipients of the virus, passing the virus to humans sometime between 1913 and 1918.

An effort to recreate the 1918 flu strain (a subtype of avian strain H1N1) was a collaboration among the Armed Forces Institute of Pathology, the USDA ARS Southeast Poultry Research Laboratory and Mount Sinai School of Medicine in New York City[image: External link]. The effort resulted in the announcement (on 5 October 2005) that the group had successfully determined the virus's genetic sequence, using historic tissue samples recovered by pathologist Johan Hultin from a female flu victim buried in the Alaskan permafrost and samples preserved from American soldiers.[100]

On 18 January 2007, Kobasa & et al. (2007) reported that monkeys (Macaca fascicularis) infected with the recreated flu strain exhibited classic symptoms of the 1918 pandemic, and died from a cytokine storm[101]—an overreaction of the immune system. This may explain why the 1918 flu had its surprising effect on younger, healthier people, as a person with a stronger immune system would potentially have a stronger overreaction.[102]

On 16 September 2008, the body of British politician and diplomat Sir Mark Sykes was exhumed to study the RNA of the flu virus in efforts to understand the genetic structure of modern H5N1[image: External link] bird flu. Sykes had been buried in 1919 in a lead coffin which scientists hoped had helped preserve the virus.[103] However, the coffin was found to be split because of the weight of soil over it, and the cadaver was badly decomposed. Nonetheless, samples of lung and brain tissue were taken through the split, with the coffin remaining in situ in the grave during this process.[104]

In December 2008, research by Yoshihiro Kawaoka of the University of Wisconsin linked the presence of three specific genes (termed PA, PB1, and PB2) and a nucleoprotein derived from 1918 flu samples to the ability of the flu virus to invade the lungs and cause pneumonia. The combination triggered similar symptoms in animal testing.[105]

In June 2010, a team at the Mount Sinai School of Medicine reported the 2009 flu pandemic vaccine provided some cross-protection against the 1918 flu pandemic strain.[106]

One of the few things known for certain about the influenza in 1918 and for some years after was that it was, out of the laboratory, exclusively a disease of human beings.[107]

In 2013, the AIR Worldwide Research and Modeling Group "characterized the historic 1918 pandemic and estimated the effects of a similar pandemic occurring today using the AIR Pandemic Flu Model". In the model, "a modern day "Spanish flu" event would result in additional life insurance losses of between USD 15.3–27.8 billion in the United States alone" with 188,000–337,000 deaths in the United States.[108]
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 In popular culture




The 1995 film Outbreak,[109] the 2011 film Contagion and the 2013 film World War Z make reference to the pandemic.[110]

The television show Resurrection uses the pandemic, in the episode "Afflictions" that aired on November 2, 2014, as the explanation for why many of the Returned were getting sick and disappearing.

In season four of British drama Upstairs, Downstairs, Hazel Bellamy dies of Spanish flu in 1918, after her husband James Bellamy survives injuries in the "Great War" (World War I). Her funeral takes place on 11 November, the day the war ends.

In season two of British drama Downton Abbey[image: External link], Lavinia Swire dies of the Spanish flu in April 1919, after her fiancé Matthew Crawley recovers from injuries and temporary paralysis from the Great War.

Twentieth-century fiction includes at least three novels with the flu pandemic as a major theme: Katherine Anne Porter's Pale Horse, Pale Rider, Thomas Mullen's The Last Town on Earth, and Thomas Wolfe's Look Homeward, Angel.

In the one-act play 1918 by Horton Foote (part of his Orphans' Home Cycle (1979)), the presence and threat of the flu (and the tragedy it ultimately causes) is a major element of the plot. The play was made into a film of the same title, released in 1985, which was subsequently edited for broadcast by PBS as the last part of the miniseries "The Story of A Marriage".
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Fort Riley






Fort Riley is a United States Army[image: External link] installation[image: External link] located in North Central[image: External link] Kansas, on the Kansas River[image: External link], also known as the Kaw, between Junction City[image: External link] and Manhattan[image: External link]. The Fort Riley Military Reservation covers 101,733 acres (41,170 ha) in Geary[image: External link] and Riley[image: External link] counties.[1] The portion of the fort that contains housing development is part of the Fort Riley[image: External link] census-designated place[image: External link], with a residential population of 7,761 as of the 2010 census[image: External link].[2] The fort has a daytime population of nearly 25,000. The ZIP code[image: External link] is 66442.
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 Namesake




Fort Riley is named in honor of Major General[image: External link] Bennett C. Riley[image: External link] who led the first military escort along the Santa Fe Trail[image: External link]. The fort was established in 1853 as a military post to protect the movement of people and trade over the Oregon[image: External link], California[image: External link], and Santa Fe[image: External link] trails. In the years after the Civil War[image: External link], Fort Riley served as a major United States Cavalry post and school for cavalry tactics[image: External link] and practice. The post was a base for skirmishes with Native Americans[image: External link] after the Civil War ended in 1865, during which time George Custer[image: External link] was stationed at the fort.
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 United States Cavalry School




In 1887, Fort Riley became the site of the United States Cavalry School. The famous all-black 9th[image: External link] and 10th[image: External link] Cavalry Regiments, the soldiers of which were called "Buffalo Soldiers[image: External link]", were stationed at Fort Riley at various times in the 19th and early 20th centuries. During World War I, the fort was home to 50,000 soldiers, and it is sometimes identified as ground zero[image: External link] for the 1918 Spanish flu pandemic, which its soldiers were said to have spread all over the world. Since the end of World War II[image: External link], various infantry divisions have been assigned there. Most notably, from 1955–1996 the post was home to the famed Big Red One[image: External link]. Between 1999–2006, the post was headquarters to the 24th Infantry Division (Mechanized) and known as "America's Warfighting Center". In August 2006, the Big Red One relocated its headquarters to Fort Riley from Leighton Barracks, Germany[image: External link].

Camp Whitside is named in honor of Brigadier General[image: External link] Samuel M. Whitside[image: External link], who served as commander of Company B, 6th Cavalry Regiment[image: External link], at Fort Riley, between the years of 1871 and 1874.
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 Stationed units




1st Infantry Division[3]


	1st Armored Brigade Combat Team

	2nd Armored Brigade Combat Team

	1st Combat Aviation Brigade

	1st Sustainment Brigade

	Division Headquarters and Headquarters Battalion



Garrison[4]


	97th Military Police Battalion

	Headquarters and Headquarters Company, U.S. Army Garrison



Partners


	10th Air Support Operations Squadron, USAF

	407th Army Field Support Brigade

	902nd Military Intelligence Group

	Det. 2, 3rd Weather Squadron, USAF

	Irwin Army Community Hospital

	Warrior Transition Battalion

	
1st Signal Command[image: External link], inactive 1969
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 History




See also: History of Kansas[image: External link]
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 Origins




The early history of Fort Riley is closely tied to the movement of people and trade along the Oregon and Santa Fe trails. These routes, a result of then popular United States doctrine of "Manifest Destiny[image: External link]" in the middle of the 19th century, prompted increased American military presence for the protection of American interests in this largely unsettled territory. During the 1850s, a number of military posts were established at strategic points to provide protection along these arteries of emigration and commerce.

In the fall of 1852, a surveying party under the command of Captain[image: External link] Robert Chilton[image: External link], 1st U.S. Dragoons[image: External link], selected the junction of the Republican[image: External link] and Smoky Hill Rivers[image: External link] as a site for one of these forts. This location, approved by the War Department[image: External link] in January 1853, offered an advantageous location from which to organize, train and equip troops in protecting the overland trails.

Surveyors believed the location near the center of the United States and named the site, Camp Center. During the late spring, three companies of the 6th Infantry occupied the camp and began construction of temporary quarters.

On June 27, 1853, Camp Center became Fort Riley—named in honor of Maj. Gen. Bennett C. Riley[image: External link] who had led the first military escort along the Santa Fe Trail in 1829. The "fort" took shape around a broad plain that overlooked the Kansas River valley.

The fort's design followed the standard frontier post configuration: buildings were constructed of the most readily available material - in this case, native limestone.

In the spring, troops were dispatched to escort mail trains and protect travel routes across the plains. At the fort, additional buildings were constructed under the supervision of Capt. Edmund Ogden.

Anticipating greater utilization of the post, Congress[image: External link] authorized appropriations in the spring of 1855 to provide additional quarters and stables for the Dragoons. Ogden again marshaled resources and arrived from Leavenworth in July with 50 6-mule teams[5] loaded with materials, craftsmen and laborers.

Work had progressed for several weeks when cholera broke out among the workers. The epidemic lasted only a few days but claimed 70 lives, including Ogden's. Work gradually resumed and buildings were readied for the arrival in October of the 2nd Dragoons.

As the fort began to take shape, an issue soon to dominate the national scene was debated during the brief territorial legislative session which met at Pawnee in the present area of Camp Whitside, named for Col. Warren Whitside[image: External link].

The first territorial legislature met there in July 1855. Slavery was a fact of life and an issue within the garrison just as it was in the rest of the country. The seeds of sectional discord were emerging that would lead to "Bleeding Kansas[image: External link]" and, eventually, Civil War[image: External link].

Increased tension and bloodshed between pro and anti-slavery settlers resulted in the use of the Army to "police" the troubled territory. They also continued to guard and patrol the Santa Fe Trail in 1859 and 1860 due to increased Indian threats.

The outbreak of hostilities between the North and South in 1861 disrupted garrison life. Regular units returned east to participate in the Civil War while militia units from Kansas and other states used Riley as a base from which to launch campaigns to show the flag and offer a degree of protection to trading caravans using the Santa Fe Trail. In the early stages of the war, the fort was used to confine Confederate prisoners.
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 Custer




The conclusion of the Civil War in 1865 witnessed Fort Riley again assuming an importance in providing protection to railroad lines being built across Kansas. Evidence of this occurred in the summer and fall of 1866 when the 7th Cavalry Regiment[image: External link] was mustered-in at Riley and the Union Pacific Railroad[image: External link] reached the fort. Brevet Major General George A. Custer[image: External link] arrived in December to take charge of the new regiment. Soldiers from the Kansas Volunteer regiments, "Jenison's Jayhawks" that were wounded in the battle of west port were brought to Fort Riley for recovery.

The following spring, Custer and the 7th left Fort Riley to participate in a campaign on the high plains of western Kansas and eastern Colorado.

The campaign proved inconclusive but resulted in Custer's court martial and suspension from the Army for one year—in part—for returning to Fort Riley to see his wife without permission.

As the line of settlement extended westward each spring, the fort lost some of its importance. Larger concentrations of troops were stationed at Larned[image: External link] and Hays[image: External link], where they spent the summer months on patrol and wintered in garrison.

Between 1869 and 1871, a school of light artillery was conducted at Fort Riley by the 4th Artillery Battery. Instruction was of a purely practical nature, and regular classes were not conducted. Critiques were delivered during or following the exercise. This short-lived school closed in March 1871 as the War Department imposed economy measures which included cutting a private's monthly pay from $12 to $9.

During the next decade, various regiments of the infantry and cavalry were garrisoned at Riley. The spring and summer months usually witnessed a skeletal complement at the fort while the remainder of the troops were sent to Forts Hays, Wallace[image: External link], and Dodge in western Kansas. With the approach of winter, these troops returned to Riley. Regiments serving here during this time included the 5th, 6th, and 9th Cavalry and the 16th Infantry Regiment.

The lessening of hostilities with the Indian tribes of the Great Plains resulted in the closing of many frontier forts. Riley escaped this fate when Lt. Gen. Philip Sheridan recommended in his 1884 annual report to Congress to make the fort "Cavalry Headquarters of the Army."

Fort Riley was also used by state militia units for encampments and training exercises. The first such maneuver occurred in the fall of 1902 with subsequent ones held in 1903, 1904, 1906–1908 and 1911. These exercises gave added importance to the fort as a training facility and provided reserve units a valuable opportunity for sharpening their tactical skills.
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 Buffalo Soldiers




The 9th and 10th Cavalry Regiments — the famed "Buffalo Soldiers" so called by the indigenous peoples for the similarity to the short curly haired buffalo that roamed the plains — have been stationed at Fort Riley several times during their history. Shortly after their formation in 1866, the 9th Cavalry passed through here en route to permanent stations in the southwest. They returned during the early 1880s and the early part of this century before being permanently assigned as troop cadre for the Cavalry School during the 1920 and 30s.

The 10th Cavalry was stationed here in 1868 and 1913.

On the eve of World War II, the 9th and 10th Cavalry became part of the 2nd Cavalry Division, which was briefly stationed at Fort Riley.

The following two decades have been described as the golden age of the cavalry. Certainly it was in terms of refining the relationship between horse and rider. Army horsemen and the training they received at the United States Army Cavalry School[image: External link] made them among the finest mounted soldiers in the world and the School's reputation ranked with the French and Italian Cavalry Schools. Horse shows, hunts and polo matches - long popular events on Army post - were a natural outgrowth of cavalry training.

The Cavalry School Hunt was officially organized in 1921 and provided a colorful spectacle on Sunday mornings. These activities gave rise to the perception of a special quality of life at Fort Riley that came to be known as the "Life of Riley." The technological advances demonstrated on the battlefields of Europe and World War I - most notable the tank and machine gun - raised questions in the inter-war years over the future of cavalry. By the late 1920s, the War Department directed development of a tank force by the Army. This was followed by activation of the 7th Cavalry Brigade (Mechanized) at Fort Knox, Ky., in the fall of 1936 to make-up the 2nd Regiment of this brigade.

In October 1938, the 7th Cavalry Brigade (Mech.) marched from Fort Knox to Fort Riley and took part in large-scale combine maneuvers of horse and mechanized units. These exercises helped prove the effectiveness of mechanical doctrine.
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 World War I




America's entry into World War I resulted in many changes at Fort Riley. Facilities were greatly expanded, and a cantonment[image: External link] named Camp Funston was built five miles (8 km) east of the permanent post during the summer and fall of 1917. This training site was one of 16 across the country and could accommodate from 30,000 to 50,000 men.

The first division to train at Camp Funston, the 89th, sailed for France in the spring of 1918. The 10th Division also received training at Funston but the armistice came before the unit was sent overseas.

The camp was commanded by Maj. Gen. Leonard Wood[image: External link]. A Military Officers Training Camp was established in the Camp Whitside area to train doctors and other medical personnel.

Armistice Day, November 11, 1918, beckoned to a world made safe for democracy but also one that heralded a new day for the horse cavalry. The War Department directed service schools be created for all arms of service.

As a result, in 1919, the Mounted Service School, as it was known since 1907 and which had ceased to function during the war, was re-designated as the United States Army Cavalry School[image: External link]. The change was sudden and abrupt. The new school met the need for courses both broader in scope and more general in character. The Cavalry unit at camp Funston was the 2nd cavalry Regiment who provide the training and cavalry tactics to new cavalry officers. The current post headquarters was in the 1920s post hospital .
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 World War II




Gathering war clouds in Europe and Asia during the late 1930s caused some military planners to prepare for possible U. S. involvement. This led to several important developments at Fort Riley. The first was the rebuilding of Camp Funston and the stationing of the 2nd Cavalry Division there in December 1940. Barracks were built in the area known as Republican Flats and renamed Camp Forsyth. In addition, 32,000 acres (129 km²) were added to the post for training purposes. These efforts were brought into sharp focus with America’s entry into World War II.

Over the next four years, approximately 125,000 soldiers were trained at these facilities. Notable trainees included heavyweight boxing champion, Joe Louis[image: External link], Indy car driver Walt Faulkner[image: External link],and motion picture stars such as Mickey Rooney[image: External link]. The post also received a presidential visit by Franklin Roosevelt on Easter Sunday 1943.

The 9th Armored Division[image: External link] was organized here in July 1942 and after its deployment, Camp Funston was used as a German prisoner of war camp. Fort Riley had branch POW camps, a large branch Camp Phillips in Salina[image: External link], and 12 smaller branch camps in Kansas and Missouri: Council Grove[image: External link], El Dorado[image: External link], Eskridge[image: External link], Hutchinson[image: External link], Lawrence[image: External link], Neodesha[image: External link], Ottawa[image: External link], Peabody[image: External link], Wadsworth[image: External link], Grand Pass[image: External link], Lexington[image: External link], Liberty[image: External link].[6]

The arrival of victory in Europe and Japan during the spring and summer of 1945, were joyous occasions, but they also spelled new realities and directions for the Army and Fort Riley.
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 Korean War




In the aftermath of World War II, the fort experienced a period of transition. The Cavalry School ceased operation in November 1946, and the last tactical horse unit inactivated the following March. Replacing the Cavalry School was the Ground General School, which trained newly commissioned officers in basic military subjects. An officer’s candidate course was conducted along with training officers and enlisted men in intelligence techniques and methods. The 10th Mountain Division[image: External link] was activated July 1, 1948, at Fort Riley, Kansas. The 16-week basic military program conducted by this division prepared soldiers for infantry combat and duty with other infantry units.

The invasion of South Korea by North Korean forces in June 1950, once again brought attention to Fort Riley as an important training facility. Over the next few years, recruits from all over the United States came to Fort Riley and received basic training.

The 37th Infantry Division[image: External link], made up of units from the Ohio National Guard, was also stationed here during the conflict. While they were not sent overseas, their presence was a continuing reinforcement of the fort’s importance as a training post.
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 Cold War




The uneasy truce that settled on the Korean peninsula after 1953 was indicative of a cold war that had come to characterize relations between the United States and the Soviet Union. This would affect Fort Riley.

In 1955, the fort's utilization changed from training and educational center to that of being the home base for a major infantry division. In that year, the 10th Division rotated to Germany as part of “Operation Gyroscope” and was replaced by the 1st Infantry Division. Elements of the Big Red One began arriving in July 1955 and over the next four years the remaining units arrived, the last being the 2nd Battle Group, 8th Infantry, in December, 1959. The initial units occupied barracks located in Camp Funston, until new barracks were built on Custer Hill. Ultimately, the 1st Battle Group, 5th Infantry would be stationed at Funston, with the other units of the division divided between Custer Hill, Forsythe and Main post.

OPERATION LONG THRUST: Consistent with President Kennedy's August 1961 directive to augment U.S. Berlin Brigade, in 1962-1963 1st Infantry Division rotated four Infantry Battle Group Task Forces (reinforced by Big Red One Artillery & Transportation units) from Ft. Riley to West Germany from where they motor marched through communist East Germany to surrounded West Berlin. 1st Division units involved were 2nd Battle Group, 12th Infantry; 1st Battle Group, 13th Infantry; 1st Battle Group, 28th Infantry; & 2nd Battle Group, 26th Infantry. 2/12th was in Berlin during the Cuban Missile Crisis. 1/28th greeted President Kennedy on 26 June 1963, the day of his memorable "Ich bin Ein Berliner" speech.

The influx of troops and dependents placed new demands on the fort’s infrastructure. Work began on Custer Hill where new quarters, barracks and work areas were constructed. A new hospital, named in honor of Major General B. J. D. Irwin, was constructed to provide medical care.

In the decade following, 1st Infantry Division units trained to respond to any threat that might arise in Europe or other parts of the world. Construction of the Berlin Wall in 1961 and Cuban Missile Crisis the following year witnessed heightened alert for soldiers stationed at Fort Riley.

An additional 50,000 acres (200 km²) were also acquired in 1966, which enabled the Army to have an adequate training area for the division’s two brigades.
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 Vietnam




Increased guerrilla insurgency in South Vietnam during the mid-1960s, led to the deployment of the 1st Infantry Division to Southeast Asia. The leading element, the 1st Battalion, 18th Infantry, left in July 1965 with the Division Headquarters arriving in South Vietnam in September. During this same year, a provisional basic combat training brigade was organized at Fort Riley and in February 1966, the 9th Infantry Division[image: External link] was reactivated and followed the 1st Infantry Division into combat.

Fort Riley’s use as a divisional post was maintained with the arrival of the 24th Infantry Division. The division remained in Germany until September 1968, when it redeployed two brigades to Fort Riley as part of the REFORGER (Return of Forces to Germany) program. One brigade was maintained in Germany.

Following nearly five years of combat in Vietnam, the 1st Infantry Division returned to Fort Riley in April 1970 and assumed the NATO commitment. The division’s 3rd Brigade was stationed in West Germany. During the 1970s and the 1980s, 1st Infantry Division soldiers were periodically deployed on REFORGER exercises.

Reserve Officer Training Corps summer camps were also held at the fort, which permitted troops to demonstrate and teach their skills to aspiring second lieutenants. The fort also hosted the model U. S. Army Correctional Brigade, housed in Camp Funston, and the 3rd ROTC Region Headquarters until their inactivation in 1992.
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 The Gulf War




In August 1990, Iraq invaded its neighbor, Kuwait. The resulting international outcry led to the largest U.S. troop build-up and deployment overseas since the Vietnam War. In the fall of that year, Fort Riley was notified to begin mobilization of troops and equipment for deployment to the Persian Gulf. Between November 1990 and January 1991, soldiers and equipment were deployed overseas.

In addition to the 1st Infantry Division, 27 non-divisional units were deployed and twenty-four reserve components were mobilized. This amounted to 15,180 soldiers being sent overseas via 115 aircraft. Over 2,000 rail cars transported 3,000 short tons of equipment which were then shipped to theater on 18 vessels.

Once in theater, the soldiers and equipment were readied for combat. This commenced in late February 1991, and over the course of the ‘hundred hours’ combat of Operation Desert Storm, these soldiers carried out their orders and executed their missions that resulted in the crushing of Saddam Hussein’s Republican Guards. Later that spring, the soldiers returned to Fort Riley.
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 The 1990s and beyond




Following Operation Desert Storm, the 1st Infantry Division returned to Fort Riley. But the winds of change were once again blowing across the Army and affected the post. The Cold War of the past four decades was being replaced by new realities in Eastern Europe with the crumbling of the Iron Curtain. Budget cuts and revised strategic thinking resulted in troop cutbacks.

In the spring of 1995, the headquarters of the 1st Infantry Division was transferred from Fort Riley to Germany. The 1st Brigade of the Big Red One remained at the post, along with 3rd Brigade, 1st Armored Division and the 937th Engineer Group.

On June 5, 1999, Fort Riley once again became a Division Headquarters with the reactivation of the 24th Infantry Division (Mechanized). The 24th Infantry Division (Mech.) is the Headquarters for three enhanced Separate Brigades (eSBs) of the Army National Guard. Under the integrated Active Component/Reserve Component concept, the 24th Infantry Division[image: External link] (Mech.) consists of an active component headquarters at Fort Riley and three enhanced Separate Brigades: 30th Heavy Separate Brigade at Clinton, North Carolina, 218th Heavy Separate Brigade at Columbia, South Carolina, and the 48th Separate Infantry Brigade in Macon, Georgia. These units were on eight-year training cycles that culminate in a National Training Center rotation. They also back-fill active duty units for Major Theater War contingencies and provide units for Stabilization Force rotations in Bosnia.

On April 21, 2003, the 3rd Brigade 1st Armored Division deployed in support of Operation Iraqi Freedom. The 3rd Brigade conducted combat operation in and around Baghdad, Iraq in support of the 1st Armored Divisions mission to secure and stabilize the city of Baghdad. Over the next 9 years, Fort Riley units supported combat operations both Iraq and Afghanistan.

On June 1, 2006, Fort Riley began training Military Transition Teams, or MiTTs. These 10-15 man teams from across the Army, Navy and Air Force train at Fort Riley's Camp Funston for 60 days. Transition Team training is focused training preparing teams to train, mentor and advise Iraqi and Afghan security forces. Training is based on core competencies—combat skills, force protection, team support processes, technical and tactical training, adviser skills, counter insurgency operations and understanding the culture.

Soldiers from Fort Riley continue to be deployed to areas in all corners of the world. From Southwest Asia to the Caribbean and the Balkans, Fort Riley soldiers have been engaged in numerous peacekeeping and nation-building missions. They continue to hone their skills by periodic deployments to the National Training Center located at Fort Irwin, California and the Joint Readiness Training Center at Fort Polk, Louisiana.
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 Return of the 1st Infantry Division




On August 1, 2006, the 1st Infantry Division[image: External link] returned to Fort Riley and replaced the 24th Infantry Division[image: External link] as the post's main Division.

In October 2006, the 1st Brigade, 1st Infantry Division, assumed command and control of the Military Transition Team[image: External link] training mission. The entire division took the lead on this mission for the military. The mission was moved from Fort Riley to Fort Polk, LA, in the summer of 2009.


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Environmental contamination




The Fort Riley site has contaminated groundwater[image: External link] stemming from years of improper waste disposal. Wastes at the site include pesticides, vinyl chloride[image: External link], solvents, perchloroethylene[image: External link] (PCE) and other volatile organic compounds. The U.S. Environmental Protection Agency[image: External link] listed Fort Riley as a Superfund[image: External link] site in 1990. Major cleanup activites at the site took place in the 1990s, while environmental monitoring of the site continues as of 2017.[7]
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 Irwin Army Community Hospital




A year after the post was established in 1853, a temporary hospital was constructed near the present day Post/Cavalry Museum and Patton Hall on the main post. A permanent hospital, which is now the Post/Cavalry Museum, was built in 1855 with a clock tower added in 1890. The second hospital replaced the 1855 hospital in 1888 and is now Post Headquarters. A third hospital was built in 1941 at Camp Whitside and named Cantonment Hospital, later Station Hospital. The second hospital remained as an annex until 1957. The current and fourth hospital was dedicated in 1958. The fourth and current hospital was named after Brigadier General Bernard John Dowling Irwin[image: External link] "The Fighting Doctor" who won the Medal of Honor[image: External link] for distinguished gallantry in action during an engagement with the Chiricahua Indians near Apache Pass Arizona in February 1861.[8] A new hospital near the current hospital is as of 2016
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 Fort Riley Museums





	
U.S. Cavalry Museum[image: External link] - housed in the building used as headquarters by George Armstrong Custer[image: External link], the museum houses exhibits about the U.S. Cavalry[image: External link] from the Revolutionary War to 1950

	
1st Infantry Division Museum[image: External link] - exhibits relating to the 1st Infantry Division[image: External link] from 1917 to the present and the United States Constabulary[image: External link] forces that served in Germany immediately following World War II

	
Custer Home[image: External link], 24 Sheridan Avenue - Historic house museum

	
First Territorial Capitol of Kansas[image: External link] - History of Territorial Kansas

	
M65 Atomic Cannon[image: External link], on the hills overlooking Marshall Airfield (no longer accessible)
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 Notable people





	
Barbara Babcock[image: External link], actress

	
Frank Buckles[image: External link], last surviving American World War One veteran

	
Enos Cabell[image: External link], former third baseman[image: External link] and first baseman[image: External link] in Major League Baseball[image: External link], played for the Baltimore Orioles[image: External link], Houston Astros[image: External link], San Francisco Giants[image: External link], Detroit Tigers[image: External link], and the Los Angeles Dodgers[image: External link][9]


	
George Custer[image: External link], General[citation needed[image: External link]]


	
Johnny Damon[image: External link], professional baseball player

	
Chris Faust[image: External link], landscape photographer[10]


	
Wallace Ford[image: External link], Hollywood actor, was stationed at the Fort during World War I.

	
Timothy McVeigh[image: External link], destroyed the Federal Building in Oklahoma City in 1995[image: External link].

	
Jackie Robinson[image: External link], first African-American to play in Major League Baseball, former second baseman[image: External link] for the Brooklyn Dodgers[image: External link]


	
Dave Wallace[image: External link], member of the Arkansas House of Representatives[image: External link] for Mississippi County[image: External link]; decorated Army veteran of the Vietnam War[image: External link]; formerly stationed at Fort Riley[11]


	NFL all pro Paul Horning was activated from reserve duty in response to the Cuban missile crisis. He was assigned special quarters in the Ft. Riley main post museum and even attended the pro-bowl in Hawaii on a three-day pass. He was later returned to reserve duty without incident.
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Kansas






This article is about the U.S. state. For the American progressive rock band, see Kansas (band)[image: External link]. For other uses, see Kansas (disambiguation)[image: External link].

Kansas i[image: External link]/'kaenzes /[image: External link] is a U.S. state[image: External link] in the Midwestern United States[image: External link].[10] Its capital is Topeka[image: External link] and its largest city is Wichita[image: External link]. Kansas is named after the Kansa[image: External link] Native American tribe, which inhabited the area.[11] The tribe's name (natively kką:ze) is often said to mean "people of the (south) wind" although this was probably not the term's original meaning.[12][13] For thousands of years, what is now Kansas was home to numerous and diverse Native American tribes[image: External link]. Tribes in the eastern part of the state generally lived in villages along the river valleys. Tribes in the western part of the state were semi- nomadic[image: External link] and hunted large herds of bison[image: External link].

Kansas was first settled by European Americans[image: External link] in 1812, in what is now Bonner Springs, Kansas[image: External link],[14] but the pace of settlement accelerated in the 1850s, in the midst of political wars over the slavery[image: External link] issue. When it was officially opened to settlement by the U.S. government in 1854 with the Kansas–Nebraska Act[image: External link], abolitionist Free-Staters[image: External link] from New England[image: External link] and pro-slavery settlers from neighboring Missouri[image: External link] rushed to the territory to determine whether Kansas would become a free state or a slave state[image: External link]. Thus, the area was a hotbed of violence and chaos in its early days as these forces collided, and was known as Bleeding Kansas[image: External link]. The abolitionists prevailed, and on January 29, 1861,[15][16] Kansas entered the Union[image: External link] as a free state. After the Civil War[image: External link], the population of Kansas grew rapidly when waves of immigrants[image: External link] turned the prairie[image: External link] into farmland.

By 2015, Kansas was one of the most productive agricultural states, producing high yields of wheat[image: External link], corn[image: External link], sorghum[image: External link], and soybeans[image: External link].[17] Kansas, which has an area of 82,278 square miles (213,100 km2) is the 15th-largest state by area[image: External link] and is the 34th most-populous[image: External link] of the 50 states with a population of 2,911,641. Residents of Kansas are called Kansans. Mount Sunflower[image: External link] is Kansas's highest point at 4,041 feet (1,232 m).
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 History




Main articles: History of Kansas[image: External link] and Kansas in the American Civil War[image: External link]


For a millennia, the land that is currently Kansas was inhabited by Native Americans. The first European to set foot in present-day Kansas was the Spanish conquistador[image: External link] Francisco Vázquez de Coronado[image: External link], who explored the area in 1541. In 1803, most of modern Kansas was acquired by the United States[image: External link] as part of the Louisiana Purchase[image: External link]. Southwest Kansas, however, was still a part of Spain, Mexico, and the Republic of Texas[image: External link] until the conclusion of the Mexican–American War[image: External link] in 1848, when these lands were ceded to the United States[image: External link]. From 1812 to 1821, Kansas was part of the Missouri Territory[image: External link]. The Santa Fe Trail[image: External link] traversed Kansas from 1821 to 1880, transporting manufactured goods from Missouri[image: External link] and silver and furs from Santa Fe, New Mexico[image: External link]. Wagon ruts from the trail are still visible in the prairie today.

In 1827, Fort Leavenworth[image: External link] became the first permanent settlement of white Americans in the future state. The Kansas–Nebraska Act[image: External link] became law on May 30, 1854, establishing Nebraska Territory[image: External link] and Kansas Territory[image: External link], and opening the area to broader settlement by whites. Kansas Territory[image: External link] stretched all the way to the Continental Divide and included the sites of present-day Denver[image: External link], Colorado Springs[image: External link], and Pueblo[image: External link].

Missouri and Arkansas[image: External link] sent settlers into Kansas all along its eastern border. These settlers attempted to sway votes in favor of slavery. The secondary settlement of Americans in Kansas Territory were abolitionists[image: External link] from Massachusetts[image: External link] and other Free-Staters[image: External link], who attempted to stop the spread of slavery from neighboring Missouri. Directly presaging the American Civil War[image: External link], these forces collided, entering into skirmishes that earned the territory the name of Bleeding Kansas[image: External link].

Kansas was admitted to the Union[image: External link] as a free state on January 29, 1861, making it the 34th state to join the United States. By that time the violence in Kansas had largely subsided, but during the Civil War, on August 21, 1863, William Quantrill[image: External link] led several hundred men on a raid into Lawrence[image: External link], destroying much of the city and killing nearly 200 people. He was roundly condemned by both the conventional Confederate military[image: External link] and the partisan rangers commissioned by the Missouri legislature[image: External link]. His application to that body for a commission was flatly rejected due to his pre-war criminal record.[18]

After the Civil War, many veterans constructed homesteads in Kansas. Many African Americans[image: External link] also looked to Kansas as the land of "John Brown[image: External link]" and, led by freedmen[image: External link] like Benjamin "Pap" Singleton[image: External link], began establishing black colonies in the state. Leaving southern states in the late 1870s because of increasing discrimination, they became known as Exodusters[image: External link].

At the same time, the Chisholm Trail[image: External link] was opened and the Wild West[image: External link]-era commenced in Kansas. Wild Bill Hickok[image: External link] was a deputy marshal at Fort Riley and a marshal at Hays[image: External link] and Abilene[image: External link]. Dodge City[image: External link] was another wild cowboy town, and both Bat Masterson[image: External link] and Wyatt Earp[image: External link] worked as lawmen in the town. In one year alone, eight million head of cattle from Texas boarded trains in Dodge City bound for the East, earning Dodge the nickname "Queen of the Cowtowns."

In response to demands of Methodists and other evangelical Protestants, in 1881 Kansas became the first U.S. state to adopt a constitutional amendment prohibiting[image: External link] all alcoholic beverages[image: External link], which was only repealed in 1948.
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 Geography




Kansas is bordered by Nebraska[image: External link] on the north; Missouri[image: External link] on the east; Oklahoma[image: External link] on the south; and Colorado[image: External link] on the west. The state is divided into 105 counties[image: External link] with 628 cities[image: External link], and is located equidistant[image: External link] from the Pacific and Atlantic oceans. The geographic center of the 48 contiguous states[image: External link] is in Smith County[image: External link] near Lebanon[image: External link]. Until 1989, the Meades Ranch Triangulation Station[image: External link] in Osborne County[image: External link] was the geodetic center of North America: the central reference point for all maps of North America. The geographic center of Kansas is in Barton County[image: External link].
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 Geology




Main article: Geology of Kansas[image: External link]


Kansas is underlain by a sequence of horizontal to gently westward dipping[image: External link] sedimentary rocks[image: External link]. A sequence of Mississippian[image: External link], Pennsylvanian[image: External link] and Permian[image: External link] rocks outcrop in the eastern and southern part of the state. The state's western half has exposures of Cretaceous[image: External link] through Tertiary sediments, the latter derived from the erosion[image: External link] of the uplifted[image: External link] Rocky Mountains[image: External link] to the west. These are underlain by older Paleozoic and Mesozoic sediments which correlate well with the outcrops to the east. The state's northeastern corner was subjected to glaciation[image: External link] in the Pleistocene[image: External link] and is covered by glacial drift[image: External link] and loess[image: External link].
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 Topography




The western two-thirds of the state, lying in the great central plain[image: External link] of the United States, has a generally flat or undulating surface, while the eastern third has many hills and forests. The land gradually rises from east to west; its altitude ranges from 684 ft (208 m) along the Verdigris River[image: External link] at Coffeyville[image: External link] in Montgomery County[image: External link], to 4,039 ft (1,231 m) at Mount Sunflower[image: External link], 0.5 miles (0.80 km) from the Colorado border, in Wallace County[image: External link]. It is a popular belief that Kansas is the flattest state in the nation, reinforced by a well known 2003 tongue-in-cheek study[19] stating that Kansas was indeed "flatter than a pancake".[20] This has since been called into question, with most scientists ranking Kansas between the 20th and 30th flattest state, depending on measurement method. Its average elevation is 2,000 feet (610 m), higher than that of 36 states.[21]
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 Rivers




Nearly 75 mi (121 km) of the state's northeastern boundary is defined by the Missouri River[image: External link]. The Kansas River[image: External link] (locally known as the Kaw), formed by the junction of the Smoky Hill[image: External link] and Republican[image: External link] rivers at appropriately-named Junction City[image: External link], joins the Missouri River at Kansas City[image: External link], after a course of 170 mi (270 km) across the northeastern part of the state.

The Arkansas River[image: External link] (pronunciation varies[image: External link]), rising in Colorado[image: External link], flows with a bending course for nearly 500 mi (800 km) across the western and southern parts of the state. With its tributaries, (the Little Arkansas[image: External link], Ninnescah[image: External link], Walnut, Cow Creek[image: External link], Cimarron[image: External link], Verdigris, and the Neosho[image: External link]), it forms the southern drainage system of the state.

Kansas' other rivers are the Saline[image: External link] and Solomon Rivers, tributaries of the Smoky Hill River; the Big Blue[image: External link], Delaware[image: External link], and Wakarusa[image: External link], which flow into the Kansas River; and the Marais des Cygnes[image: External link], a tributary of the Missouri River. Spring River is located between Riverton[image: External link] and Baxter Springs[image: External link].
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 National parks and historic sites




Areas under the protection of the National Park Service[image: External link] include:[22]


	
Brown v. Board Of Education National Historic Site[image: External link] in Topeka

	California National Historic Trail[image: External link]

	
Fort Larned National Historic Site[image: External link] in Larned[image: External link]


	Fort Scott National Historic Site[image: External link]

	Lewis and Clark National Historic Trail[image: External link]

	
Nicodemus National Historic Site[image: External link] at Nicodemus[image: External link]


	Oregon National Historic Trail[image: External link]

	Pony Express National Historic Trail[image: External link]

	Santa Fe National Historic Trail[image: External link]

	
Tallgrass Prairie National Preserve[image: External link] near Strong City[image: External link]
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 Climate




According to the Köppen climate classification[image: External link], Kansas' climate can be characterized in terms of three types: it has humid continental, semi-arid steppe, and humid subtropical. The state's eastern two-thirds (especially the northeastern portion) has a humid continental climate[image: External link], with cool to cold winters and hot, often humid summers. Most of the precipitation falls in the summer and spring.

The western third of the state – from roughly the U.S. Route 83[image: External link] corridor westward – has a semiarid[image: External link] steppe[image: External link] climate. Summers are hot, often very hot, and generally less humid. Winters are highly changeable between warm and very cold. The western region receives an average of about 16 inches (410 mm) of precipitation per year. Chinook winds[image: External link] in the winter can warm western Kansas all the way into the 80 °F (27 °C) range.

The far south-central and southeastern reaches of the state, including Wichita[image: External link], have a humid subtropical climate[image: External link] with hot, humid summers, milder winters and more precipitation than elsewhere in Kansas. Some features of all three climates can be found in most of the state, with droughts and changeable weather between dry and humid not uncommon, and both warm and cold spells in the winter.

Temperatures in areas between US 83 and U.S. Route 81[image: External link], as well as the southwestern portion of the state along and south of U.S. Route 50[image: External link], reach 100 °F (38 °C) or above on most days of June, July and August. High humidity added to the high temperatures sends the heat index[image: External link] into life-threatening territory, especially in Wichita, Hutchinson[image: External link], Salina[image: External link], Russell[image: External link], Hays[image: External link] and Great Bend[image: External link]. Temperatures are often higher in Dodge City[image: External link], Garden City[image: External link] and Liberal[image: External link], but the heat index in those locations is usually lower than the actual air temperature.

Although temperatures of 100 °F (38 °C) or higher are not as common in areas east of US 81, higher humidity and the urban heat island[image: External link] effect lead most summer days to heat indices between 107 °F (42 °C) and 114 °F (46 °C) in Topeka[image: External link], Lawrence[image: External link] and the Kansas City metropolitan area[image: External link]. During the summer, nightly low temperatures in the northeastern part of the state, especially in the aforementioned large cities, struggle to fall below 80 °F (27 °C), and combined with humidity between 85 and 95 percent, dangerous heat indices can be experienced at every hour of the day.

Precipitation ranges from about 47 inches (1,200 mm) annually in the state's southeast corner to about 16 inches (410 mm) in the southwest. Snowfall ranges from around 5 inches (130 mm) in the fringes of the south, to 35 inches (890 mm) in the far northwest. Frost-free days range from more than 200 days in the south, to 130 days in the northwest. Thus, Kansas is the country's ninth or tenth sunniest state, depending on the source. Western Kansas is as sunny as California and Arizona.

Kansas is prone to severe weather, especially in the spring and early summer. Despite the frequent sunshine throughout much of the state, due to its location at a climatic boundary prone to intrusions of multiple air masses, the state is vulnerable to strong and severe thunderstorms. Some of these storms become supercell[image: External link] thunderstorms; these can spawn tornadoes[image: External link], occasionally of EF3[image: External link] strength or higher. Kansas averages over 50 tornadoes annually.[23] Severe thunderstorms sometimes drop very large hail[image: External link] over Kansas as well as bringing flash flooding and damaging straight line winds.

According to NOAA, the all-time highest temperature recorded in Kansas is (121 °F or 49.4 °C) on July 24, 1936, near Alton[image: External link] in Osborne County[image: External link], and the all-time low is −40 °F (−40 °C) on February 13, 1905, near Lebanon[image: External link] in Smith County[image: External link]. Alton and Lebanon are approximately 50 miles (80 km) apart.

Kansas's record high of 121 °F (49.4 °C) ties with North Dakota[image: External link] for the fifth-highest record high in an American state, behind California (134 °F or 56.7 °C), Arizona[image: External link] (128 °F or 53.3 °C), Nevada[image: External link] (125 °F or 51.7 °C), and New Mexico[image: External link] (122 °F or 50 °C).



	Monthly Normal High and Low Temperatures For Various Kansas Cities



	City
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec



	Concordia
	36/17
	43/22
	54/31
	64/41
	74/52
	85/62
	91/67
	88/66
	80/56
	68/44
	51/30
	40/21



	Dodge City
	41/19
	48/24
	57/31
	67/41
	76/52
	87/62
	93/67
	91/66
	82/56
	70/44
	55/30
	44/22



	Goodland
	39/16
	45/20
	53/26
	63/35
	72/46
	84/56
	89/61
	87/60
	78/50
	66/38
	50/25
	41/18



	Topeka
	37/17
	44/23
	55/33
	66/43
	75/53
	84/63
	89/68
	88/65
	80/56
	69/44
	53/32
	41/22



	Wichita
	40/20
	47/25
	57/34
	67/44
	76/54
	87/64
	93/69
	92/68
	82/59
	70/47
	55/34
	43/24



	Sources:[24][25][26][27][28]
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 Demographics




The United States Census Bureau[image: External link] estimates that the population of Kansas was 2,907,289 on July 1, 2016, a 1.9% increase since the 2010 United States Census[image: External link][6] and an increase of 58,523, or 2.05%, since the year 2010.[6] This includes a natural increase since the last census of 93,899 people (that is 246,484 births minus 152,585 deaths) and a decrease due to net migration of 20,742 people out of the state. Immigration[image: External link] from outside the United States resulted in a net increase of 44,847 people, and migration within the country produced a net loss of 65,589 people.[29]

The population density of Kansas is 52.9 people per square mile.[30] The center of population[image: External link] of Kansas is located in Chase County[image: External link], at 38°27′N 96°32′W[image: External link], approximately 3 miles (4.8 km) north of the community of Strong City[image: External link].[31]



	Historical population



	Census
	Pop.
	
	%±



	1860[image: External link]
	107,206
	
	—



	1870[image: External link]
	364,399
	
	239.9%



	1880[image: External link]
	996,096
	
	173.4%



	1890[image: External link]
	1,428,108
	
	43.4%



	1900[image: External link]
	1,470,495
	
	3.0%



	1910[image: External link]
	1,690,949
	
	15.0%



	1920[image: External link]
	1,769,257
	
	4.6%



	1930[image: External link]
	1,880,999
	
	6.3%



	1940[image: External link]
	1,801,028
	
	−4.3%



	1950[image: External link]
	1,905,299
	
	5.8%



	1960[image: External link]
	2,178,611
	
	14.3%



	1970[image: External link]
	2,246,578
	
	3.1%



	1980[image: External link]
	2,363,679
	
	5.2%



	1990[image: External link]
	2,477,574
	
	4.8%



	2000[image: External link]
	2,688,418
	
	8.5%



	2010[image: External link]
	2,853,118
	
	6.1%



	Est. 2016
	2,907,289
	
	1.9%



	1910–2010[32]

2015 Estimate[6]
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 Ancestry




According to the 2010 Census[image: External link], the racial makeup of the population was:


	83.8% of the population was White American[image: External link] (77.5% non-Hispanic white[image: External link])

	5.9% was Black or African American[image: External link]


	1.0% American Indian and Alaska Native

	2.4% Asian American[image: External link]


	0.1% Native Hawaiian and other Pacific Islander

	3.0% from two or more races.



Ethnically 10.5% of the total population was of Hispanic or Latino origin (they may be of any race).[33]



	Kansas ethnic breakdown of population



	Racial composition
	1990[34]
	2000[35]
	2010[36]



	White[image: External link]
	90.1%
	86.1%
	83.8%



	Black[image: External link]
	5.8%
	5.8%
	5.9%



	Asian[image: External link]
	1.3%
	1.7%
	2.4%



	Native[image: External link]
	0.9%
	0.9%
	1.0%



	Native Hawaiian[image: External link] and

other Pacific Islander[image: External link]
	–
	–
	0.1%



	Other race[image: External link]
	2.0%
	3.4%
	3.9%



	Two or more races[image: External link]
	–
	2.1%
	3.0%




As of 2004, the population included 149,800 foreign-born (5.5% of the state population). The ten largest reported ancestry groups, which account for over 85% of the population, in the state are: German[image: External link] (33.75%), Irish[image: External link] (14.4%), English[image: External link] (14.1%), American[image: External link] (7.5%), French[image: External link] (4.4%), Scottish[image: External link] (4.2%), Dutch[image: External link] (2.5%), Swedish[image: External link] (2.4%), Italian[image: External link] (1.8%), and Polish[image: External link] (1.5%).[37] German descendants are especially present in the northwest, while those of descendants of English and of white Americans from other states are especially present in the southeast.

Mexicans are present in the southwest and make up nearly half the population in certain counties. Many African Americans in Kansas are descended from the Exodusters[image: External link], newly freed blacks who fled the South for land in Kansas following the Civil War.

As of 2011, 35.0% of Kansas' population younger than one year of age belonged to minority groups (i.e., did not have two parents of non-Hispanic white ancestry).[38]
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 Language




Spanish is the second-most-spoken language in Kansas, after English [1][image: External link].
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 Religion







	Religion in Kansas



	religion
	
	
	percent
	



	Protestant
	
  


	57%



	Unaffiliated
	
  


	20%



	Catholic
	
  


	18%



	Other religion
	
  


	4%



	No religion
	
  


	3%



	Jehovah's Witnesses
	
  


	1%



	Mormon
	
  


	1%






The 2014 Pew Religious Landscape Survey showed the religious makeup of adults in Kansas was as follows:[39]


	31% Evangelical Protestant

	24% Mainline Protestant

	2% Black Protestant[image: External link]


	18% Catholic

	1% Mormon

	1% Jehovah's Witness



As of 2010, the Association of Religion Data Archives[image: External link] (ARDA) reported that the Catholic Church has the highest number of adherents in Kansas (at 426,611), followed by the United Methodist Church[image: External link] with 202,989 members, and the Southern Baptist Convention[image: External link], reporting 99,329 adherents.[40]

Kansas's capital Topeka is sometimes cited as the home of Pentecostalism[image: External link] as it was the site of Charles Fox Parham[image: External link]'s Bethel Bible College[image: External link], where glossolalia[image: External link] was first claimed as the evidence of a spiritual experience referred to as the baptism of the Holy Spirit[image: External link] in 1901. It is also the home of Reverend Charles Sheldon[image: External link], author of In His Steps[image: External link], and was the site where the question "What would Jesus do?[image: External link]" originated in a sermon of Sheldon's at Central Congregational Church.

Topeka is also home of the Westboro Baptist Church[image: External link], a hate group[image: External link] according to the Southern Poverty Law Center[image: External link].[41] The church has garnered worldwide media attention for picketing the funerals of U.S. servicemen and women for what church members claim as "necessary to combat the fight for equality for gays and lesbians." They have sometimes successfully raised lawsuits against the city of Topeka.
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 Settlement




Main article: Rural flight[image: External link]




	Urban and rural populations



	


	












Known as rural flight, the last few decades have been marked by a migratory pattern out of the countryside into cities. Out of all the cities in these Midwestern states, 89% have fewer than 3,000 people, and hundreds of those have fewer than 1,000. In Kansas alone, there are more than 6,000 ghost towns[image: External link] and dwindling communities,[42] according to one Kansas historian, Daniel C. Fitzgerald. At the same time, some of the communities in Johnson County (metropolitan Kansas City) are among the fastest-growing in the country.

See also: List of cities in Kansas[image: External link]




	Cities with population of at least 15,000



	
	City
	Population*
	Growth rate**
	Metro area



	1
	Wichita[image: External link]
	388,143
	1.58%
	Wichita



	2
	Overland Park[image: External link]
	184,525
	6.43%
	Kansas City, MO-KS[image: External link]



	3
	Kansas City[image: External link]
	149,636
	2.64%
	Kansas City



	4
	Olathe[image: External link]
	133,062
	5.71%
	Kansas City



	5
	Topeka[image: External link]
	127,215
	-0.20%
	Topeka



	6
	Lawrence[image: External link]
	92,763
	5.84%
	Lawrence



	7
	Shawnee[image: External link]
	64,599
	3.84%
	Kansas City



	8
	Manhattan[image: External link]
	56,078
	7.26%
	Manhattan



	9
	Lenexa[image: External link]
	51,042
	5.92%
	Kansas City



	10
	Salina[image: External link]
	47,867
	0.34%
	‡



	11
	Hutchinson[image: External link]
	41,642
	−1.04%
	‡



	12
	Leavenworth[image: External link]
	36,000
	2.12%
	Kansas City



	13
	Leawood[image: External link]
	34,395
	7.93%
	Kansas City



	14
	Dodge City[image: External link]
	28,117
	2.84%
	‡



	15
	Garden City[image: External link]
	27,004
	1.30%
	‡



	16
	Junction City[image: External link]
	24,665
	5.62%
	Manhattan



	17
	Emporia[image: External link]
	24,560
	-1.43%
	‡



	18
	Derby[image: External link]
	23,234
	4.86%
	Wichita



	19
	Prairie Village[image: External link]
	21,877
	2.00%
	Kansas City



	20
	Hays[image: External link]
	21,044
	2.60%
	‡



	21
	Liberal[image: External link]
	21,012
	2.37%
	‡



	22
	Gardner[image: External link]
	20,667
	8.07%
	Kansas City



	23
	Pittsburg[image: External link]
	20,394
	0.80%
	‡



	24
	Newton[image: External link]
	19,120
	-0.06%
	Wichita



	25
	Great Bend[image: External link]
	15,840
	−0.97%
	‡



	*2014 Estimate[43]

**Growth rate 2010–2014

‡Defined as a micropolitan area[image: External link]




Kansas has 627 incorporated cities[image: External link]. By state statute, cities are divided into three classes as determined by the population obtained "by any census of enumeration." A city of the third class has a population of less than 5,000, but cities reaching a population of more than 2,000 may be certified as a city of the second class. The second class is limited to cities with a population of less than 25,000, and upon reaching a population of more than 15,000, they may be certified as a city of the first class. First and second class cities are independent of any township[image: External link] and are not included within the township's territory.
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 Birth data




Note: Births in table don't add up, because Hispanics are counted both by their ethnicity and by their race, giving a higher overall number.



	Live Births by Race/Ethnicity of Mother



	Race[image: External link]
	2013[44]
	2014[45]
	2015[46]



	White[image: External link]:
	34,178 (88.0%)
	34,420 (87.7%)
	34,251 (87.5%)



	Non-Hispanic White[image: External link]
	28,281 (72.8%)
	28,504 (72.7%)
	28,236 (72.1%)



	Black[image: External link]
	2,967 (7.6%)
	3,097 (7.9%)
	3,090 (7.9%)



	Asian[image: External link]
	1,401 (3.6%)
	1,359 (3.5%)
	1,483 (3.8%)



	Native[image: External link]
	293 (0.7%)
	347 (0.9%)
	330 (0.8%)



	Hispanic[image: External link] (of any race)
	6,143 (15.8%)
	6,132 (15.6%)
	6,300 (16.1%)



	Total Kansas
	38,839 (100%)
	39,223 (100%)
	39,154 (100%)
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 Regions
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 Northeast Kansas




The northeastern portion of the state, extending from the eastern border to Junction City[image: External link] and from the Nebraska border to south of Johnson County is home to more than 1.5 million people in the Kansas City (Kansas portion), Manhattan, Lawrence, and Topeka metropolitan areas[image: External link]. Overland Park[image: External link], a young city incorporated in 1960, has the largest population and the largest land area in the county. It is home to Johnson County Community College[image: External link] and the corporate campus of Sprint Nextel[image: External link], the largest private employer in the metro area. In 2006, the city was ranked as the sixth best place to live in America; the neighboring city of Olathe[image: External link] was 13th.[47]

Olathe is the county seat[image: External link] and home to Johnson County Executive Airport[image: External link]. The cities of Olathe, Shawnee[image: External link], and Gardner[image: External link] have some of the state's fastest growing populations. The cities of Overland Park, Lenexa[image: External link], Olathe, and Gardner are also notable because they lie along the former route of the Santa Fe Trail[image: External link]. Among cities with at least one thousand residents, Mission Hills[image: External link] has the highest median income in the state.

Several institutions of higher education are located in Northeast Kansas including Baker University[image: External link] (the oldest university in the state, founded in 1858 and affiliated with the United Methodist Church[image: External link]) in Baldwin City, Benedictine College[image: External link] (sponsored by St. Benedict's Abbey and Mount St. Scholastica Monastery and formed from the merger of St. Benedict's College (1858) and Mount St. Scholastica College (1923)) in Atchison, MidAmerica Nazarene University[image: External link] in Olathe, Ottawa University[image: External link] in Ottawa and Overland Park, Kansas City Kansas Community College and KU Medical Center in Kansas City, and KU Edwards Campus in Overland Park. Less than an hour's drive to the west, Lawrence[image: External link] is home to the University of Kansas[image: External link], the largest public university in the state, and Haskell Indian Nations University[image: External link].

To the north, Kansas City[image: External link], with the second largest land area in the state, contains a number of diverse ethnic neighborhoods. Its attractions include the Kansas Speedway[image: External link], Sporting Kansas City[image: External link], Kansas City T-Bones[image: External link], Schlitterbahn[image: External link], and The Legends at Village West[image: External link] retail and entertainment center. Nearby, Kansas's first settlement Bonner Springs[image: External link] [14] is home to several national and regional attractions including the Providence Medical Center Amphitheather[image: External link], the National Agricultural Center and Hall of Fame[image: External link], and the annual Kansas City Renaissance Festival[image: External link]. Further up the Missouri River[image: External link], the city of Lansing[image: External link] is the home of the state's first maximum-security prison. Historic Leavenworth[image: External link], founded in 1854, was the first incorporated city in Kansas. North of the city, Fort Leavenworth[image: External link] is the oldest active Army post west of the Mississippi River[image: External link]. The city of Atchison[image: External link] was an early commercial center in the state and is well known as the birthplace of Amelia Earhart[image: External link].

To the west, nearly a quarter million people reside in the Topeka metropolitan area. Topeka[image: External link] is the state capital and home to Washburn University[image: External link] and Washburn Institute of Technology[image: External link]. Built at a Kansas River[image: External link] crossing along the old Oregon Trail[image: External link], this historic city has several nationally registered historic places. Further westward along Interstate 70[image: External link] and the Kansas River is Junction City[image: External link] with its historic limestone and brick buildings and nearby Fort Riley, well known as the home to the U.S. Army[image: External link]'s 1st Infantry Division[image: External link] (nicknamed "the Big Red One"). A short distance away, the city of Manhattan[image: External link] is home to Kansas State University[image: External link], the second-largest public university in the state and the nation's oldest land-grant university, dating back to 1863. South of the campus, Aggieville[image: External link] dates back to 1889 and is the state's oldest shopping district of its kind.
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 Wichita




In south-central Kansas, the Wichita metropolitan area is home to over 600,000 people.[48] Wichita[image: External link] is the largest city in the state in terms of both land area and population. 'The Air Capital' is a major manufacturing center for the aircraft industry and the home of Wichita State University[image: External link]. Before Wichita was 'The Air Capital' it was a Cowtown.[49] With a number of nationally registered historic places, museums, and other entertainment destinations, it has a desire to become a cultural mecca in the Midwest. Wichita's population growth has grown by double digits and the surrounding suburbs are among the fastest growing cities in the state. The population of Goddard[image: External link] has grown by more than 11% per year since 2000.[50] Other fast-growing cities include Andover[image: External link], Maize[image: External link], Park City[image: External link], Derby[image: External link], and Haysville[image: External link].

Wichita was one of the first cities to add the city commissioner and city manager in their form of government.[49] Wichita is also home of the nationally recognized Sedgwick County Zoo.[49]

Up river (the Arkansas River[image: External link]) from Wichita is the city of Hutchinson[image: External link]. The city was built on one of the world's largest salt deposits, and it has the world's largest and longest wheat elevator. It is also the home of Kansas Cosmosphere and Space Center[image: External link], Prairie Dunes Country Club and the Kansas State Fair. North of Wichita along Interstate 135[image: External link] is the city of Newton[image: External link], the former western terminal of the Santa Fe Railroad[image: External link] and trailhead for the famed Chisholm Trail[image: External link]. To the southeast of Wichita are the cities of Winfield[image: External link] and Arkansas City[image: External link] with historic architecture and the Cherokee Strip[image: External link] Museum (in Ark City). The city of Udall[image: External link] was the site of the deadliest tornado[image: External link] in Kansas on May 25, 1955; it killed 80 people in and near the city.[51] To the southwest of Wichita is Freeport[image: External link], the state's smallest incorporated city (population 5).
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 Around the state




Located midway between Kansas City, Topeka, and Wichita in the heart of the Bluestem Region of the Flint Hills[image: External link], the city of Emporia[image: External link] has several nationally registered historic places and is the home of Emporia State University[image: External link], well known for its Teachers College. It was also the home of newspaper man William Allen White[image: External link].
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 Southeast Kansas




Southeast Kansas[image: External link] has a unique history with a number of nationally registered historic places in this coal-mining region. Located in Crawford County[image: External link] (dubbed the Fried Chicken Capital of Kansas), Pittsburg[image: External link] is the largest city in the region and the home of Pittsburg State University[image: External link]. The neighboring city of Frontenac[image: External link] in 1888 was the site of the worst mine disaster in the state in which an underground explosion killed 47 miners. "Big Brutus[image: External link]" is located 1.5 miles (2.4 km) outside the city of West Mineral[image: External link]. Along with the restored fort, historic Fort Scott[image: External link] has a national cemetery designated by President Lincoln in 1862.
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 Central and North-Central Kansas




Salina[image: External link] is the largest city in central and north-central Kansas. South of Salina is the small city of Lindsborg[image: External link] with its numerous Dala horses[image: External link]. Much of the architecture and decor of this town has a distinctly Swedish[image: External link] style. To the east along Interstate 70[image: External link], the historic city of Abilene[image: External link] was formerly a trailhead for the Chisholm Trail[image: External link] and was the boyhood home of President Dwight D. Eisenhower[image: External link], and is the site of his Presidential Library[image: External link] and the tombs of the former President, First Lady and son who died in infancy. To the west is Lucas[image: External link], the Grassroots Art Capital of Kansas.
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 Northwest Kansas




Westward along the Interstate, the city of Russell[image: External link], traditionally the beginning of sparsely-populated northwest Kansas, was the base of former U.S. Senator Bob Dole[image: External link] and the boyhood home of U.S. Senator Arlen Specter[image: External link]. The city of Hays[image: External link] is home to Fort Hays State University[image: External link] and the Sternberg Museum of Natural History, and is the largest city in the northwest with a population of around 20,001.

Two other landmarks are located in smaller towns in Ellis County[image: External link]: the "Cathedral of the Plains" is located 10 miles (16 km) east of Hays in Victoria[image: External link], and the boyhood home of Walter Chrysler[image: External link] is 15 miles (24 km) west of Hays in Ellis[image: External link]. West of Hays, population drops dramatically, even in areas along I-70, and only two towns containing populations of more than 4,000: Colby[image: External link] and Goodland[image: External link], which are located 35 miles (56 km) apart along I-70.
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 Southwest Kansas




Dodge City[image: External link], famously known for the cattle drive days of the late 19th century, was built along the old Santa Fe Trail[image: External link] route. The city of Liberal[image: External link] is located along the southern Santa Fe Trail route. The first wind farm in the state was built east of Montezuma[image: External link]. Garden City[image: External link] has the Lee Richardson Zoo[image: External link]. In 1992, a short-lived secessionist movement[image: External link] advocated the secession of several counties in southwest Kansas.
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 Economy




See also: Kansas locations by per capita income[image: External link]


The Bureau of Economic Analysis estimates that Kansas' total GDP in 2014 was $140,964 billion.[52] In 2015, the job growth rate in was .8 percent, among the lowest rate in America with only "10,900 total nonfarm jobs" added that year.[53][54] According to the Kansas Department of Labor 2016 report, the average annual wage in 2015 was $42,930.[55] As of April 2016, the state's unemployment rate was 4.2%.[56]

Kansas had a $350 million budget shortfall in February 2017.[57] In February 2017, S&P downgraded Kansas' credit rating to AA-.[58]

The agricultural outputs of the state are cattle, sheep, wheat[image: External link], sorghum[image: External link], soybeans[image: External link], cotton[image: External link], hogs[image: External link], corn[image: External link], and salt. Eastern Kansas is part of the Grain Belt[image: External link], an area of major grain production in the central United States. The industrial outputs are transportation equipment, commercial and private aircraft, food processing, publishing, chemical products, machinery, apparel, petroleum and mining.



	Largest employers (as of 2016)[59]



	Rank
	Business
	Employees
	Location
	Industry



	No. 1
	Spirit AeroSystems[image: External link]
	10,900
	Wichita[image: External link]
	Aviation



	No. 2
	Sprint Corporation[image: External link]
	7,500
	Overland Park[image: External link]
	Telecommunications



	No. 3
	Cessna Aircraft[image: External link]
	6,200
	Wichita[image: External link]
	Aviation



	No. 4
	General Motors[image: External link]
	4,000
	Kansas City[image: External link]
	Automobile manufacturing



	No. 5
	Garmin[image: External link]
	3,417
	Olathe[image: External link]
	GPS Device Design & Manufacturing



	No. 6
	Black & Veatch[image: External link]
	3,500
	Overland Park[image: External link]
	Engineering Consulting



	No. 7
	Koch Industries[image: External link]
	3,300
	Wichita[image: External link]
	Chemical Technologies



	No. 8
	Tyson Foods[image: External link]
	3,200
	Holcomb[image: External link]
	Meat Product Manufacturing



	No. 9
	Performance Contracting
	2,900
	Lenexa[image: External link]
	Roofing & siding



	No. 10
	UPS[image: External link]
	2,871
	Lenexa
	Package Delivery and Logistics




Kansas ranks eighth in U.S. petroleum production[image: External link]. Production has experienced a steady, natural decline as it becomes increasingly difficult to extract oil over time. Since oil prices[image: External link] bottomed in 1999, oil production in Kansas has remained fairly constant, with an average monthly rate of about 2.8 million barrels (450,000 m3) in 2004. The recent higher prices[image: External link] have made carbon dioxide[image: External link] sequestration and other oil recovery techniques more economical.

Kansas ranks eighth in U.S. natural gas production. Production has steadily declined since the mid-1990s with the gradual depletion of the Hugoton Natural Gas Field[image: External link]—the state's largest field which extends into Oklahoma and Texas. In 2004, slower declines in the Hugoton gas fields and increased coalbed methane[image: External link] production contributed to a smaller overall decline. Average monthly production was over 32 billion cubic feet (0.9 km3).

The Kansas economy is also heavily influenced by the aerospace industry. Several large aircraft corporations have manufacturing facilities in Wichita and Kansas City, including Spirit AeroSystems[image: External link], Cessna[image: External link], Learjet[image: External link], and Hawker Beechcraft[image: External link] (formerly Raytheon[image: External link]). Boeing[image: External link] ended a decades-long history of manufacturing in Kansas in 2012–13.

Major company headquarters in Kansas include the Sprint Corporation[image: External link] (with world headquarters in Overland Park[image: External link]), Embarq[image: External link] (with national headquarters in Overland Park[image: External link]), YRC Worldwide[image: External link] (Overland Park[image: External link]), Garmin[image: External link] ( Olathe[image: External link]), Payless Shoes[image: External link] (national headquarters and major distribution facilities in Topeka[image: External link]), and Koch Industries[image: External link] (with national headquarters in Wichita[image: External link]).


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Taxes





"The Brownback experiment didn’t work. We saw that loud and clear."

— Kansas Center for Economic Growth 2017



Starting in 2013, Governor Sam Brownback[image: External link]'s "ambitious tax overhaul" trimmed income tax, eliminated some corporate taxes, and created pass-through income[image: External link] tax exemptions, but led to years of budget shortfalls, culminating in a $350 million budget shortfall in February 2017. During his campaign for the 2010 election, Brownback called for a complete "phase out Kansas's income tax".[60] From 2013 to 2017, 300,000 businesses were considered to be pass-through income entities and benefited from Brownback's complete tax exemption. His tax reform "encouraged tens of thousands of Kansans to claim their wages and salaries as income from a business rather than from employment."[57] There was an increase in job growth "following enactment of the tax cuts."[60]

Under Brownback, in January 2013, the "largest tax cut" in Kansas state history took effect. He cut the income tax rate and eliminated some corporate taxes. He added a penny to the sales tax to offset the loss to state revenues but that was inadequate. Deficits mounted. By April, Brownback wanted to cut taxes even again. He made more cuts to education and some state services to offset lost revenue.[61] The economic growth that he anticipated never materialized. Brownback argued that it was because of "low wheat and oil prices and a downturn in aircraft sales."[60] In the summer of 2016 S&P Global Ratings[image: External link] downgraded Kansas' credit rating.[58] In February 2017, S&P lowered it to AA-.[58]

In February 2017, a bi-partisan coalition presented a bill that would repeal the pass-through income, the "most important provisions of Brownback's overhaul", and raise taxes to make up for the budget shortfall. Brownback vetoed the bill but "45 GOP legislators had voted in favor of the increase, while 40 voted to uphold the governor's veto."[57] On June 6, 2017 a "coalition of Democrats and newly-elected Republicans overrode [Brownback's] veto and implemented tax increases to a level that is close to what it was before 2013.[60] Brownback's tax overhaul was described in a June 2017 article in The Atlantic[image: External link] as the United States' "most aggressive experiment in conservative economic policy".[60] The drastic tax cuts had "threatened the viability of schools and infrastructure" in Kansas—Democrats and some Republicans "rebelled against cuts to the schools".[60]

In 2003, Kansas had three income brackets for income tax calculation, ranging from 3.5% to 6.45%.

The state sales tax in Kansas is 6.15%. Various cities and counties in Kansas have an additional local sales tax. Except during the 2001 recession[image: External link] (March–November 2001) when monthly sales tax collections were flat, collections have trended higher as the economy has grown and two rate increases have been enacted. If there had been no change in sales tax rates, an no change in the economy, the total sales tax collections for 2003 should have been $1,797 million, compared to $805.3 million in 1990, but instead they amounted to $1,630 million an inflation adjusted reduction of 10%.

Revenue shortfalls resulting from lower than expected tax collections and slower growth in personal income following a 1998 permanent tax reduction have contributed to the substantial growth in the state's debt level as bonded debt increased from $1.16 billion in 1998 to $3.83 billion in 2006. Some increase in debt was expected as the state continues with its 10-year Comprehensive Transportation Program enacted in 1999.

As of June 2004, Moody's Investors Service[image: External link] ranked the state 14th for net tax-supported debt per capita. As a percentage of personal income, it was at 3.8%—above the median value of 2.5% for all rated states and having risen from a value of less than 1% in 1992. The state has a statutory requirement to maintain cash reserves of at least 7.5% of expenses at the end of each fiscal year, however, lawmakers can vote to override the rule, and did so during the most recent budget agreement.
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 Transportation




Kansas is served by two Interstate highways[image: External link] with one beltway[image: External link], two spur routes[image: External link], and three bypasses[image: External link], with over 874 miles (1,407 km) in all. The first section of Interstate in the nation was opened on Interstate 70[image: External link] (I-70) just west of Topeka[image: External link] on November 14, 1956.[62]

I-70 is a major east–west route connecting to Denver, Colorado[image: External link] and Kansas City, Missouri[image: External link]. Cities along this route (from west to east) include Colby[image: External link], Hays[image: External link], Salina[image: External link], Junction City[image: External link], Topeka[image: External link], Lawrence[image: External link], Bonner Springs[image: External link], and Kansas City[image: External link].

I-35[image: External link] is a major north–south route connecting to Oklahoma City, Oklahoma[image: External link] and Des Moines, Iowa[image: External link]. Cities along this route (from south to north) include Wichita[image: External link], El Dorado[image: External link], Emporia[image: External link], Ottawa[image: External link], and Kansas City (and suburbs).

Spur routes serve as connections between the two major routes. I-135[image: External link], a north–south route, connects I-35 at Wichita to I-70 at Salina. I-335[image: External link], a southwest–northeast route, connects I-35 at Emporia to I-70 at Topeka. I-335 and portions of I-35 and I-70 make up the Kansas Turnpike[image: External link]. Bypasses include I-470[image: External link] around Topeka, I-235[image: External link] around Wichita, and I-670[image: External link] in downtown Kansas City. I-435[image: External link] is a beltway around the Kansas City metropolitan area[image: External link] while I-635[image: External link] bypasses through Kansas City.

U.S. Route 69[image: External link] (US-69) travels south to north, from Oklahoma to Missouri. The highway passes through the eastern section of Kansas, traveling through Baxter Springs[image: External link], Pittsburg[image: External link], Frontenac[image: External link], Fort Scott[image: External link], Louisburg[image: External link], and the Kansas City area.

Kansas also has the coutry's third largest state highway system after Texas and California. This is because of the high number of counties and county seats[image: External link] (105) and their intertwining.

In January 2004, the Kansas Department of Transportation[image: External link] (KDOT) announced the new Kansas 511[image: External link] traveler information service.[63] By dialing 511, callers will get access to information about road conditions, construction, closures, detours and weather conditions for the state highway system. Weather and road condition information is updated every 15 minutes.

The state's only major commercial (Class C[image: External link]) airport is Wichita Dwight D. Eisenhower National Airport[image: External link], located along US-54[image: External link] on the western edge of the city. Manhattan Regional Airport[image: External link] in Manhattan[image: External link] offers daily flights to Dallas/Fort Worth International Airport[image: External link] and Chicago's O'Hare International Airport[image: External link], making it the second-largest commercial airport in the state.[64] Most air travelers in northeastern Kansas fly out of Kansas City International Airport[image: External link], located in Platte County, Missouri[image: External link].

In the state's southeastern part, people often use Tulsa International Airport[image: External link] in Tulsa, Oklahoma[image: External link] or Joplin Regional Airport[image: External link] in Joplin, Missouri[image: External link]. For those in the far western part of the state, Denver International Airport[image: External link] is a popular option. Connecting flights are also available from smaller Kansas airports in Dodge City[image: External link], Garden City[image: External link], Great Bend[image: External link], Hays[image: External link], Hutchinson[image: External link], Salina[image: External link] or Topeka[image: External link].

The Southwest Chief[image: External link] Amtrak route also runs through the state on its route from Chicago to Los Angeles. Stops in Kansas include Lawrence and Dodge City.
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 Interstate freeways





	
I-35[image: External link]

	
I-135[image: External link] (formerly known as I-35W)

	I-235[image: External link]

	I-335[image: External link]

	I-435[image: External link]

	I-635[image: External link]





	
I-70[image: External link]

	I-470[image: External link]

	I-670[image: External link]
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 U.S. Routes through Kansas





	US-24[image: External link]

	US-36[image: External link]

	US-40[image: External link]

	US-50[image: External link]

	US-54[image: External link]

	US-56[image: External link]

	
US-59[image: External link]

	US-159[image: External link]





	US-160[image: External link]

	US-166[image: External link]

	
US-69[image: External link]

	US-169[image: External link]





	US-270[image: External link]

	US-73[image: External link]

	US-75[image: External link]

	
US-77[image: External link]

	US-177[image: External link]





	
US-81[image: External link]

	US-281[image: External link]





	
US-83[image: External link]

	US-183[image: External link]

	US-283[image: External link]





	US-400[image: External link]
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 Law and government
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 State and local politics













See also: Government of Kansas[image: External link] and Political party strength in Kansas[image: External link]


Executive branch: The executive branch consists of six elected officers. The governor and lieutenant governor are elected on the same ticket[image: External link]. The attorney general, secretary of state, state treasurer, and state insurance commissioner are each elected separately. The six top executive offices of Kansas are all Republican[image: External link]. Governor[image: External link] Sam Brownback[image: External link] and Lieutenant Governor Jeff Colyer[image: External link] were elected in 2010 on the same ticket to a maximum of two consecutive four-year terms. Also elected in 2010 were the Attorney General[image: External link] Derek Schmidt[image: External link] of Independence[image: External link]; the Secretary of State[image: External link] Kris Kobach[image: External link], of Kansas City; the State Treasurer[image: External link] Jacob LaTurner[image: External link], of Galena; and the Insurance Commissioner[image: External link] Sandy Praeger[image: External link], of Topeka.

Legislative branch[image: External link]: The bicameral[image: External link] Kansas Legislature[image: External link] consists of the Kansas House of Representatives[image: External link], with 125 members serving two-year terms, and the Kansas Senate[image: External link], with 40 members serving four-year terms. Currently, 32 of the 40 Senators are Republican and 92 of the 125 Representatives are Republican.

Judicial branch[image: External link]: The judicial branch of the state government is headed[image: External link] by the Kansas Supreme Court[image: External link]. The court has seven judges. A vacancy is filled by the Governor picking one of three nominees selected by the nine-member Kansas Supreme Court Nominating Commission[image: External link]. The board consists of five Kansas lawyers elected by other Kansas lawyers and four members selected by the governor.



	State symbols[image: External link]



	

	
Amphibian[image: External link]: barred tiger salamander[image: External link]


	
Animal[image: External link]: American bison[image: External link]


	
Bird[image: External link]: western meadowlark[image: External link]


	
Flower[image: External link]: sunflower[image: External link]


	
Insect[image: External link]: European honey bee[image: External link]


	
Motto[image: External link]: Ad astra per aspera, or "To the stars through difficulties"

	
Reptile[image: External link]: ornate box turtle[image: External link]


	
Soil[image: External link]: Harney silt loam


	
Song[image: External link]: "Home on the Range[image: External link]"

	
Tree[image: External link]: cottonwood[image: External link]


	
Seal[image: External link]: symbols of commerce (river, steamboat) and agriculture (farmer plowing) adopted 1861
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 Political culture




Since the mid-20th century, Kansas has remained one of the most socially conservative states in the nation. The 1990s brought the defeat of prominent Democrats, including Dan Glickman[image: External link], and the Kansas State Board of Education[image: External link]'s 1999 decision to eliminate evolution[image: External link] from the state teaching standards, a decision that was later reversed.[65] In 2005, voters accepted a constitutional amendment to ban same-sex marriage[image: External link]. The next year, the state passed a law setting a minimum age for marriage at 15 years.[66] Kansas' path to a solid Republican state has been examined by historian Thomas Frank[image: External link] in his 2004 book What's the Matter with Kansas?[image: External link].

Kansas has a history of many firsts in legislative initiatives—it was the first state to institute a system of workers' compensation[image: External link] (1910) and to regulate the securities[image: External link] industry (1911). Kansas also permitted women's suffrage[image: External link] in 1912, almost a decade before the federal constitution was amended to require it. Suffrage in all states would not be guaranteed until ratification of the 19th Amendment to the U.S. Constitution[image: External link] in 1920.

The council–manager government[image: External link] model was adopted by many larger Kansas cities in the years following World War I while many American cities were being run by political machines[image: External link] or organized crime[image: External link], notably the Pendergast Machine[image: External link] in neighboring Kansas City, Missouri[image: External link]. Kansas was also at the center of Brown v. Board of Education[image: External link] of Topeka[image: External link], a 1954 Supreme Court decision that banned racially segregated schools throughout the U.S.

The state backed Republicans Wendell Willkie[image: External link] and Thomas E. Dewey[image: External link] in 1940 and 1944, respectively. Kansas also supported Dewey in 1948 despite the presence of incumbent president Harry S. Truman[image: External link], who hailed from Independence, Missouri[image: External link], approximately 15 miles (24 km) east of the Kansas–Missouri state line. Since Roosevelt carried Kansas in 1932 and 1936, only one Democrat has won Kansas' electoral votes, Lyndon B. Johnson[image: External link] in 1964.

In 2008, Governor Kathleen Sebelius[image: External link] vetoed permits for the construction of new coal-fired energy plants in Kansas, saying: "We know that greenhouse gases contribute to climate change. As an agricultural state, Kansas is particularly vulnerable. Therefore, reducing pollutants benefits our state not only in the short term – but also for generations of Kansans to come."[67] However, shortly after Mark Parkinson became governor in 2009 upon Sebelius's resignation to become Secretary of U.S. Department of Health & Human Services, Parkinson announced a compromise plan to allow construction of a coal-fired plant.

In 2010, Sam Brownback[image: External link] was elected governor with 63 percent of the state vote. He was sworn in as governor in 2011, Kansas' first Republican governor in eight years. Brownback had established himself as a conservative member of the U.S. Senate in years prior, but since becoming governor has made several controversial decisions, leading to a 23% approval rating among registered voters, the lowest of any governor in the United States.[68] In May 2011, much to the opposition of art leaders and enthusiasts in the state, Brownback eliminated the Kansas Arts Commission, making Kansas the first state without an arts agency.[69] In July 2011, Brownback announced plans to close the Lawrence branch of the Kansas Department of Social and Rehabilitation Services as a cost-saving measure. Hundreds rallied against the decision.[70] Lawrence City Commission later voted to provide the funding needed to keep the branch open.[71]
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 National politics




See also: U.S. Congressional Delegations from Kansas[image: External link]


The state's current delegation to the Congress of the United States[image: External link] includes Republican[image: External link] Senators Pat Roberts[image: External link] of Dodge City[image: External link] and Jerry Moran[image: External link] of Manhattan[image: External link]; and Republican Representatives Roger Marshall[image: External link] of Great Bend[image: External link] (District 1[image: External link]), Lynn Jenkins[image: External link] of Topeka[image: External link] (District 2[image: External link]), Kevin Yoder[image: External link] of Overland Park[image: External link] (District 3[image: External link]), and Ron Estes[image: External link] of Wichita[image: External link] (District 4[image: External link]).

Historically, Kansas has been strongly Republican, dating from the Antebellum[image: External link] age when the Republican Party was created out of the movement opposing the extension of slavery into Kansas Territory. Kansas has not elected a Democrat[image: External link] to the U.S. Senate since the 1932 election, when Franklin D. Roosevelt[image: External link] won his first term as President in the wake of the Great Depression[image: External link]. This is the longest Senate losing streak for either party in a single state. Senator Sam Brownback[image: External link] was a candidate for the Republican party nomination for President in 2008. Brownback was not a candidate for re-election to a third full term in 2010, but he was elected Governor[image: External link] in that year's general election. Moran defeated Tiahrt for the Republican nomination for Brownback's seat in the August 2010 primary, then won a landslide general election victory over Democrat Lisa Johnston.

The only non-Republican presidential candidates Kansas has given its electoral vote to are Populist James Weaver[image: External link] and Democrats Woodrow Wilson[image: External link], Franklin Roosevelt (twice), and Lyndon Johnson[image: External link]. In 2004, George W. Bush[image: External link] won the state's six electoral votes by an overwhelming margin of 25 percentage points with 62% of the vote. The only two counties to support Democrat John Kerry[image: External link] in that election were Wyandotte[image: External link], which contains Kansas City[image: External link], and Douglas[image: External link], home to the University of Kansas[image: External link], located in Lawrence[image: External link]. The 2008 election brought similar results as John McCain[image: External link] won the state with 57% of the votes. Douglas, Wyandotte, and Crawford County[image: External link] were the only counties in support of President Barack Obama[image: External link].[72]

Abilene was the boyhood home to Republican president Dwight D. Eisenhower[image: External link], and he maintained lifelong ties to family and friends there. Kansas was the adult home of two losing Republican candidates (Governor Alf Landon[image: External link] in 1936[image: External link] and Senator Bob Dole in 1996[image: External link]).

The New York Times reported in September 2014 that as the Democratic candidate for Senator has tried to drop out of the race, independent Greg Orman[image: External link] has attracted enough bipartisan support to seriously challenge the reelection bid of Republican Pat Roberts:


	Kansas politics have been roiled in recent years. The rise of the Tea Party and the election of President Obama have prompted Republicans to embrace a purer brand of conservatism and purge what had long been a robust moderate wing from its ranks. Mr. Roberts has sought to adapt to this new era, voting against spending bills that included projects for the state that he had sought.[73]
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 State laws




See also: Alcohol laws of Kansas[image: External link]


The legal drinking age[image: External link] in Kansas is 21. In lieu of the state retail sales tax, a 10% Liquor Drink Tax is collected for liquor consumed on the licensed premises and an 8% Liquor Enforcement Tax is collected on retail purchases. Although the sale of cereal malt beverage[image: External link] (also known as 3.2 beer[image: External link]) was legalized in 1937, the first post- Prohibition[image: External link] legalization of alcoholic liquor did not occur until the state's constitution[image: External link] was amended in 1948. The following year the Legislature[image: External link] enacted the Liquor Control Act which created a system of regulating, licensing, and taxing, and the Division of Alcoholic Beverage Control (ABC) was created to enforce the act. The power to regulate cereal malt beverage remains with the cities and counties. Liquor-by-the-drink did not become legal until passage of an amendment to the state's constitution in 1986 and additional legislation the following year. As of November 2006, Kansas still has 29 dry counties[image: External link] and only 17 counties have passed liquor-by-the-drink with no food sales requirement.[74] Today there are more than 2,600 liquor and 4,000 cereal malt beverage licensees in the state.[75]
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 Education




Main article: Education in Kansas[image: External link]


Education in Kansas is governed at the primary and secondary school level by the Kansas State Board of Education[image: External link]. The state's public colleges and universities are supervised by the Kansas Board of Regents[image: External link].

Twice since 1999 the Board of Education has approved changes in the state science curriculum standards that encouraged the teaching of intelligent design[image: External link]. Both times, the standards were reversed after changes in the composition of the board in the next election.
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 Culture
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 Music




Main article: Music of Kansas[image: External link]


The rock band Kansas[image: External link] was formed in the state capital of Topeka[image: External link], the hometown of several of the band's members.

Joe Walsh[image: External link], guitarist for the famous rock band, The Eagles[image: External link], was born in Wichita.

Singers from Kansas include Leavenworth[image: External link] native Melissa Etheridge[image: External link], Sharon[image: External link] native Martina McBride[image: External link], Chanute[image: External link] native Jennifer Knapp[image: External link] (whose first album was titled Kansas[image: External link]), Kansas City[image: External link] native Janelle Monáe[image: External link], and Liberal[image: External link] native Jerrod Niemann[image: External link].
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 Literature




See also: Kansas Notable Book Awards[image: External link]


The state's most famous appearance in literature was as the home of Dorothy Gale, the main character in the novel The Wonderful Wizard of Oz[image: External link] (1900). Laura Ingalls Wilder[image: External link]'s Little House on the Prairie[image: External link], published in 1935, is another well-known tale about Kansas.

Kansas was also the setting of the 1965 best-seller In Cold Blood[image: External link], described by its author Truman Capote[image: External link] as a "nonfiction novel." Mixing fact and fiction, the book chronicles the events and aftermath of the 1959 murder of a wealthy farmer and his family who lived in the small West Kansas town of Holcomb[image: External link] in Finney County[image: External link].

The winner of the 2011 Newbery Medal[image: External link] for excellence in children's literature, Moon Over Manifest[image: External link], tells the story of a young and adventurous girl named Abilene who is sent to the fictional town of Manifest, Kansas, by her father in the summer of 1936. It was written by Kansan Clare Vanderpool[image: External link].

Lawrence[image: External link] is the setting for a number of science fiction writer James Gunn[image: External link]'s novels.
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 Film




See also: List of films set in Kansas[image: External link]



	As was the case with the novel, the main character in the 1939 fantasy film The Wizard of Oz[image: External link] was a young girl who lived in Kansas with her aunt and uncle. The line, "We're not in Kansas anymore", is now used even in the United Kingdom to describe finding oneself in a totally new situation.[76]


	The 1967 feature film In Cold Blood[image: External link], like the book on which it was based, was set in various locations across Kansas. Many of the scenes in the film were filmed at the exact locations where the events profiled in the book took place. A 1996 TV miniseries[image: External link] was also based on the book.

	The 1988 film Kansas[image: External link] starred Andrew McCarthy[image: External link] as a traveler who met up with a dangerous wanted drifter played by Matt Dillon[image: External link].

	The 2005 film Capote[image: External link], for which Philip Seymour Hoffman[image: External link] was awarded the Academy Award for Best Actor[image: External link] for his portrayal of the title character, profiled the author as he traveled across Kansas while writing In Cold Blood (although most of the film itself was shot in the Canadian province of Manitoba[image: External link]).

	The setting of The Day After[image: External link], a 1983 made-for-television movie about a fictional nuclear attack, was the city of Lawrence[image: External link].

	The 2013 film Man of Steel[image: External link] is set primarily in Kansas (as Superman is from Smallville[image: External link], Kansas – a fictitious town).

	The 2012 film Looper[image: External link] is set in Kansas.

	The 1973 film Paper Moon[image: External link] in which Tatum O'Neal[image: External link] won an Academy Award for Best Supporting Actress (The youngest to win an Academy Award) was based in and filmed in Kansas. The film was shot in the small towns of Hays[image: External link]; McCracken[image: External link]; Wilson[image: External link]; and St. Joseph, Missouri[image: External link]. Various shooting locations include the Midland Hotel at Wilson; the railway depot at Gorham[image: External link]; storefronts and buildings on Main Street in White Cloud[image: External link]; Hays; sites on both sides of the Missouri River[image: External link]; Rulo Bridge[image: External link]; and Saint Joseph, Missouri[image: External link].

	Scenes of the 1996 film Mars Attacks![image: External link] took place in the fictional town of Perkinsville. Scenes taking place in Kansas were filmed in Burns[image: External link], Lawrence[image: External link], and Wichita[image: External link].

	The 2007 film The Lookout[image: External link] is set mostly in Kansas (although filmed in Canada). Specifically two locations; Kansas City and the fictional town of Noel, Kansas.[77]
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 Television





	The protagonist brothers of the 2005 TV show Supernatural[image: External link] hail from Lawrence, with the city referenced numerous times on the show.

	2006 TV series Jericho[image: External link] was based in the fictitious town of Jericho, Kansas, surviving post-nuclear America.

	Early seasons of Smallville[image: External link], about Superman as a teenager, were based in a fictional town in Kansas.

	
Gunsmoke[image: External link], a radio series western, ran from 1952 to 1961, took place in Dodge City, Kansas.

	
Gunsmoke, television series, the longest running prime time show of the 20th century, ran from September 10, 1955 to March 31, 1975 for a total of 635 episodes.

	The 2009 Showtime[image: External link] series United States of Tara[image: External link] is set in Overland Park[image: External link], a suburb of Kansas City.
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 Sports
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 Professional






	Team
	Sport
	League
	City



	Sporting Kansas City[image: External link]
	Soccer[image: External link]
	Major League Soccer[image: External link]
	Kansas City[image: External link]



	Kansas City T-Bones[image: External link]
	Baseball[image: External link]
	American Association[image: External link]
	Kansas City[image: External link]



	Garden City Wind[image: External link]
	Baseball[image: External link]
	Pecos League[image: External link]
	Garden City[image: External link]



	Dodge City Law[image: External link]
	Indoor Football[image: External link]
	Champions Indoor Football[image: External link]
	Dodge City[image: External link]



	Salina Liberty[image: External link]
	Indoor Football[image: External link]
	Champions Indoor Football[image: External link]
	Salina[image: External link]



	Salina Stockade[image: External link]
	Baseball[image: External link]
	American Association[image: External link]
	Salina[image: External link]



	Wichita Thunder[image: External link]
	Ice hockey[image: External link]
	ECHL[image: External link]
	Wichita[image: External link]



	Wichita Force[image: External link]
	Indoor Football[image: External link]
	Champions Indoor Football[image: External link]
	Wichita[image: External link]



	Wichita Wingnuts[image: External link]
	Baseball[image: External link]
	American Association[image: External link]
	Wichita[image: External link]




Sporting Kansas City, who have played their home games at Village West[image: External link] in Kansas City[image: External link], since 2008, are the first top-tier professional sports league[image: External link] and first Major League Soccer[image: External link] team to be located within Kansas. In 2011 the team moved to their new home, a $165m soccer specific stadium[image: External link] now known as Children's Mercy Park[image: External link].

Historically, many Kansans have supported the major league[image: External link] sports teams of Kansas City, Missouri[image: External link], including the Kansas City Royals[image: External link] ( MLB[image: External link]), the Kansas City Chiefs[image: External link] ( NFL[image: External link]) and the Kansas City Brigade[image: External link] ( AFL[image: External link]) – in part because the home stadiums for these teams are just miles from the Kansas border. The Chiefs and the Royals play at the Truman Sports Complex[image: External link], located about 10 miles (16 km) from the Kansas–Missouri state line. The Kansas City Brigade[image: External link] play in the newly opened Sprint Center[image: External link], which is even closer to the state line. FC Kansas City[image: External link], a charter member of the National Women's Soccer League[image: External link], played the 2013 season[image: External link], the first for both the team and the league, on the Kansas side of the metropolitan area, but has played on the Missouri side ever since. From 1973 to 1997 the flagship radio station[image: External link] for the Royals was WIBW[image: External link] in Topeka.[78]

Some Kansans, mostly from the westernmost parts of the state, support the professional sports teams of Denver[image: External link], particularly the Denver Broncos[image: External link] of the NFL.

Two major auto racing[image: External link] facilities are located in Kansas. The Kansas Speedway[image: External link] located in Kansas City hosts races of the NASCAR[image: External link], IRL[image: External link], and ARCA[image: External link] circuits. Also, the National Hot Rod Association[image: External link] (NHRA) holds drag racing[image: External link] events at Heartland Park Topeka[image: External link]. The Sports Car Club of America[image: External link] has its national headquarters in Topeka.
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 History




The history of professional sports in Kansas probably dates from the establishment of the minor league baseball[image: External link] Topeka Capitals and Leavenworth Soldiers[image: External link] in 1886 in the Western League[image: External link].[79][80] The African-American Bud Fowler[image: External link] played on the Topeka team that season, one year before the "color line[image: External link]" descended in professional baseball.[80]

In 1887, the Western League was dominated by a reorganized Topeka team called the Golden Giants[image: External link] – a high-priced collection of major leaguer players, including Bug Holliday[image: External link], Jim Conway[image: External link], Dan Stearns[image: External link], Perry Werden[image: External link] and Jimmy Macullar[image: External link], which won the league by 15½ games.[80] On April 10, 1887, the Golden Giants also won an exhibition game from the defending World Series[image: External link] champions, the St. Louis Browns[image: External link] (the present-day Cardinals), by a score of 12–9. However, Topeka was unable to support the team, and it disbanded after one year.

The first night game in the history of professional baseball was played in Independence on April 28, 1930 when the Muscogee (Oklahoma) Indians beat the Independence Producers 13 to 3 in a minor league game sanctioned by the Western League of the Western Baseball Association with 1,500 fans attending the game. The permanent lighting system was first used for an exhibition game on April 17, 1930 between the Independence Producers and House of David semi-professional baseball team of Benton Harbor, Michigan with the Independence team winning with a score of 9 to 1 before a crowd of 1,700 spectators.[81]
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 College




See also: List of college athletic programs in Kansas[image: External link]


The governing body for intercollegiate sports in the United States, the National Collegiate Athletic Association[image: External link] (NCAA), was headquartered in Johnson County, Kansas[image: External link] from 1952 until moving to Indianapolis in 1999.[82][83]
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 NCAA Division I schools




While there are no franchises of the four major professional sports within the state, many Kansans are fans of the state's major college sports teams, especially the Jayhawks[image: External link] of the University of Kansas[image: External link] (KU), and the Wildcats[image: External link] of Kansas State University[image: External link] (KSU or "K-State"). Both teams are rivals in the Big 12 Conference[image: External link].

Both KU and K-State have tradition-rich programs in men's basketball. The Jayhawks are a perennial national power, ranking second in all-time victories among NCAA programs, behind Kentucky[image: External link]. The Jayhawks have won five national titles, including NCAA tournament championships in 1952, 1988, and 2008. They also were retroactively awarded national championships by the Helms Foundation[image: External link] for 1922 and 1923. K-State also had a long stretch of success on the hardwood, lasting from the 1940s to the 1980s, making four Final Fours[image: External link] during that stretch. In 1988, KU and K-State met in the Elite Eight[image: External link], KU taking the game 71–58. After a 12-year absence, the Wildcats returned to the NCAA tournament in 2008 and made it into the Elite Eight in 2010. KU is fifth all-time with 14 Final Four appearances, while K-State's four appearances are tied for 17th.

However, success on the gridiron[image: External link] has been less frequent for both KSU and KU. However, there have been recent breakthroughs for both schools football teams. KU won the Orange Bowl[image: External link] for the first time in three tries in 2008, capping a 12–1 season, the best in school history. And when Bill Snyder[image: External link] arrived to coach at KSU in 1989, he turned the Wildcats from one of the worst college football programs in the nation into a national force for most of the 1990s and early 2000s. The team won the Fiesta Bowl[image: External link] in 1997, achieved an undefeated (11–0) regular season and No. 1 ranking in 1998, and took the Big 12 Conference[image: External link] championship in 2003. After three seasons in which K-State football languished, Snyder came out of retirement in 2009 and guided them to the top of the college football ranks again, finishing second in the Big XII in 2011 and earning a berth in the Cotton Bowl[image: External link], and winning the Big XII again in 2012.

Wichita State University[image: External link], which also fields teams (called the Shockers[image: External link]) in Division I[image: External link] of the NCAA[image: External link], is best known for its baseball and basketball programs. In baseball, the Shockers won the College World Series[image: External link] in 1989. In men's basketball, they appeared at the Final Four in 1965 and 2013, and entered the 2014 NCAA tournament unbeaten. The school also fielded a football[image: External link] team from 1897 to 1986. The Shocker football team is best known for the team's plane crash[image: External link] in 1970 that killed 31 people, including 14 of the team's players.
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 NCAA Division II schools




Notable success has also been achieved by the state's smaller schools in football. Pittsburg State University[image: External link], a NCAA Division II participant, has claimed four national titles in football, two in the NAIA and most recently the 2011 NCAA Division II national title. Pittsburg State became the winningest NCAA Division II football program in 1995. PSU passed Hillsdale College at the top of the all-time victories list in the 1995 season on its march to the national runner-up finish. The Gorillas, in 96 seasons of intercollegiate competition, have accumulated 579 victories – posting a 579–301–48 overall mark.

Washburn University[image: External link], in Topeka, won the NAIA[image: External link] Men's Basketball Championship in 1987. The Fort Hays State University[image: External link] men won the 1996 NCAA Division II title with a 34–0 record, and the Washburn women won the 2005 NCAA Division II crown. St. Benedict's College (now Benedictine College), in Atchison, won the 1954 and 1967 Men's NAIA Basketball Championships.

The Kansas Collegiate Athletic Conference[image: External link] has its roots as one of the oldest college sport conferences in existence and participates in the NAIA and all ten member schools are in the state of Kansas. Other smaller school conference that have some members in Kansas are the Heartland Conference[image: External link], the Midlands Collegiate Athletic Conference[image: External link], the Midwest Christian College Conference[image: External link], and the Heart of America Athletic Conference[image: External link]. Many junior colleges[image: External link] also have active athletic programs.
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 High school




The Kansas State High School Activities Association[image: External link] (KSHSAA) is the organization which oversees interscholastic competition in the state of Kansas at the high school level. It oversees both athletic and non-athletic competition, and sponsors championships in several sports and activities. The association is perhaps best known for devising the overtime system now used for almost all football games below the professional level (which has also been adopted at all levels of Canadian football[image: External link]).
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 Notable people




Main article: List of people from Kansas[image: External link]
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 Landmarks




Main article: List of Kansas landmarks[image: External link]


See also: National Register of Historic Places listings in Kansas[image: External link]
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 See also





	
Outline of Kansas[image: External link] – organized list of topics about Kansas

	Index of Kansas-related articles[image: External link]
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Camp Funston






For the California military base, see Fort Funston[image: External link].

Camp Funston was a U.S. Army[image: External link] training camp located on Fort Riley, southwest of Manhattan, Kansas[image: External link]. The camp was named for Brigadier General[image: External link] Frederick Funston[image: External link] (1865–1917). Camp Funston was one of sixteen Divisional Cantonment Training Camps established at the outbreak of World War I.
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See also: History of Kansas[image: External link]


Construction began during the summer of 1917 and eventually encompassed approximately 1,400 buildings on 2,000 acres (8.1 km2).

During World War I, nearly 50,000 recruits trained at the camp, commanded by Major General[image: External link] Leonard Wood[image: External link]. Notable units who received training at Camp Funston include the 89th Division, which was deployed to France in the spring of 1918, the 10th Division and black soldiers assigned to the 92nd Division.

Among those trained at Camp Funston was Texas State Representative[image: External link] George Peddy[image: External link], also the past student body president of the University of Texas[image: External link], who managed to obtain a permit to return to Austin[image: External link] for the impeachment[image: External link] proceedings against Governor[image: External link] James E. Ferguson[image: External link].[1]

During World War I, Camp Funston also served as a detention camp for conscientious objectors[image: External link] (COs) many of which were Mennonite in faith. Since it was compulsory, Hutterites sent their young men to military camps, but they did not allow them to obey any military commands or wear a uniform.

In March 1918, some of the first recorded American cases of what came to be the worldwide influenza epidemic[image: External link], also known as "Spanish Flu[image: External link]", were reported at Camp Funston.[2]

Prior to 1 October 1992, Camp Funston was the home of the United States Army Correctional Activity whose mission was to prepare prisoners for transition to civilian life as useful citizens or, in a few select cases, for return to duty. The Correctional Brigade environment was unique in that prisoner control was maintained by military discipline, instead of walls and bars for most of the typical prisoners’ stay. The Correctional Brigade doctrine was that the minimum custody/military discipline environment when coupled with correctional treatment, educational programs, military and vocational training best prepared the typical first-time prisoner for a crime-free life after prison as either a productive soldier or a useful citizen in civilian life. Moreover, this correctional system was asserted to be less expensive to establish and operate than the traditional prison.

Today, Camp Funston is the location where the training of all military transition teams[image: External link] for service in Iraq and Afghanistan takes place. Previously, transition teams had been trained at several U.S. Army installations, most notably Fort Carson, Colorado[image: External link]; Camp Atterbury, Indiana[image: External link]; Fort Hood, Texas[image: External link]; and Camp Shelby, Mississippi[image: External link]. However, in early 2006, the U.S. Army decided to consolidate all training at Fort Riley, Kansas, in order to standardize and improve training for that critical mission.

The first teams began training on June 1, 2006. The 1st Brigade, 1st Infantry Division[image: External link] took over command and control of the TT mission in October 2006. The brigade is responsible for the formation and training of the TT teams. This mission will shift to Fort Polk, Louisiana[image: External link] later in 2009.

Coordinates[image: External link]: 39°05′46.42″N 96°43′35.35″W[image: External link]
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Influenza






Not to be confused with Haemophilus influenzae[image: External link].

"Flu" and "Grippe" redirect here. For other uses, see Flu (disambiguation)[image: External link] and Grippe (disambiguation)[image: External link].



	Influenza



	Synonyms
	Flu



	Influenza virus, magnified approximately 100,000 times



	Specialty[image: External link]
	Infectious disease[image: External link]



	Symptoms
	
Fever[image: External link], runny nose[image: External link], sore throat[image: External link], muscle pains[image: External link], headache[image: External link], coughing[image: External link], feeling tired[image: External link][1]




	Usual onset
	Two days after exposure[1]




	Duration
	~1 week[1]




	Causes
	
Influenza viruses[image: External link][2]




	Prevention
	
Handwashing[image: External link], surgical mask[image: External link], influenza vaccine[3][1]




	Medication
	
Antiviral drugs such as oseltamivir[1]




	Frequency
	3–5 million per year[1]




	Deaths
	~375,000 per year[1]




	
[edit on Wikidata[image: External link]]






Influenza, commonly known as "the flu", is an infectious disease[image: External link] caused by an influenza virus[image: External link].[1] Symptoms can be mild to severe.[4] The most common symptoms[image: External link] include: a high fever[image: External link], runny nose[image: External link], sore throat[image: External link], muscle pains[image: External link], headache[image: External link], coughing[image: External link], and feeling tired[image: External link]. These symptoms typically begin two days after exposure to the virus and most last less than a week. The cough, however, may last for more than two weeks.[1] In children, there may be nausea[image: External link] and vomiting[image: External link], but these are not common in adults. Nausea and vomiting occur more commonly in the unrelated infection gastroenteritis[image: External link], which is sometimes inaccurately referred to as "stomach flu" or "24-hour flu".[5] Complications of influenza may include viral pneumonia[image: External link], secondary bacterial pneumonia, sinus infections[image: External link], and worsening of previous health problems such as asthma[image: External link] or heart failure[image: External link].[4][2]

Three types of influenza viruses affect people, called Type A, Type B, and Type C.[2] Usually, the virus is spread through the air[image: External link] from coughs or sneezes.[1] This is believed to occur mostly over relatively short distances.[6] It can also be spread by touching surfaces contaminated by the virus and then touching the mouth or eyes.[4][6] A person may be infectious to others both before and during the time they are showing symptoms.[4] The infection may be confirmed by testing the throat, sputum[image: External link], or nose for the virus. A number of rapid tests[image: External link] are available; however, people may still have the infection if the results are negative. A type of polymerase chain reaction[image: External link] that detects the virus's RNA is more accurate.[2]

Frequent hand washing reduces the risk of infection because the virus is inactivated by soap.[3] Wearing a surgical mask[image: External link] is also useful.[3] Yearly vaccinations against influenza are recommended by the World Health Organization[image: External link] for those at high risk. The vaccine is usually effective against three or four types of influenza.[1] It is usually well tolerated. A vaccine made for one year may not be useful in the following year, since the virus evolves rapidly. Antiviral drugs such as the neuraminidase inhibitor[image: External link] oseltamivir, among others, have been used to treat influenza.[1] Their benefits in those who are otherwise healthy do not appear to be greater than their risks.[7] No benefit has been found in those with other health problems.[7][8]

Influenza spreads around the world in a yearly outbreak, resulting in about three to five million cases of severe illness and about 250,000 to 500,000 deaths.[1] In the Northern and Southern parts of the world, outbreaks occur mainly in winter while in areas around the equator outbreaks may occur at any time of the year.[1] Death occurs mostly in the young, the old and those with other health problems.[1] Larger outbreaks known as pandemics are less frequent.[2] In the 20th century, three influenza pandemics occurred: Spanish influenza[image: External link] in 1918 (~50 million deaths), Asian influenza[image: External link] in 1957 (two million deaths), and Hong Kong influenza[image: External link] in 1968 (one million deaths).[9] The World Health Organization[image: External link] declared an outbreak of a new type of influenza A/H1N1 to be a pandemic in June 2009.[10] Influenza may also affect other animals, including pigs, horses and birds.[11]
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 Signs and symptoms






	Most symptoms for diagnosing influenza



	Symptom:
	sensitivity[image: External link]
	specificity[image: External link]



	Fever
	68–86%
	25–73%



	Cough
	84–98%
	7–29%



	Nasal congestion
	68–91%
	19–41%



	

	All three findings, especially fever, were less sensitive in people over 60 years of age.








Approximately 33% of people with influenza are asymptomatic.[14]

Symptoms of influenza can start quite suddenly one to two days after infection. Usually the first symptoms are chills or a chilly sensation, but fever is also common early in the infection, with body temperatures ranging from 38 to 39 °C (approximately 100 to 103 °F).[15] Many people are so ill that they are confined to bed for several days, with aches and pains throughout their bodies, which are worse in their backs and legs.[16] Symptoms of influenza may include:


	
Fever[image: External link] and extreme coldness (chills shivering[image: External link], shaking ( rigor[image: External link]))

	Cough[image: External link]

	Nasal congestion[image: External link]

	Vomiting[image: External link]

	Runny nose[image: External link]

	Sneezing[image: External link]

	
Body aches[image: External link], especially joints and throat

	Fatigue[image: External link]

	Headache[image: External link]

	Irritated, watering eyes[image: External link]


	Reddened eyes, skin (especially face)[image: External link], mouth, throat and nose

	
Petechial rash[17]


	In children, gastrointestinal symptoms such as diarrhea[image: External link] and abdominal pain[image: External link],[18][19] (may be severe in children with influenza B)[20]




It can be difficult to distinguish between the common cold[image: External link] and influenza in the early stages of these infections.[21] Influenza is a mixture of symptoms of common cold and pneumonia, body ache, headache, and fatigue. Diarrhea is not normally a symptom of influenza in adults,[12] although it has been seen in some human cases of the H5N1[image: External link] "bird flu"[22] and can be a symptom in children.[18] The symptoms most reliably seen in influenza are shown in the adjacent table.[12]

Since antiviral drugs are effective in treating influenza if given early (see treatment section, below), it can be important to identify cases early. Of the symptoms listed above, the combinations of fever with cough, sore throat and/or nasal congestion can improve diagnostic accuracy.[23] Two decision analysis[image: External link] studies[24][25] suggest that during local outbreaks of influenza, the prevalence[image: External link] will be over 70%,[25] and thus patients with any of these combinations of symptoms may be treated with neuraminidase inhibitors[image: External link] without testing. Even in the absence of a local outbreak, treatment may be justified in the elderly during the influenza season as long as the prevalence is over 15%.[25]

The available laboratory tests for influenza continue to improve. The United States Centers for Disease Control and Prevention (CDC) maintains an up-to-date summary of available laboratory tests.[26] According to the CDC, rapid diagnostic tests have a sensitivity of 50–75% and specificity of 90–95% when compared with viral culture[image: External link].[27] These tests may be especially useful during the influenza season (prevalence=25%) but in the absence of a local outbreak, or peri-influenza season (prevalence=10%[25]).

Occasionally, influenza can cause severe illness including primary viral pneumonia or secondary bacterial pneumonia.[28][29] The obvious symptom is trouble breathing. In addition, if a child (or presumably an adult) seems to be getting better and then relapses with a high fever, that is a danger sign since this relapse can be bacterial pneumonia.[30]
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In virus classification[image: External link] influenza viruses are RNA viruses[image: External link] that make up three of the five genera[image: External link] of the family Orthomyxoviridae:[31]


	Influenzavirus A[image: External link]

	Influenzavirus B

	Influenzavirus C



These viruses are only distantly related to the human parainfluenza viruses[image: External link], which are RNA viruses belonging to the paramyxovirus[image: External link] family that are a common cause of respiratory infections in children such as croup,[32] but can also cause a disease similar to influenza in adults.[33]

A fourth family of influenza viruses has been proposed - influenza D.[34][35][36][37][38][39][40] The type species for this family is Bovine Influenza D virus which was first isolated in 2012.
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 Influenzavirus A




This genus has one species, influenza A virus. Wild aquatic birds are the natural hosts for a large variety of influenza A. Occasionally, viruses are transmitted to other species and may then cause devastating outbreaks in domestic poultry or give rise to human influenza pandemics.[41] The type A viruses are the most virulent human pathogens among the three influenza types and cause the severest disease. The influenza A virus can be subdivided into different serotypes[image: External link] based on the antibody[image: External link] response to these viruses.[42] The serotypes that have been confirmed in humans, ordered by the number of known human pandemic deaths, are:


	
H1N1, which caused Spanish Flu[image: External link] in 1918, and Swine Flu in 2009

	
H2N2, which caused Asian Flu[image: External link] in 1957

	
H3N2, which caused Hong Kong Flu[image: External link] in 1968

	
H5N1[image: External link], which caused Bird Flu in 2004

	
H7N7[image: External link], which has unusual zoonotic[image: External link] potential[43]


	
H1N2[image: External link], endemic in humans, pigs and birds

	H9N2[image: External link]

	H7N2[image: External link]

	H7N3[image: External link]

	H10N7[image: External link]

	H7N9[image: External link]
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This genus has one species, influenza B virus. Influenza B almost exclusively infects humans[42] and is less common than influenza A. The only other animals known to be susceptible to influenza B infection are the seal[image: External link][44] and the ferret[image: External link].[45] This type of influenza mutates at a rate 2–3 times slower than type A[46] and consequently is less genetically diverse, with only one influenza B serotype.[42] As a result of this lack of antigenic[image: External link] diversity, a degree of immunity to influenza B is usually acquired at an early age. However, influenza B mutates enough that lasting immunity is not possible.[47] This reduced rate of antigenic change, combined with its limited host range (inhibiting cross species antigenic shift[image: External link]), ensures that pandemics of influenza B do not occur.[48]
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This genus has one species, influenza C virus, which infects humans, dogs and pigs, sometimes causing both severe illness and local epidemics.[49][50] However, influenza C is less common than the other types and usually only causes mild disease in children.[51][52]
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Influenzaviruses A, B and C are very similar in overall structure.[53] The virus particle is 80–120 nanometers[image: External link] in diameter and usually roughly spherical, although filamentous forms can occur.[54][55] These filamentous forms are more common in influenza C, which can form cordlike structures up to 500  micrometers[image: External link] long on the surfaces of infected cells.[56] However, despite these varied shapes, the viral particles of all influenza viruses are similar in composition.[56] These are made of a viral envelope[image: External link] containing two main types of glycoproteins[image: External link], wrapped around a central core. The central core contains the viral RNA genome[image: External link] and other viral proteins that package and protect this RNA. RNA tends to be single stranded but in special cases it is double.[55] Unusually for a virus, its genome is not a single piece of nucleic acid[image: External link]; instead, it contains seven or eight pieces of segmented negative-sense[image: External link] RNA, each piece of RNA containing either one or two genes[image: External link], which code for a gene product (protein).[56] For example, the influenza A genome contains 11 genes on eight pieces of RNA, encoding for 11 proteins[image: External link]: hemagglutinin[image: External link] (HA), neuraminidase[image: External link] (NA), nucleoprotein[image: External link] (NP), M1[image: External link], M2[image: External link], NS1[image: External link], NS2 (NEP: nuclear export protein), PA, PB1 (polymerase basic 1), PB1-F2 and PB2.[57]

Hemagglutinin (HA) and neuraminidase (NA) are the two large glycoproteins on the outside of the viral particles. HA is a lectin[image: External link] that mediates binding of the virus to target cells and entry of the viral genome into the target cell, while NA is involved in the release of progeny virus from infected cells, by cleaving sugars that bind the mature viral particles.[58] Thus, these proteins are targets for antiviral drugs[image: External link].[59] Furthermore, they are antigens[image: External link] to which antibodies[image: External link] can be raised. Influenza A viruses are classified into subtypes based on antibody responses to HA and NA. These different types of HA and NA form the basis of the H and N distinctions in, for example, H5N1.[60] There are 16 H and 9 N subtypes known, but only H 1, 2 and 3, and N 1 and 2 are commonly found in humans.[61]
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Viruses can replicate only in living cells.[62] Influenza infection and replication is a multi-step process: First, the virus has to bind to and enter the cell, then deliver its genome to a site where it can produce new copies of viral proteins and RNA, assemble these components into new viral particles, and, last, exit the host cell.[56]

Influenza viruses bind through hemagglutinin[image: External link] onto sialic acid[image: External link] sugars on the surfaces of epithelial cells[image: External link], typically in the nose, throat, and lungs[image: External link] of mammals, and intestines[image: External link] of birds (Stage 1 in infection figure).[63] After the hemagglutinin is cleaved[image: External link] by a protease[image: External link], the cell imports the virus by endocytosis[image: External link].[64]

The intracellular details are still being elucidated. It is known that virions converge to the microtubule[image: External link] organizing center, interact with acidic endosomes and finally enter the target endosomes for genome release.[65]

Once inside the cell, the acidic conditions in the endosome[image: External link] cause two events to happen: First, part of the hemagglutinin protein fuses the viral envelope[image: External link] with the vacuole's membrane, then the M2 ion channel[image: External link] allows protons[image: External link] to move through the viral envelope and acidify the core of the virus, which causes the core to disassemble and release the viral RNA and core proteins.[56] The viral RNA (vRNA) molecules, accessory proteins and RNA-dependent RNA polymerase[image: External link] are then released into the cytoplasm[image: External link] (Stage 2).[66] The M2 ion channel is blocked by amantadine drugs, preventing infection.[67]

These core proteins and vRNA form a complex that is transported into the cell nucleus[image: External link], where the RNA-dependent RNA polymerase begins transcribing complementary positive-sense vRNA (Steps 3a and b).[68] The vRNA either is exported into the cytoplasm and translated (step 4) or remains in the nucleus. Newly synthesized viral proteins are either secreted through the Golgi apparatus[image: External link] onto the cell surface (in the case of neuraminidase and hemagglutinin, step 5b) or transported back into the nucleus to bind vRNA and form new viral genome particles (step 5a). Other viral proteins have multiple actions in the host cell, including degrading cellular mRNA[image: External link] and using the released nucleotides[image: External link] for vRNA synthesis and also inhibiting translation[image: External link] of host-cell mRNAs.[69]

Negative-sense vRNAs that form the genomes[image: External link] of future viruses, RNA-dependent RNA polymerase, and other viral proteins are assembled into a virion. Hemagglutinin and neuraminidase molecules cluster into a bulge in the cell membrane. The vRNA and viral core[image: External link] proteins leave the nucleus and enter this membrane protrusion (step 6). The mature virus buds off from the cell in a sphere of host phospholipid membrane[image: External link], acquiring hemagglutinin and neuraminidase with this membrane coat (step 7).[70] As before, the viruses adhere to the cell through hemagglutinin; the mature viruses detach once their neuraminidase[image: External link] has cleaved sialic acid residues from the host cell.[63] After the release of new influenza viruses, the host cell dies.

Because of the absence of RNA proofreading[image: External link] enzymes, the RNA-dependent RNA polymerase that copies the viral genome makes an error roughly every 10 thousand nucleotides, which is the approximate length of the influenza vRNA. Hence, the majority of newly manufactured influenza viruses are mutants; this causes antigenic drift[image: External link], which is a slow change in the antigens on the viral surface over time.[71] The separation of the genome into eight separate segments of vRNA allows mixing or reassortment of vRNAs if more than one type of influenza virus infects a single cell. The resulting rapid change in viral genetics produces antigenic shifts[image: External link], which are sudden changes from one antigen to another. These sudden large changes allow the virus to infect new host species and quickly overcome protective immunity.[60] This is important in the emergence of pandemics, as discussed below in the section on Epidemiology.
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When an infected person sneezes or coughs more than half a million virus particles can be spread to those close by.[72] In otherwise healthy adults, influenza virus shedding (the time during which a person might be infectious to another person) increases sharply one-half to one day after infection, peaks on day 2 and persists for an average total duration of 5 days—but can persist as long as 9 days.[73] In those who develop symptoms from experimental infection (only 67% of healthy experimentally infected individuals), symptoms and viral shedding show a similar pattern, but with viral shedding preceding illness by one day.[73] Children are much more infectious than adults and shed virus from just before they develop symptoms until two weeks after infection.[74] In immunocompromised people, viral shedding can continue for longer than two weeks.[75]

Influenza can be spread in three main ways:[76][77] by direct transmission (when an infected person sneezes mucus directly into the eyes, nose or mouth of another person); the airborne route (when someone inhales the aerosols[image: External link] produced by an infected person coughing, sneezing or spitting) and through hand-to-eye, hand-to-nose, or hand-to-mouth transmission, either from contaminated surfaces or from direct personal contact such as a handshake. The relative importance of these three modes of transmission is unclear, and they may all contribute to the spread of the virus.[6] In the airborne route, the droplets that are small enough for people to inhale are 0.5 to 5  µm[image: External link] in diameter and inhaling just one droplet might be enough to cause an infection.[76] Although a single sneeze releases up to 40,000 droplets,[78] most of these droplets are quite large and will quickly settle out of the air.[76] How long influenza survives in airborne droplets seems to be influenced by the levels of humidity[image: External link] and UV radiation[image: External link], with low humidity and a lack of sunlight in winter aiding its survival.[76]

As the influenza virus can persist outside of the body, it can also be transmitted by contaminated surfaces such as banknotes,[79] doorknobs, light switches and other household items.[16] The length of time the virus will persist on a surface varies, with the virus surviving for one to two days on hard, non-porous surfaces such as plastic or metal, for about fifteen minutes from dry paper tissues, and only five minutes on skin.[80] However, if the virus is present in mucus, this can protect it for longer periods (up to 17 days on banknotes).[76][79] Avian influenza viruses can survive indefinitely when frozen.[81] They are inactivated by heating to 56 °C (133 °F) for a minimum of 60 minutes, as well as by acids (at pH <2).[81]
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The mechanisms by which influenza infection causes symptoms in humans have been studied intensively. One of the mechanisms is believed to be the inhibition of adrenocorticotropic hormone[image: External link] (ACTH) resulting in lowered cortisol[image: External link] levels.[82] Knowing which genes are carried by a particular strain can help predict how well it will infect humans and how severe this infection will be (that is, predict the strain's pathophysiology[image: External link]).[50][83]

For instance, part of the process that allows influenza viruses to invade cells is the cleavage[image: External link] of the viral hemagglutinin[image: External link] protein by any one of several human proteases[image: External link].[64] In mild and avirulent viruses, the structure of the hemagglutinin means that it can only be cleaved by proteases found in the throat and lungs, so these viruses cannot infect other tissues. However, in highly virulent strains, such as H5N1, the hemagglutinin can be cleaved by a wide variety of proteases, allowing the virus to spread throughout the body.[83]

The viral hemagglutinin protein is responsible for determining both which species a strain can infect and where in the human respiratory tract[image: External link] a strain of influenza will bind.[84] Strains that are easily transmitted between people have hemagglutinin proteins that bind to receptors in the upper part of the respiratory tract, such as in the nose, throat and mouth. In contrast, the highly lethal H5N1 strain binds to receptors that are mostly found deep in the lungs.[85] This difference in the site of infection may be part of the reason why the H5N1 strain causes severe viral pneumonia in the lungs, but is not easily transmitted by people coughing and sneezing.[86][87]

Common symptoms of the flu such as fever, headaches, and fatigue are the result of the huge amounts of proinflammatory cytokines[image: External link] and chemokines[image: External link] (such as interferon[image: External link] or tumor necrosis factor[image: External link]) produced from influenza-infected cells.[21][88] In contrast to the rhinovirus[image: External link] that causes the common cold[image: External link], influenza does cause tissue damage, so symptoms are not entirely due to the inflammatory response[image: External link].[89] This massive immune response might produce a life-threatening cytokine storm. This effect has been proposed to be the cause of the unusual lethality of both the H5N1 avian influenza,[90] and the 1918 pandemic strain.[91][92] However, another possibility is that these large amounts of cytokines are just a result of the massive levels of viral replication produced by these strains, and the immune response does not itself contribute to the disease.[93]
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Main article: Influenza vaccine


The influenza vaccine is recommended by the World Health Organization[image: External link] and United States Centers for Disease Control and Prevention for high-risk groups, such as children, the elderly, health care workers, and people who have chronic illnesses such as asthma[image: External link], diabetes[image: External link], heart disease[image: External link], or are immuno-compromised among others.[94][95] In healthy adults it is modestly effective in decreasing the amount of influenza-like symptoms in a population.[96] Evidence is supportive of a decreased rate of influenza in children over the age of two.[97] In those with chronic obstructive pulmonary disease[image: External link] vaccination reduces exacerbations,[98] it is not clear if it reduces asthma exacerbations.[99] Evidence supports a lower rate of influenza-like illness in many groups who are immunocompromised such as those with: HIV/AIDS[image: External link], cancer[image: External link], and post organ transplant.[100] In those at high risk immunization may reduce the risk of heart disease[image: External link].[101] Whether immunizing health care workers affects patient outcomes is controversial with some reviews finding insufficient evidence[102][103] and others finding tentative evidence.[104][105]

Due to the high mutation rate[image: External link] of the virus, a particular influenza vaccine usually confers protection for no more than a few years. Every year, the World Health Organization predicts which strains of the virus are most likely to be circulating in the next year (see Historical annual reformulations of the influenza vaccine), allowing pharmaceutical companies[image: External link] to develop vaccines that will provide the best immunity against these strains.[106] The vaccine is reformulated each season for a few specific flu strains but does not include all the strains active in the world during that season. It takes about six months for the manufacturers to formulate and produce the millions of doses required to deal with the seasonal epidemics; occasionally, a new or overlooked strain becomes prominent during that time.[107] It is also possible to get infected just before vaccination and get sick with the strain that the vaccine is supposed to prevent, as the vaccine takes about two weeks to become effective.[108]

Vaccines can cause the immune system to react as if the body were actually being infected, and general infection symptoms (many cold and flu symptoms are just general infection symptoms) can appear, though these symptoms are usually not as severe or long-lasting as influenza. The most dangerous adverse effect[image: External link] is a severe allergic reaction[image: External link] to either the virus material itself or residues from the hen eggs used to grow the influenza; however, these reactions are extremely rare.[109]

The cost-effectiveness of seasonal influenza vaccination has been widely evaluated for different groups and in different settings.[110] It has generally been found to be a cost-effective intervention, especially in children[111] and the elderly,[112] however the results of economic evaluations of influenza vaccination have often been found to be dependent on key assumptions.[113][114]
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Further information: Influenza prevention[image: External link]


Reasonably effective ways to reduce the transmission of influenza include good personal health and hygiene habits such as: not touching your eyes, nose or mouth;[115] frequent hand washing[image: External link] (with soap and water, or with alcohol-based hand rubs);[116] covering coughs and sneezes; avoiding close contact with sick people; and staying home yourself if you are sick. Avoiding spitting is also recommended.[117] Although face masks[image: External link] might help prevent transmission when caring for the sick,[118][119] there is mixed evidence on beneficial effects in the community.[117][120] Smoking raises the risk of contracting influenza, as well as producing more severe disease symptoms.[121][122]

Since influenza spreads through both aerosols[image: External link] and contact with contaminated surfaces, surface sanitizing may help prevent some infections.[123] Alcohol[image: External link] is an effective sanitizer against influenza viruses, while quaternary ammonium compounds[image: External link] can be used with alcohol so that the sanitizing effect lasts for longer.[124] In hospitals, quaternary ammonium compounds and bleach[image: External link] are used to sanitize rooms or equipment that have been occupied by patients with influenza symptoms.[124] At home, this can be done effectively with a diluted chlorine bleach.[125]

Social distancing[image: External link] strategies used during past pandemics, such as closing schools, churches and theaters, slowed the spread of the virus but did not have a large effect on the overall death rate.[126][127] It is uncertain if reducing public gatherings, by for example closing schools and workplaces, will reduce transmission since people with influenza may just be moved from one area to another; such measures would also be difficult to enforce and might be unpopular.[117] When small numbers of people are infected, isolating the sick might reduce the risk of transmission.[117]
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Main article: Influenza treatment


People with the flu are advised to get plenty of rest, drink plenty of liquids, avoid using alcohol[image: External link] and tobacco[image: External link] and, if necessary, take medications such as acetaminophen ( paracetamol[image: External link]) to relieve the fever and muscle aches associated with the flu.[128] Children and teenagers with flu symptoms (particularly fever) should avoid taking aspirin[image: External link] during an influenza infection (especially influenza type B), because doing so can lead to Reye's syndrome[image: External link], a rare but potentially fatal disease of the liver[image: External link].[129] Since influenza is caused by a virus, antibiotics[image: External link] have no effect on the infection; unless prescribed for secondary infections such as bacterial pneumonia. Antiviral medication may be effective, if given early, but some strains of influenza can show resistance to the standard antiviral drugs and there is concern about the quality of the research.[130]
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The two classes of antiviral drugs used against influenza are neuraminidase inhibitors[image: External link] (oseltamivir and zanamivir) and M2 protein[image: External link] inhibitors (adamantane derivatives).
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Overall the benefits of neuraminidase inhibitors in those who are otherwise healthy do not appear to be greater than the risks.[7] There does not appear to be any benefit in those with other health problems.[7] In those believed to have the flu, they decreased the length of time symptoms were present by slightly less than a day but did not appear to affect the risk of complications such as needing hospitalization or pneumonia.[8] Previous to 2013 the benefits were unclear as the manufacturer ( Roche[image: External link]) refused to release trial data for independent analysis.[131] Increasingly prevalent resistance to neuraminidase inhibitors has led to researchers to seek alternative antiviral drugs with different mechanisms of action.[132]
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The antiviral drugs amantadine and rimantadine inhibit a viral ion channel[image: External link] (M2 protein[image: External link]), thus inhibiting replication of the influenza A virus.[67] These drugs are sometimes effective against influenza A if given early in the infection but are ineffective against influenza B viruses, which lack the M2 drug target.[133] Measured resistance to amantadine and rimantadine in American isolates of H3N2 has increased to 91% in 2005.[134] This high level of resistance may be due to the easy availability of amantadines as part of over-the-counter cold remedies in countries such as China and Russia,[135] and their use to prevent outbreaks of influenza in farmed poultry.[136][137] The CDC recommended against using M2 inhibitors during the 2005–06 influenza season due to high levels of drug resistance[image: External link].[138]
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Influenza's effects are much more severe and last longer than those of the common cold[image: External link]. Most people will recover completely in about one to two weeks, but others will develop life-threatening complications (such as pneumonia). Thus, influenza can be deadly, especially for the weak, young and old, or chronically ill.[60] People with a weak immune system[image: External link], such as people with advanced HIV[image: External link] infection or transplant patients (whose immune systems are medically suppressed to prevent transplant organ rejection), suffer from particularly severe disease.[139] Pregnant women and young children are also at a high risk for complications.[140]

The flu can worsen chronic health problems. People with emphysema, chronic bronchitis or asthma may experience shortness of breath[image: External link] while they have the flu, and influenza may cause worsening of coronary heart disease[image: External link] or congestive heart failure[image: External link].[141] Smoking[image: External link] is another risk factor[image: External link] associated with more serious disease and increased mortality from influenza.[142]

According to the World Health Organization: "Every winter, tens of millions of people get the flu. Most are only ill and out of work for a week, yet the elderly are at a higher risk of death from the illness. We know the worldwide death toll exceeds a few hundred thousand people a year, but even in developed countries the numbers are uncertain, because medical authorities don't usually verify who actually died of influenza and who died of a flu-like illness."[143] Even healthy people can be affected, and serious problems from influenza can happen at any age. People over 65 years old, pregnant women, very young children and people of any age with chronic medical conditions[image: External link] are more likely to get complications from influenza, such as pneumonia, bronchitis[image: External link], sinus[image: External link], and ear infections[image: External link].[144]

In some cases, an autoimmune[image: External link] response to an influenza infection may contribute to the development of Guillain–Barré syndrome[image: External link].[145] However, as many other infections can increase the risk of this disease, influenza may only be an important cause during epidemics.[145][146] This syndrome has been believed to also be a rare side effect of influenza vaccines. One review gives an incidence of about one case per million vaccinations.[147] Getting infected by influenza itself increases both the risk of death (up to 1 in 10,000) and increases the risk of developing GBS to a much higher level than the highest level of suspected vaccine involvement (approx. 10 times higher by recent estimates).[148][149]
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Further information: Flu season


Influenza reaches peak prevalence in winter, and because the Northern and Southern Hemispheres[image: External link] have winter at different times of the year, there are actually two different flu seasons each year. This is why the World Health Organization (assisted by the National Influenza Centers[image: External link]) makes recommendations for two different vaccine formulations every year; one for the Northern, and one for the Southern Hemisphere.[106]

A long-standing puzzle has been why outbreaks of the flu occur seasonally rather than uniformly throughout the year. One possible explanation is that, because people are indoors more often during the winter, they are in close contact more often, and this promotes transmission from person to person. Increased travel due to the Northern Hemisphere winter holiday season may also play a role.[150] Another factor is that cold temperatures lead to drier air, which may dehydrate mucus, preventing the body from effectively expelling virus particles. The virus also survives longer on surfaces at colder temperatures and aerosol transmission of the virus is highest in cold environments (less than 5 °C) with low relative humidity.[151] The lower air humidity in winter seems to be the main cause of seasonal influenza transmission in temperate regions.[152][153]

However, seasonal changes in infection rates also occur in tropical regions, and in some countries these peaks of infection are seen mainly during the rainy season.[154] Seasonal changes in contact rates from school terms, which are a major factor in other childhood diseases[image: External link] such as measles[image: External link] and pertussis[image: External link], may also play a role in the flu. A combination of these small seasonal effects may be amplified by dynamical resonance with the endogenous disease cycles.[155] H5N1[image: External link] exhibits seasonality in both humans and birds.[156]

An alternative hypothesis to explain seasonality in influenza infections is an effect of vitamin D[image: External link] levels on immunity to the virus.[157] This idea was first proposed by Robert Edgar Hope-Simpson[image: External link] in 1965.[158] He proposed that the cause of influenza epidemics during winter may be connected to seasonal fluctuations of vitamin D, which is produced in the skin under the influence of solar (or artificial) UV radiation[image: External link]. This could explain why influenza occurs mostly in winter and during the tropical rainy season, when people stay indoors, away from the sun, and their vitamin D levels fall.
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Further information: Flu pandemic[image: External link]


As influenza is caused by a variety of species and strains of viruses[image: External link], in any given year some strains can die out while others create epidemics[image: External link], while yet another strain can cause a pandemic. Typically, in a year's normal two flu seasons (one per hemisphere), there are between three and five million cases of severe illness and around 500,000 deaths worldwide,[159] which by some definitions is a yearly influenza epidemic.[160] Although the incidence of influenza can vary widely between years, approximately 36,000 deaths and more than 200,000 hospitalizations are directly associated with influenza every year in the United States.[161][162] One method of calculating influenza mortality produced an estimate of 41,400 average deaths per year in the United States between 1979 and 2001.[163] Different methods in 2010 by the Centers for Disease Control and Prevention (CDC) reported a range from a low of about 3,300 deaths to a high of 49,000 per year.[164]

Roughly three times per century, a pandemic occurs, which infects a large proportion of the world's population and can kill tens of millions of people (see pandemics section[image: External link]). One study estimated that if a strain with similar virulence[image: External link] to the 1918 influenza emerged today, it could kill between 50 and 80 million people.[165]

New influenza viruses are constantly evolving[image: External link] by mutation or by reassortment.[42] Mutations can cause small changes in the hemagglutinin[image: External link] and neuraminidase[image: External link] antigens[image: External link] on the surface of the virus. This is called antigenic drift[image: External link], which slowly creates an increasing variety of strains until one evolves that can infect people who are immune to the pre-existing strains. This new variant then replaces the older strains as it rapidly sweeps through the human population, often causing an epidemic.[166] However, since the strains produced by drift will still be reasonably similar to the older strains, some people will still be immune to them. In contrast, when influenza viruses reassort, they acquire completely new antigens—for example by reassortment between avian strains and human strains; this is called antigenic shift[image: External link]. If a human influenza virus is produced that has entirely new antigens, everybody will be susceptible, and the novel influenza will spread uncontrollably, causing a pandemic.[167] In contrast to this model of pandemics based on antigenic drift and shift, an alternative approach has been proposed where the periodic pandemics are produced by interactions of a fixed set of viral strains with a human population with a constantly changing set of immunities to different viral strains.[168]

From a public health point of view, flu epidemics spread rapidly and are very difficult to control. Most influenza virus strains are not very infectious and each infected individual will only go on to infect one or two other individuals (the basic reproduction number for influenza is generally around 1.4). However, the generation time for influenza is extremely short: the time from a person becoming infected to when he infects the next person is only two days. The short generation time means that influenza epidemics generally peak at around 2 months and burn out after 3 months: the decision to intervene in an influenza epidemic therefore has to be taken early, and the decision is therefore often made on the back of incomplete data. Another problem is that individuals become infectious before they become symptomatic, which means that putting people in quarantine after they become ill is not an effective public health intervention.[169] For the average person, viral shedding tends to peak on day two whereas symptoms peak on day three.[14]
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See also: Timeline of influenza[image: External link]
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The word Influenza comes from the Italian language[image: External link] meaning "influence" and refers to the cause of the disease; initially, this ascribed illness to unfavorable astrological[image: External link] influences.[170] Changes in medical thought led to its modification to influenza del freddo, meaning "influence of the cold". The word influenza was first used in English to refer to the disease we know today in 1703 by J. Hugger of the University of Edinburgh in his thesis De Catarrho epidemio, vel Influenza, prout in India occidentali sese ostendit.[171] Archaic terms for influenza include epidemic catarrh, grippe (from the French, first used by Molyneaux in 1694 [172]), sweating sickness, and Spanish fever (particularly for the 1918 flu pandemic strain).[173]
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Further information: Influenza pandemic, Spanish flu[image: External link], and Hong Kong flu[image: External link]


The symptoms of human influenza were clearly described by Hippocrates[image: External link] roughly 2,400 years ago.[175][176] Although the virus seems to have caused epidemics throughout human history, historical data on influenza are difficult to interpret, because the symptoms can be similar to those of other respiratory diseases.[177][178] The disease may have spread from Europe to the Americas as early as the European colonization of the Americas[image: External link]; since almost the entire indigenous population of the Antilles was killed by an epidemic resembling influenza that broke out in 1493, after the arrival of Christopher Columbus[image: External link].[179][180]

The first convincing record of an influenza pandemic was of an outbreak in 1580, which began in Russia and spread to Europe via Africa. In Rome[image: External link], over 8,000 people were killed, and several Spanish cities were almost wiped out. Pandemics continued sporadically throughout the 17th and 18th centuries, with the pandemic of 1830–1833 being particularly widespread; it infected approximately a quarter of the people exposed.[178]

The most famous and lethal outbreak was the 1918 flu pandemic (Spanish flu pandemic) (type A influenza[image: External link], H1N1 subtype), which lasted from 1918 to 1919. It is not known exactly how many it killed, but estimates range from 50 to 100 million people.[174][181][182] This pandemic has been described as "the greatest medical holocaust in history" and may have killed as many people as the Black Death.[178] This huge death toll was caused by an extremely high infection rate of up to 50% and the extreme severity of the symptoms, suspected to be caused by cytokine storms.[182] Symptoms in 1918 were so unusual that initially influenza was misdiagnosed as dengue, cholera, or typhoid. One observer wrote, "One of the most striking of the complications was hemorrhage from mucous membranes[image: External link], especially from the nose, stomach, and intestine. Bleeding from the ears and petechial hemorrhages in the skin also occurred."[181] The majority of deaths were from bacterial pneumonia, a secondary infection caused by influenza, but the virus also killed people directly, causing massive hemorrhages and edema in the lung.[183]

The 1918 flu pandemic was truly global, spreading even to the Arctic[image: External link] and remote Pacific islands. The unusually severe disease killed between two and twenty percent of those infected, as opposed to the more usual flu epidemic mortality rate[image: External link] of 0.1%.[174][181] Another unusual feature of this pandemic was that it mostly killed young adults, with 99% of pandemic influenza deaths occurring in people under 65, and more than half in young adults 20 to 40 years old.[184] This is unusual since influenza is normally most deadly to the very young (under age 2) and the very old (over age 70). The total mortality of the 1918–1919 pandemic is not known, but it is estimated that 2.5% to 5% of the world's population was killed. As many as 25 million may have been killed in the first 25 weeks; in contrast, HIV/AIDS[image: External link] has killed 25 million in its first 25 years.[181]

Later flu pandemics were not so devastating. They included the 1957 Asian Flu[image: External link] (type A, H2N2 strain) and the 1968 Hong Kong Flu[image: External link] (type A, H3N2 strain), but even these smaller outbreaks killed millions of people. In later pandemics antibiotics[image: External link] were available to control secondary infections and this may have helped reduce mortality compared to the Spanish Flu of 1918.[174]



	Known [9][178]




	Name of pandemic
	Date
	Deaths
	Case fatality rate
	Subtype involved
	Pandemic Severity Index[image: External link]



	1889–1890 flu pandemic

(Asiatic or Russian Flu)[185]
	1889–1890
	1 million
	0.15%
	possibly H3N8[image: External link]

or H2N2
	N/A



	1918 flu pandemic

(Spanish flu)[186]
	1918–1920
	20 to 100 million
	2%
	H1N1
	5



	Asian Flu[image: External link]
	1957–1958
	1 to 1.5 million
	0.13%
	H2N2
	2



	Hong Kong Flu[image: External link]
	1968–1969
	0.75 to 1 million
	<0.1%
	H3N2
	2



	Russian flu[image: External link]
	1977–1978
	no accurate count
	N/A
	H1N1
	N/A



	2009 flu pandemic[187]
	2009–2010
	105,700–395,600[188]
	0.03%
	H1N1
	N/A




The first influenza virus to be isolated was from poultry, when in 1901 the agent causing a disease called "fowl plague" was passed through Chamberland filters[image: External link], which have pores that are too small for bacteria[image: External link] to pass through.[189] The etiological[image: External link] cause of influenza, the Orthomyxoviridae family of viruses, was first discovered in pigs[image: External link] by Richard Shope[image: External link] in 1931.[190] This discovery was shortly followed by the isolation of the virus from humans by a group headed by Patrick Laidlaw[image: External link] at the Medical Research Council[image: External link] of the United Kingdom[image: External link] in 1933.[191] However, it was not until Wendell Stanley[image: External link] first crystallized tobacco mosaic virus[image: External link] in 1935 that the non-cellular[image: External link] nature of viruses was appreciated.

The first significant step towards preventing influenza was the development in 1944 of a killed-virus vaccine for influenza by Thomas Francis, Jr.[image: External link] This built on work by Australian Frank Macfarlane Burnet[image: External link], who showed that the virus lost virulence when it was cultured in fertilized hen's eggs.[193] Application of this observation by Francis allowed his group of researchers at the University of Michigan[image: External link] to develop the first influenza vaccine, with support from the U.S. Army[image: External link].[194] The Army was deeply involved in this research due to its experience of influenza in World War I, when thousands of troops were killed by the virus in a matter of months.[181] In comparison to vaccines, the development of anti-influenza drugs has been slower, with amantadine being licensed in 1966 and, almost thirty years later, the next class of drugs (the neuraminidase inhibitors[image: External link]) being developed.[61]
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Further information: Social impact of H5N1[image: External link]


Influenza produces direct costs[image: External link] due to lost productivity[image: External link] and associated medical treatment, as well as indirect costs[image: External link] of preventative measures. In the United States, influenza is responsible for a total cost of over $10 billion per year, while it has been estimated that a future pandemic could cause hundreds of billions of dollars in direct and indirect costs.[195] However, the economic impacts of past pandemics have not been intensively studied, and some authors have suggested that the Spanish influenza[image: External link] actually had a positive long-term effect on per-capita income growth, despite a large reduction in the working population and severe short-term depressive[image: External link] effects.[196] Other studies have attempted to predict the costs of a pandemic as serious as the 1918 Spanish flu on the U.S. economy[image: External link], where 30% of all workers became ill, and 2.5% were killed. A 30% sickness rate and a three-week length of illness would decrease the gross domestic product[image: External link] by 5%. Additional costs would come from medical treatment of 18 million to 45 million people, and total economic costs would be approximately $700 billion.[197]

Preventative costs are also high. Governments worldwide have spent billions of U.S. dollars[image: External link] preparing and planning for a potential H5N1 avian influenza pandemic, with costs associated with purchasing drugs and vaccines as well as developing disaster drills[image: External link] and strategies for improved border controls[image: External link].[198] On 1 November 2005, United States President[image: External link] George W. Bush[image: External link] unveiled the National Strategy to Safeguard Against the Danger of Pandemic Influenza[195] backed by a request to Congress[image: External link] for $7.1 billion to begin implementing the plan.[199] Internationally, on 18 January 2006, donor nations pledged US$2 billion to combat bird flu at the two-day International Pledging Conference on Avian and Human Influenza held in China.[200]

In an assessment of the 2009 H1N1 pandemic on selected countries in the Southern Hemisphere, data suggest that all countries experienced some time-limited and/or geographically isolated socio/economic effects and a temporary decrease in tourism most likely due to fear of 2009 H1N1 disease. It is still too early to determine whether the H1N1 pandemic has caused any long-term economic impacts.[201]
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Further information: Influenza research


Research on influenza includes studies on molecular virology[image: External link], how the virus produces disease ( pathogenesis[image: External link]), host immune responses[image: External link], viral genomics[image: External link], and how the virus spreads (epidemiology). These studies help in developing influenza countermeasures; for example, a better understanding of the body's immune system response helps vaccine[image: External link] development, and a detailed picture of how influenza invades cells aids the development of antiviral drugs. One important basic research[image: External link] program is the Influenza Genome Sequencing Project, which is creating a library of influenza sequences; this library should help clarify which factors make one strain more lethal than another, which genes most affect immunogenicity[image: External link], and how the virus evolves[image: External link] over time.[202]

Research into new vaccines is particularly important, as current vaccines are very slow and expensive to produce and must be reformulated every year. The sequencing of the influenza genome and recombinant DNA[image: External link] technology may accelerate the generation of new vaccine strains by allowing scientists to substitute new antigens into a previously developed vaccine strain.[203] New technologies are also being developed to grow viruses in cell culture[image: External link], which promises higher yields, less cost, better quality and surge capacity.[204] Research on a universal influenza A vaccine, targeted against the external domain of the transmembrane viral M2 protein[image: External link] (M2e), is being done at the University of Ghent[image: External link] by Walter Fiers[image: External link], Xavier Saelens[image: External link] and their team[205][206][207] and has now successfully concluded Phase I clinical trials. There has been some research success towards a "universal flu vaccine" that produces antibodies against proteins on the viral coat which mutate less rapidly, and thus a single shot could potentially provide longer-lasting protection.[208][209][210]

A number of biologics[image: External link], therapeutic vaccines and immunobiologics are also being investigated for treatment of infection caused by viruses. Therapeutic biologics are designed to activate the immune response to virus or antigens. Typically, biologics do not target metabolic pathways[image: External link] like anti-viral drugs, but stimulate immune cells such as lymphocytes[image: External link], macrophages[image: External link], and/or antigen presenting cells[image: External link], in an effort to drive an immune response towards a cytotoxic[image: External link] effect against the virus. Influenza models, such as murine influenza, are convenient models to test the effects of prophylactic and therapeutic biologics. For example, Lymphocyte T-Cell Immune Modulator[image: External link] inhibits viral growth in the murine model of influenza.[211]
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Further information: Influenzavirus A[image: External link], H5N1[image: External link], and Transmission and infection of H5N1


Influenza infects many animal species, and transfer of viral strains between species can occur. Birds[image: External link] are thought to be the main animal reservoirs[image: External link] of influenza viruses.[212] Sixteen forms of hemagglutinin[image: External link] and nine forms of neuraminidase[image: External link] have been identified. All known subtypes (HxNy) are found in birds, but many subtypes are endemic in humans, dogs[image: External link], horses[image: External link], and pigs[image: External link]; populations of camels[image: External link], ferrets[image: External link], cats[image: External link], seals[image: External link], mink[image: External link], and whales[image: External link] also show evidence of prior infection or exposure to influenza.[47] Variants of flu virus are sometimes named according to the species the strain is endemic in or adapted to. The main variants named using this convention are: bird flu, human flu[image: External link], swine flu[image: External link], horse flu[image: External link] and dog flu[image: External link]. (Cat flu generally refers to feline viral rhinotracheitis[image: External link] or feline calicivirus[image: External link] and not infection from an influenza virus.) In pigs, horses and dogs, influenza symptoms are similar to humans, with cough, fever and loss of appetite[image: External link].[47] The frequency of animal diseases are not as well-studied as human infection, but an outbreak of influenza in harbor seals caused approximately 500 seal deaths off the New England[image: External link] coast in 1979–1980.[213] However, outbreaks in pigs are common and do not cause severe mortality.[47] Vaccines have also been developed to protect poultry[image: External link] from avian influenza. These vaccines can be effective against multiple strains and are used either as part of a preventative strategy, or combined with culling[image: External link] in attempts to eradicate outbreaks.[214]
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Flu symptoms in birds are variable and can be unspecific.[215] The symptoms following infection with low-pathogenicity avian influenza may be as mild as ruffled feathers, a small reduction in egg production, or weight loss[image: External link] combined with minor respiratory disease[image: External link].[216] Since these mild symptoms can make diagnosis in the field difficult, tracking the spread of avian influenza[image: External link] requires laboratory testing of samples from infected birds. Some strains such as Asian H9N2[image: External link] are highly virulent to poultry and may cause more extreme symptoms and significant mortality.[217] In its most highly pathogenic form, influenza in chickens[image: External link] and turkeys[image: External link] produces a sudden appearance of severe symptoms and almost 100% mortality within two days.[218] As the virus spreads rapidly in the crowded conditions seen in the intensive farming[image: External link] of chickens and turkeys, these outbreaks can cause large economic losses to poultry farmers.

An avian-adapted, highly pathogenic strain of H5N1 (called HPAI A(H5N1), for "highly pathogenic avian influenza virus of type A of subtype H5N1") causes H5N1 flu, commonly known as "avian influenza" or simply "bird flu", and is endemic[image: External link] in many bird populations, especially in Southeast Asia[image: External link]. This Asian lineage strain of HPAI A(H5N1) is spreading globally[image: External link]. It is epizootic[image: External link] (an epidemic in non-humans) and panzootic (a disease affecting animals of many species, especially over a wide area), killing tens of millions of birds and spurring the culling[image: External link] of hundreds of millions of other birds in an attempt to control its spread. Most references in the media to "bird flu" and most references to H5N1 are about this specific strain.[219][220]

At present, HPAI A(H5N1) is an avian disease, and there is no evidence suggesting efficient human-to-human transmission of HPAI A(H5N1). In almost all cases, those infected have had extensive physical contact with infected birds.[221] In the future, H5N1 may mutate or reassort into a strain capable of efficient human-to-human transmission. The exact changes that are required for this to happen are not well understood.[222] However, due to the high lethality and virulence[image: External link] of H5N1, its endemic[image: External link] presence, and its large and increasing biological host reservoir, the H5N1 virus was the world's pandemic threat in the 2006–07 flu season, and billions of dollars are being raised and spent researching H5N1 and preparing for a potential influenza pandemic.[198]

In March 2013, the Chinese government reported three cases of H7N9 influenza infections in humans. Two of whom had died and the third was critically ill. Although the strain of the virus is not thought to spread efficiently between humans,[223][224] by mid-April, at least 82 persons had become ill from H7N9, of which 17 had died. These cases include three small family clusters in Shanghai and one cluster between a neighboring girl and boy in Beijing, raising at least the possibility of human-to-human transmission. WHO points out that one cluster did not have two of the cases lab confirmed and further points out, as a matter of baseline information, that some viruses are able to cause limited human-to-human transmission under conditions of close contact but are not transmissible enough to cause large community outbreaks.[225][226]
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In pigs swine influenza produces fever, lethargy, sneezing, coughing, difficulty breathing and decreased appetite.[227] In some cases the infection can cause abortion. Although mortality is usually low, the virus can produce weight loss and poor growth, causing economic loss to farmers.[227] Infected pigs can lose up to 12 pounds of body weight over a 3- to 4-week period.[227] Direct transmission of an influenza virus from pigs to humans is occasionally possible (this is called zoonotic[image: External link] swine flu). In all, 50 human cases are known to have occurred since the virus was identified in the mid-20th century, which have resulted in six deaths.[228]

In 2009, a swine-origin H1N1 virus strain commonly referred to as "swine flu" caused the 2009 flu pandemic, but there is no evidence that it is endemic to pigs (i.e. actually a swine flu) or of transmission from pigs to people, instead the virus is spreading from person to person.[229][230] This strain is a reassortment of several strains of H1N1 that are usually found separately, in humans[image: External link], birds, and pigs.[231]
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Avian Influenza






For the H5N1 subtype of Avian influenza, see Influenza A virus subtype H5N1[image: External link].

Avian influenza — known informally as avian flu or bird flu — refers to "influenza caused by viruses[image: External link] adapted to birds[image: External link]."[1][2][3][4][5][6][7] The type with the greatest risk is highly pathogenic avian influenza (HPAI).

"Bird flu" is a phrase similar to "swine flu[image: External link]," "dog flu[image: External link]," "horse flu[image: External link]," or "human flu[image: External link]" in that it refers to an illness caused by any of many different strains of influenza viruses that have adapted to a specific host. Out of the three types of influenza viruses (A, B, and C), influenza A virus is a zoonotic[image: External link] infection with a natural reservoir almost entirely in birds.[8] Avian influenza, for most purposes, refers to the influenza A virus.

Though influenza A is adapted to birds, it can also stably adapt and sustain person-to person transmission.[8] Recent influenza research into the genes of the Spanish flu[image: External link] virus shows it to have genes adapted from both human and avian strains. Pigs can also be infected with human, avian, and swine influenza viruses, allow for mixtures of genes (reassortment) to create a new virus, which can cause an antigenic shift[image: External link] to a new influenza A virus subtype which most people have little to no immune protection.[8]

Avian influenza strains are divided into two types based on their pathogenicity[image: External link]: high pathogenicity (HP) or low pathogenicity (LP).[9] The most well-known HPAI strain, H5N1[image: External link], appeared in China in 1996, and also has low pathogenic strains found in North America.[9][10] Companion birds in captivity are unlikely to contract the virus and there has been no report of a companion bird with avian influenza since 2003. Pigeons do not contract or spread the virus.[11][12][13]

In the approximate four years from early 2013 to early 2017, 916 lab-confirmed human cases of H7N9 were reported to the World Health Organization (WHO).[14]

On 9 January 2017, the National Health and Family Planning Commission of China reported to WHO 106 cases of H7N9 which occurred from late November through late December, including 35 deaths, 2 potential cases of human-to-human transmission, and 80 of these 106 persons stating that they have visited live poultry markets. The cases are reported from Jiangsu (52), Zhejiang (21), Anhui (14), Guangdong (14), Shanghai (2), Fujian (2) and Hunan (1). Similar sudden increases in the number of human cases of H7N9 have occurred in previous years during December and January.[14]
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 History




The most widely quoted date for the beginning of recorded history of avian influenza (initially known as fowl plague) was in 1878 when it was differentiated from other diseases that caused high mortality rates in birds.[15] Fowl plague, however, also included Newcastle disease[image: External link] until as recently as the 1950s. Between 1959 and 1995, there were 15 recorded occasions of the emergence of HPAI viruses in poultry, but losses were minimal. Between 1996 and 2008 however, HPAI outbreaks in poultry have occurred at least 11 times and 4 of these outbreaks have involved millions of birds.[15]

In the 1990s, the world’s poultry population grew 76% in developing countries and 23% in developed countries, contributing to the increased prevalence of avian influenza.[16] Before the 1990s, HPAI caused high mortality in poultry, but infections were sporadic and contained. Outbreaks have become more common due to the high density and frequent movement of flocks from intensive[image: External link] poultry production.

Influenza A/ H5N1[image: External link] was first isolated from a goose in China in 1996. Human infections were first reported in 1997 in Hong Kong.[10] Since 2003, more than 700 human cases of Asian HPAI H5N1 have been reported to the WHO[image: External link], primarily from 15 countries in Asia, Africa, the Pacific, Europe, and the Middle East, though over 60 countries have been affected.[10][15]
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 Genetics




Genetic factors in distinguishing between "human flu[image: External link] viruses" and "avian flu viruses" include:


	
PB2: (RNA polymerase[image: External link]): Amino acid[image: External link] (or residue[image: External link]) position 627 in the PB2 protein encoded by the PB2 RNA gene. Until H5N1[image: External link], all known avian influenza viruses had a Glu[image: External link] at position 627, while all human influenza viruses had a Lys[image: External link].[citation needed[image: External link]]





	
HA: ( hemagglutinin[image: External link]): Avian influenza HA viruses bind alpha 2-3 sialic acid[image: External link] receptors, while human influenza HA viruses bind alpha 2-6 sialic acid receptors. Swine influenza viruses have the ability to bind both types of sialic acid receptors. Hemagglutinin is the major antigen of the virus against which neutralizing antibodies are produced, and influenza virus epidemics are associated with changes in its antigenic structure. This was originally derived from pigs, and should technically be referred to as "pig flu".[17]
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 Subtypes




There are many subtypes of avian influenza viruses, but only some strains of five subtypes have been known to infect humans: H5N1, H7N3, H7N7, H7N9, and H9N2.[18] At least one person, an elderly woman in Jiangxi Province[image: External link], China[image: External link], died of pneumonia in December 2013 from the H10N8 strain, the first human fatality confirmed to be caused by that strain.[19]

Most human cases of the avian flu are a result of either handling dead infected birds or from contact with infected fluids. It can also be spread through contaminated surfaces and droppings. While most wild birds mainly have only a mild form of the H5N1 strain, once domesticated birds such as chickens or turkeys are infected, it can become much more deadly because the birds are often in close contact. There is currently a large threat of this in Asia with infected poultry due to low hygiene conditions and close quarters. Although it is easy for humans to contract the infection from birds, human-to-human transmission is more difficult without prolonged contact. However, public health officials are concerned that strains of avian flu may mutate to become easily transmissible between humans.[20]

Spreading of H5N1 from Asia to Europe is much more likely caused by both legal and illegal poultry trades than dispersing through wild bird migrations, being that in recent studies, there were no secondary rises in infection in Asia when wild birds migrate south again from their breeding grounds. Instead, the infection patterns followed transportation such as railroads, roads, and country borders, suggesting poultry trade as being much more likely. While there have been strains of avian flu to exist in the United States, such as Texas in 2004, they have been extinguished and have not been known to infect humans.

Examples of avian influenza A virus strains:[21]



	HA subtype

designation
	NA subtype

designation
	Avian influenza A viruses



	H1
	N1
	A/duck/Alberta/35/76(H1N1)



	H1
	N8
	A/duck/Alberta/97/77(H1N8)



	H2
	N9
	A/duck/Germany/1/72(H2N9)



	H3
	N8
	A/duck/Ukraine/63( H3N8[image: External link])



	H3
	N8
	A/duck/England/62( H3N8[image: External link])



	H3
	N2
	A/turkey/England/69(H3N2)



	H4
	N6
	A/duck/Czechoslovakia/56(H4N6)



	H4
	N3
	A/duck/Alberta/300/77(H4N3)



	H5
	N3
	A/tern/South Africa/300/77(H4N3)



	H5
	N4
	A/Ethiopia/300/77(H6N6)



	H5
	N8
	H5N8[image: External link]



	H5
	N9
	A/turkey/Ontario/7732/66( H5N9[image: External link])



	H5
	N1
	A/chick/Scotland/59( H5N1[image: External link])



	H6
	N2
	A/turkey/Massachusetts/3740/65( H6N2[image: External link])



	H6
	N8
	A/turkey/Canada/63(H6N8)



	H6
	N5
	A/shearwater/Australia/72(H6N5)



	H6
	N6
	A/jyotichinara/Ehiopia/73(H6N6)



	H6
	N1
	A/duck/Germany/1868/68( H6N1[image: External link])



	H7
	N7
	A/fowl plague virus/Dutch/27( H7N7[image: External link])



	H7
	N1
	A/chick/Brescia/1902( H7N1[image: External link])



	H7
	N9
	A/chick/China/2013( H7N9[image: External link])



	H7
	N3
	A/turkey/England/639 H7N3[image: External link])



	H7
	N1
	A/fowl plague virus/Rostock/34( H7N1[image: External link])



	H8
	N4
	A/turkey/Ontario/6118/68(H8N4)



	H9
	N2
	A/turkey/Wisconsin/1/66( H9N2[image: External link])



	H9
	N6
	A/duck/Hong Kong/147/77(H9N6)



	H9
	N6
	A/duck/Hong Kong/147/77(H9N6)



	H9
	N8
	A/manishsurpur/Malawi/149/77(H9N8)



	H9
	N7
	A/turkey/Scotland/70(H9N7)



	H10
	N8
	A/quail/Italy/1117/65(H10N8)



	H11
	N6
	A/duck/England/56(H11N6)



	H11
	N9
	A/duck/Memphis/546/74(H11N9)



	H12
	N5
	A/duck/Alberta/60/76/(H12N5)



	H13
	N6
	A/gull/Maryland/704/77( H13N6[image: External link])



	H14
	N4
	A/duck/Gurjev/263/83(H14N4)



	H15
	N9
	A/shearwater/Australia/2576/83(H15N9)
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 Spread




Avian influenza is most often spread by contact between infected and healthy birds, though can also be spread indirectly through contaminated equipment.[22] The virus is found in secretions from the nostrils, mouth, and eyes of infected birds as well as their droppings. HPAI infection is spread to people often through direct contact with infected poultry, such as during slaughter or plucking.[22] Though the virus can spread through airborne secretions, the disease itself is not an airborne disease. Highly pathogenic strains spread quickly among flocks and can destroy a flock within 28 hours; the less pathogenic strains may affect egg production but are much less deadly.[citation needed[image: External link]]

Although it is possible for humans to contract the avian influenza virus from birds, human-to-human contact is much more difficult without prolonged contact. However, public health officials are concerned that strains of avian flu may mutate to become easily transmissible between humans.[20] Some strains of avian influenza are present in the intestinal tract of large numbers of shore birds and water birds, but these strains rarely cause human infection.[23]

Five manmade ecosystems have contributed to modern avian influenza virus ecology: integrated indoor commercial poultry, range-raised commercial poultry, live poultry markets, backyard and hobby flocks, and bird collection and trading systems including cockfighting[image: External link]. Indoor commercial poultry has had the largest impact on the spread of HPAI, with the increase in HPAI outbreaks largely the result of increased commercial production since the 1990s.[16]
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 Village poultry




In the early days of the HPAI H5N1 pandemic, village poultry and their owners were frequently implicated in disease transmission.[16] Village poultry, also known as backyard and hobby flocks, are small flocks raised under extensive[image: External link] conditions and often allowed free range between multiple households. However, research has shown that these flocks pose less of a threat than intensively[image: External link] raised commercial poultry with homogenous genetic stock and poor biosecurity[image: External link].[16] Backyard and village poultry also do not travel great distances compared to transport of intensively raised poultry and contribute less to the spread of HPAI.[24] This initial implication of Asian poultry farmers as one broad category presented challenges to prevention recommendations as commercial strategies did not necessarily apply to backyard poultry flocks.
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 H5N1




Further information: Influenza A virus subtype H5N1[image: External link] and Transmission and infection of H5N1


The highly pathogenic influenza A virus subtype H5N1[image: External link] is an emerging avian influenza virus that is causing global concern as a potential pandemic threat. It is often referred to simply as "bird flu" or "avian influenza", even though it is only one of many subtypes.

H5N1 has killed millions of poultry in a growing number of countries throughout Asia, Europe, and Africa. Health experts are concerned that the coexistence of human flu viruses and avian flu viruses (especially H5N1) will provide an opportunity for genetic material to be exchanged between species-specific viruses, possibly creating a new virulent influenza strain that is easily transmissible and lethal to humans. The mortality rate for humans with H5N1 is 60%.

Since first human H5N1 outbreak occurred in 1997, there has been an increasing number of HPAI H5N1 bird-to-human transmissions, leading to clinically severe and fatal human infections. Because a significant species barrier exists between birds and humans, the virus does not easily spread to humans, however some cases of infection are being researched to discern whether human-to-human transmission is occurring.[25] More research is necessary to understand the pathogenesis and epidemiology of the H5N1 virus in humans. Exposure routes and other disease transmission characteristics, such as genetic and immunological factors that may increase the likelihood of infection, are not clearly understood.[26]

The first known transmission of H5N1 to a human occurred in Hong Kong[image: External link] in 1997, when there was an outbreak of 18 human cases; 6 deaths were confirmed. None of the infected people worked with poultry. After culling all of the poultry in the area, no more cases were diagnosed.[23] In 2006, the first human-to-human transmission likely occurred when 7 members of a family in Sumatra became infected after contact with a family member who had worked with infected poultry.[27]

Although millions of birds have become infected with the virus since its discovery, 359 people have died from the H5N1 in twelve countries according to World Health Organization[image: External link] reports as of August 10, 2012.[28]

As an example, the H5N1 outbreak in Thailand[image: External link] caused massive economic losses, especially among poultry workers. Infected birds were culled and slaughtered. The public lost confidence with the poultry products, thus decreasing the consumption of chicken products. This also elicited a ban from importing countries. There were, however, factors which aggravated the spread of the virus, including bird migration, cool temperature (increases virus survival) and several festivals at that time.[29]

A mutation in the virus was discovered in two Guangdong patients in February 2017 which rendered it more deadly to chickens, inasmuch as it could infect every organ; the risk to humans was not increased, however.[30]
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 Controversial Research




A study published in 2012 in Science Magazine reported on research findings that allowed for the airborne transmission of H5N1 in laboratory ferrets. The study identified the 5 mutations necessary for the virus to become airborne and immediately spiked controversy over the ethical implications of making such potentially dangerous information available to the general public. The study was allowed to remain available in its entirety, though it remains a controversial topic within the scientific community.

The study in question, however, created airborne H5N1 via amino acid substitutions that largely mitigated the devastating effects of the disease. This fact was underscored by the 0% fatality rate among the ferrets infected via airborne transmission, as well as the fundamental biology underlying the substitutions. Flu viruses attach to host cells via the hemagluttinin proteins on their envelope. These hemagluttinin proteins bind to sialic acid receptors on host cells, which can fall into two categories. The sialic acid receptors can be either 2,3 or 2,6-linked, with the species of origin largely deciding receptor preference. In influenzas of avian origin 2,3-linkage is preferred, vs. influenzas of human origin in which 2,6-linkage is preferable. 2,3-linked SA receptors in humans are found predominantly in the lower respiratory tract, a fact that is the primary foundation for the deadliness of avian influenzas in humans, and also the key to their lack of airborne transmission. In the study that created an airborne avian influenza among ferrets it was necessary to switch the receptor preference of the host cells to those of 2,6-linkage, found predominantly in humans' upper respiratory tract, in order to create an infection that could shed aerosolized virus particles. Such an infection, however, must occur in the upper respiratory tract of humans, thus fundamentally undercutting the fatal trajectory of the disease.[31]
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 H7N9




Further information: Influenza A virus subtype H7N9


Influenza A virus subtype H7N9 is a novel avian influenza virus first reported to have infected humans in 2013 in China.[32] Most of the reported cases of human infection have resulted in severe respiratory illness.[33] In the month following the report of the first case, more than 100 people had been infected, an unusually high rate for a new infection; a fifth of those patients had died, a fifth had recovered, and the rest remained critically ill.[34] The World Health Organization[image: External link] (WHO) has identified H7N9 as "...an unusually dangerous virus for humans."[35] As of June 30, 133 cases have been reported, resulting in the deaths of 43.

Research regarding background and transmission is ongoing.[36] It has been established that many of the human cases of H7N9 appear to have a link to live bird markets.[37] As of July 2013, there had been no evidence of sustained human-to-human transmission, however a study group headed by one of the world’s leading experts on avian flu reported that several instances of human-to-human infection were suspected.[38] It has been reported that H7N9 virus does not kill poultry, which will make surveillance much more difficult. Researchers have commented on the unusual prevalence of older males among H7N9-infected patients.[39] While several environmental, behavioral, and biological explanations for this pattern have been proposed,[40] as yet, the reason is unknown.[41] Currently no vaccine[image: External link] exists, but the use of influenza antiviral drugs known as neuraminidase inhibitors[image: External link] in cases of early infection may be effective.[42]

The number of cases detected after April fell abruptly. The decrease in the number of new human H7N9 cases may have resulted from containment measures taken by Chinese authorities, including closing live bird markets, or from a change in seasons, or possibly a combination of both factors. Studies indicate that avian influenza viruses have a seasonal pattern, thus it is thought that infections may pick up again when the weather turns cooler in China.[43]

In the four years from early 2013 to early 2017, 916 lab-confirmed human cases of H7N9 were reported to WHO.[14]

On 9 January 2017, the National Health and Family Planning Commission of China reported to WHO 106 cases which occurred from late November through December. 29, 2016. The cases are reported from Jiangsu (52), Zhejiang (21), Anhui (14), Guangdong (14), Shanghai (2), Fujian (2) and Hunan (1). 80 of these 106 persons have visited live poultry markets. Of these cases, there have been 35 deaths. In two of the 106 cases, human-to-human transmission could not be ruled out.[14]

Affected prefectures in Jiangsu province closed live poultry markets in late December 2016, whereas Zhejiang, Guangdong and Anhui provinces went the route of strengthening live poultry market regulations. Travellers to affected regions are recommended to avoid poultry farms, live bird markets, and surfaces which appear to be contaminated with poultry feces. Similar sudden increases in the number of human cases of H7H9 have occurred in previous years during December and January.[14]
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 In domestic animals




Several domestic species have been infected with and shown symptoms of H5N1 viral infection, including cats, dogs, ferrets, pigs, and birds.[44]
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 Birds




Attempts are made in the United States to minimize the presence of HPAI in poultry through routine surveillance of poultry flocks in commercial poultry operations. Detection of a HPAI virus may result in immediate culling of the flock. Less pathogenic viruses are controlled by vaccination, which is done primarily in turkey flocks ( ATCvet[image: External link] codes: QI01AA23[image: External link] ( WHO[image: External link]) for the inactivated fowl vaccine, QI01CL01[image: External link] ( WHO[image: External link]) for the inactivated turkey combination vaccine).[45]
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 Seals




A recent strain of the virus is able to infect the lungs of seals[image: External link].[46]
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 Cats




Avian influenza in cats[image: External link] can show a variety of symptoms and usually lead to death. Cats are able to get infected by either consuming an infected bird or by contracting the virus from another infected cat.
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 Global impact




In 2005, the formation of the International Partnership on Avian and Pandemic Influenza[image: External link] was announced in order to elevate the importance of avian flu, coordinate efforts, and improve disease reporting and surveillance in order to better respond to future pandemics. New networks of laboratories have emerged to detect and respond to avian flu, such as the Crisis Management Center for Animal Health, the Global Avian Influenza Network for Surveillance, OFFLU[image: External link], and the Global Early Warning System for major animal diseases. After the 2003 outbreak, WHO member states have also recognized the need for more transparent and equitable sharing of vaccines and other benefits from these networks.[47] Cooperative measures created in response to HPAI have served as a basis for programs related to other emerging and re-emerging infectious diseases.

HPAI control has also been used for political ends. In Indonesia, negotiations with global response networks were used to recentralize power and funding to the Ministry of Health.[48] In Vietnam policymakers, with the support of the Food and Agriculture Organization of the United Nations (FAO)[image: External link], used HPAI control to accelerate the industrialization of livestock production for export by proposing to increase the portion of large-scale commercial farms and reducing the number of poultry keepers from 8 to 2 million by 2010.[49]
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 Stigma




Backyard poultry production was viewed as “traditional Asian” agricultural practices that contrasted with modern commercial poultry production and seen as a threat to biosecurity. Backyard production appeared to hold greater risk than commercial production due to lack of biosecurity and close contact with humans, though HPAI spread in intensively raised flocks was greater due to high density rearing and genetic homogeneity.[16][50] Asian culture itself was blamed as the reason why certain interventions, such as those that only looked at placed-based interventions, would fail without looking for a multifaceted solutions.[49]
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 Indonesia




Press accounts of avian flu in Indonesia were seen by poultry farmers as conflating suspected cases while the public did see the accounts as informative, though many became de-sensitized to the idea of impending danger or only temporarily changed their poultry-related behavior.[51] Rumors also circulated in Java[image: External link] in 2006. These tended to focus on bird flu being linked to big businesses in order to drive small farmers out of the market by exaggerating the danger of avian influenza, avian flu being introduced by foreigners to force Indonesians to purchase imported chicken and keep Indonesian chicken off the world market, and the government using avian flu as a ploy to attract funds from wealthy countries. Such rumors reflected concerns about big businesses, globalization, and a distrust of the national government in a country where “the amount of decentralization here is breathtaking” according to Steven Bjorge, a WHO epidemiologist in Jakarta[image: External link] in 2006.[51]

In the context a decentralized national government that the public did not completely trust, Indonesian Health Minister Siti Fadilah Supari announced in December 2006 that her government would no longer be sharing samples of H5N1 collected from Indonesian patients. This decision came as a shock to the international community as it disrupted the Global Influenza Surveillance Network (GISN) coordinated by the WHO for managing seasonal and pandemic influenza. GISN is based on countries sharing virus specimens freely with the WHO which assesses and eventually sends these samples to pharmaceutical companies in order to produce vaccines that are sold back to these countries.[48] Though this was initially seen as an attempt to protect national sovereignty at all costs, it was instead used for a domestic political struggle. Prior to Indonesia’s dispute with the GISN, the Ministry of Health, already weak due to the decentralized nature the government, was experiencing further leakage of funding to state and non-state agencies due to global health interventions. By reasserting control over public health issues and funding by setting itself up as the sole Indonesian representative to the WHO, the Ministry of Health made itself a key player in the management of future international funds relating vaccine production and renegotiated benefits from global surveillance networks.
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 Economic




Approximately 20% of the protein consumed in developing countries come from poultry.[16] In the wake of the H5N1 pandemic, millions of poultry were killed. In Vietnam alone, over 50 million domestic birds were killed due to HPAI infection and control attempts.[52] A 2005 report by the FAO totaled economic losses in South East Asia around US$10 billion.[52] This had the greatest impact on small scale commercial and backyard producers relative to total assets compared to industrial chains which primarily experience temporary decreases in exports and loss of consumer confidence. Some governments did provide compensation for culled poultry, it was often far below market value (close to 30% of market value in Vietnam), while others such as Cambodia provide no compensation to farmers at all.

As poultry serves as a source of food security and liquid assets, the most vulnerable populations were poor small scale farmers.[49] The loss of birds due to HPAI and culling in Vietnam led to an average loss of 2.3 months of production and US$69–108 for households where many have an income of $2 a day or less.[52] The loss of food security for vulnerable households can be seen in the stunting of children under 5 in Egypt.[16] Women are another population at risk as in most regions of the world, small flocks are tended to by women.[53] Widespread culling also resulted in the decreased enrollment of girls in school in Turkey.[16]
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 Prevention




People who do not regularly come into contact with birds are not at high risk for contracting avian influenza. Those at high risk include poultry farm workers, animal control workers, wildlife biologists, and ornithologists who handle live birds.[20] Organizations with high-risk workers should have an avian influenza response plan in place before any cases have been discovered. Biosecurity of poultry flocks is also important for prevention. Flocks should be isolated from outside birds, especially wild birds, and their waste; vehicles used around the flock should be regularly disinfected and not shared between farms; and birds from slaughter channels should not be returned to the farm.[54]

With proper infection control and use of personal protective equipment[image: External link] (PPE), the chance for infection is low. Protecting the eyes, nose, mouth, and hands is important for prevention because these are the most common ways for the virus to enter the body. Appropriate personal protective equipment includes aprons or coveralls, gloves, boots or boot covers, and a head cover or hair cover. Disposable PPE is recommended. An N-95[image: External link] respirator and unvented/indirectly vented safety goggles are also part of appropriate PPE. A powered air purifying respirator[image: External link] (PAPR) with hood or helmet and face shield is also an option.[23]

Proper reporting of an isolated case can help to prevent spread. The Centers for Disease Control and Prevention (US) recommendation is that if a worker develops symptoms within 10 days of working with infected poultry or potentially contaminated materials, they should seek care and notify their employer, who should notify public health officials.[23]

For future avian influenza threats, the WHO suggests a 3 phase, 5 part plan.[55]


	Phase: Pre-pandemic

	Reduce opportunities for human infection

	Strengthen the early warning system





	Phase: Emergence of a pandemic virus

	Contain or delay spread at the source





	Phase: Pandemic declared and spreading internationally

	Reduce morbidity, mortality, and social disruption

	Conduct research to guide response measures







Vaccines for poultry have been formulated against several of the avian H5N1 influenza varieties. Control measures for HPAI encourage mass vaccinations of poultry though The World Health Organization has compiled a list of known clinical trials of pandemic influenza prototype vaccines, including those against H5N1.[56] In some countries still at high risk for HPAI spread, there is compulsory strategic vaccination though vaccine supply shortages remain a problem.[16]
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 For village poultry farmers




Initial response to H5N1, a one size fits all recommendation was used for all poultry production systems, though measures for intensively[image: External link] raised birds were not necessarily appropriate for extensively[image: External link] raised birds. When looking at village poultry, it was first assumed that the household was the unit and that flocks did not make contact with other flocks, though more effective measures came into use when the epidemiological unit was the village.[16]

Recommendations also involve restructuring commercial markets to improve biosecurity against avian influenza. Poultry production zoning is used to limit poultry farming to specific areas outside of urban environments while live poultry markets improve biosecurity by limiting the number of traders holding licenses and subjecting producers and traders to more stringent inspections. These recommendations in combination with requirements to fence and house all poultry, and limit free ranging flocks will eventually lead to fewer small commercial producers and backyard producers, costing livelihoods as they are unable to meet the conditions needed to participate.[49]

A summary of reports to the World Organisation for Animal Health[image: External link] in 2005 and 2010 suggest that surveillance and under-reporting in developed and developing countries is still a challenge.[16] Often, donor support can focus on HPAI control alone, while similar diseases such as Newcastle disease[image: External link], acute fowl cholera[image: External link], infectious laryngotracheitis, and infectious bursal disease[image: External link] still affect poultry populations. When HPAI tests come back negative, a lack of funded testing for differential diagnoses[image: External link] can leave farmers wondering what killed their birds.

Since traditional production systems require little investment and serve as a safety net for lower income households, prevention and treatment can been seen as less cost effective than letting a few birds die.[49][52] Effective control not only requires prior agreements to be made with relevant government agencies, such as seen with Indonesia, they must also not unduly threaten food security.[48]
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 Culling




Culling[image: External link] is used in order to decrease the threat of avian influenza transmission by killing potentially infected birds. The FAO[image: External link] manual on HPAI control recommends a zoning strategy which begins with the identification of an infected area (IA) where sick or dead birds have tested positive. All poultry in this zone are culled while the area 1 to 5 km from the outer boundary of the IA is considered the restricted area (RA) placed under strict surveillance. 2 to 10 km from the RA is the control area (CA) that serves as a buffer zone in case of spread. Culling is not recommended beyond the IA unless there is evidence of spread.[24] The manual, however, also provides examples of how control was carried out between 2004 and 2005 to contain H5N1 where all poultry was to be stamped out in a 3 km radius beyond the infected point and beyond that a 5 km radius where all fowl was to be vaccinated. This culling method was indiscriminate as a large proportion of the poultry inside these areas were small backyard flocks which did not travel great enough distances to carry infection to adjacent villages without human effort and may have not been infected at all.[24] Between 2004 and 2005, over 100 million chickens were culled in Asia to contain H5N1.[57]

The risk of mass culling of birds and the resulting economic impact led farmers who were reluctant to report sick poultry. The culls often preempted actual lab testing for H5N1 as avian flu policy justified sacrificing poultry as a safeguard against HPAI spread.[50] In response to these policies, farmers in Vietnam between 2003 and 2004 became more and more unwilling to surrender apparently healthy birds to authorities and stole poultry destined for culls as it stripped poultry of their biosocial and economic worth. By the end of 2005, the government implemented a new policy that targeted high-risk flock in the immediate vicinity of infected farms and instituted voluntary culling with compensation in the case of a local outbreak.[50]

Not only did culling result in severe economic impacts especially for small scale farmers, culling itself may be an ineffective preventative measure. In the short-term, mass culling achieves it goals of limiting the immediate spread of HPAI, it has been found to impede the evolution of host resistance which is important for the long-term success of HPAI control. Mass culling also selects for elevated influenza virulence[image: External link] and results in the greater mortality of birds overall.[57] Effective culling strategies must be selective as well as considerate of economic impacts to optimize epidemiological control and minimize economic and agricultural destruction.
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 People-poultry relations




Prevention and control programs must take into account local understandings of people-poultry relations. In the past, programs that have focused on singular, place-based understandings of disease transmission have been ineffective. In the case of Northern Vietnam, health workers saw poultry as commodities with an environment that was under the control of people. Poultry existed in the context of farms, markets, slaughterhouses, and roads while humans were indirectly the primary transmitters of avian flu, placing the burden of disease control on people. However, farmers saw their free ranging poultry in an environment dominated by nonhuman forces that they could not exert control over. There were a host of nonhuman actors such as wild birds and weather patterns whose relationships with the poultry fostered the disease and absolved farmers of complete responsibility for disease control.[49]

Attempts at singular, place-based controls sought to teach farmers to identify areas where their behavior could change without looking at poultry behaviors. Behavior recommendations by Vietnam’s National Steering Committee for Avian Influenza Control and Prevention (NSCAI) were drawn from the FAO[image: External link] Principles of Biosecurity.[49] These included restrictions from entering areas where poultry are kept by erecting barriers to segregate poultry from non-human contact, limits on human movement of poultry and poultry-related products ideally to transporters, and recommendations for farmers to wash hands and footwear before and after contact with poultry.[49][58] Farmers, pointed to wind and environmental pollution as reasons poultry would get sick. NSCAI recommendations also would disrupt longstanding livestock production practices as gates impede sales by restricting assessment of birds by appearance and offend customers by limiting outside human contact. Instead of incorporating local knowledge into recommendations, cultural barriers were used as scapegoats for failed interventions. Prevention and control methods have been more effective when also considering the social, political, and ecological agents in play.[49]
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	Global spread of H5N1[image: External link]

	H5N1[image: External link]
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	Influenza pandemic

	Influenza Genome Sequencing Project

	Influenza research
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Canine Influenza






Canine influenza (dog flu) is influenza occurring in canine[image: External link] animals. Canine influenza is caused by varieties of influenzavirus A[image: External link], such as equine influenza virus H3N8, which in 2004 was discovered to cause disease in dogs. Because of the lack of previous exposure to this virus, dogs have no natural immunity to it. Therefore, the disease is rapidly transmitted between individual dogs. Canine influenza may be endemic[image: External link] in some regional dog populations of the United States. It is a disease with a high morbidity (incidence of symptoms) but a low incidence of death[image: External link].[1]

A newer form was identified in Asia during the 2000s and has since caused outbreaks in the US as well. It is a mutation of H3N2 that adapted from its avian influenza origins. Vaccines have been developed for both strains.



TOP



[image: TOC] TOC Next [image: Next chapter] 
 History




The highly contagious equine influenza A virus subtype H3N8 was found to have been the cause of Greyhound[image: External link] race dog[image: External link] fatalities from a respiratory illness at a Florida[image: External link] racetrack in January 2004. The exposure and transfer apparently occurred at horse-racing[image: External link] tracks, where dog racing[image: External link] had also occurred. This was the first evidence of an influenza A virus causing disease in dogs. However, serum[image: External link] collected from racing Greyhounds between 1984 and 2004 and tested for canine influenza virus (CIV) in 2007 had positive tests going as far back as 1999. CIV possibly caused some of the respiratory disease outbreaks at tracks between 1999 and 2003.[2]

H3N8 was also responsible for a major dog-flu outbreak in New York[image: External link] state in all breeds of dogs. From January to May 2005, outbreaks occurred at 20 racetracks in 10 states ( Arizona[image: External link], Arkansas[image: External link], Colorado[image: External link], Florida, Iowa[image: External link], Kansas, Massachusetts[image: External link], Rhode Island[image: External link], Texas[image: External link], and West Virginia[image: External link]).[3] As of August 2006, dog flu has been confirmed in 22 U.S. states, including pet dogs in Wyoming, California, Connecticut, Delaware, and Hawaii.[4] Three areas in the United States may now be considered endemic for CIV due to continuous waves of cases: New York, southern Florida, and northern Colorado/southern Wyoming.[5] No evidence shows the virus can be transferred to people, cats, or other species.[6]

H5N1[image: External link] (avian influenza) was also shown to cause death in one dog in Thailand[image: External link], following ingestion of an infected duck[image: External link].[7]
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 The virus




Influenza A viruses are enveloped[image: External link], negative sense[image: External link], single-stranded RNA viruses[image: External link].[8] Genome analysis has shown that H3N8 was transferred from horses to dogs and then adapted to dogs through point mutations[image: External link] in the genes[image: External link].[9] The incubation period[image: External link] is two to five days, and viral shedding[image: External link] may occur for seven to ten days following the onset of symptoms.[10] It does not induce a persistent carrier[image: External link] state.
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 Symptoms




About 80% of infected dogs with H3N8 show symptoms, usually mild (the other 20% have subclinical infections[image: External link]), and the fatality rate for Greyhounds in early outbreaks was 5 to 8%,[11] although the overall fatality rate in the general pet and shelter population is probably less than 1%.[12] Symptoms of the mild form include a cough that lasts for 10 to 30 days and possibly a greenish nasal discharge. Dogs with the more severe form may have a high fever and pneumonia.[13] Pneumonia in these dogs is not caused by the influenza virus, but by secondary bacterial[image: External link] infections. The fatality rate of dogs that develop pneumonia secondary to canine influenza can reach 50% if not given proper treatment.[14] Necropsies[image: External link] in dogs that die from the disease have revealed severe hemorrhagic[image: External link] pneumonia and evidence of vasculitis[image: External link].[15]
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 Diagnosis




The presence of an upper respiratory tract infection in a dog that has been vaccinated for the other major causes of kennel cough[image: External link] increases suspicion of infection with canine influenza, especially in areas where the disease has been documented. A serum[image: External link] sample from a dog suspected of having canine influenza can be submitted to a laboratory that performs PCR[image: External link] tests for this virus.[12]
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 Vaccine




In June 2009, the United States Department of Agriculture (USDA) Animal and Plant Health Inspection Service[image: External link] (APHIS) approved the first canine influenza vaccine.[16][17][18][19] This vaccine must be given twice initially with a two-week break, then annually thereafter.[20]
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 H3N2 version




A second form of canine influenza was first identified during 2006 in South Korea and southern China. The virus is an H3N2 variant that adapted from its avian influenza origins.[21] An outbreak in the US was first reported in the Chicago area during 2015.[22] Outbreaks were reported in several US states during the spring and summer of 2015[22] and had been reported in 25 states by late 2015.[23]

As of April 2015, the question of whether vaccination against the earlier strain offered protection had not been resolved.[24] The US Department of Agriculture[image: External link] granted conditional approval for a canine H3N2-protective vaccine in December 2015.[23][20][25][26]

In March 2016, researchers reported that this strain had infected cats and suggested that it may be transmitted between them.[27]
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Equine Influenza






Equine influenza (horse flu) is the disease caused by strains of influenza A[image: External link] that are enzootic[image: External link] in horse[image: External link] species. Equine influenza occurs globally, previously caused by two main strains of virus: equine-1 ( H7N7[image: External link]) and equine-2 ( H3N8[image: External link]).[1] The OIE now considers H7N7 strains likely to be extinct since these stains have not been isolated for over 20 years.[2] Predominant international circulating H3N8 strains are Florida sublineage of the American lineage; clade 1 predominates in the Americas and clade 2 in Europe. (Elton and Cullinane, 2013; Paillot, 2014; Slater et al., 2013).The disease has a nearly 100% infection rate in an unvaccinated horse population with no prior exposure to the virus.[3]

While equine influenza is historically not known to affect humans, impacts of past outbreaks have been devastating due to the economic reliance on horses for communication (postal service), military (cavalry), and general transportation. In modern times, though, the ramifications of equine influenza are most clear in the horse-racing[image: External link] industry.
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 Clinical Signs




Equine influenza is characterized by a very high rate of transmission among horses, and has a relatively short incubation time[image: External link] of one to three days.[4] Clinical signs of equine influenza include fever (up to 106°F [41.1°C]), nasal discharge, have a dry, hacking cough, depression, loss of appetite and weakness.[4] Secondary infections may include pneumonia.[5] Horses that are mildly affected will recover within 2-3 weeks, however, it may take up to 6 months for recovery for severely affected horses.[4] Horses that become immune may not show signs but will still shed the virus. [1]

An 1872 report on equine influenza describes the disease as:


"An epizootic specific fever of a very debilitating type, with inflammation of the respiratory mucous membrane, and less frequently of other organs, having an average duration of ten to fifteen days, and not conferring immunity from a second attack in subsequent epizootics."

— James Law, Report of the Commissioner of Agriculture for the year 1872[6]
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 Causes




Equine influenza is caused by several strains of the influenza A virus endemic to horses. Viruses that cause equine influenza were first isolated in 1956. The equine-1 virus affects heart muscle, while the equine-2 virus is much more severe and systemic.[7] The virus is spread by infected, coughing horses in addition to contaminated buckets, brushes, tack and other stable equipment. The influenza virus causing symptoms by replicating within respiratory epithelial cells, resulting in destruction of tracheal and bronchial epithelium and cilia.[4]
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 Treatment




When a horse contracts the equine influenza virus, rest and supportive care is advised so that complications do not occur. Veterinarians recommend at least one week of rest for every day that the fever persists with a minimum of three days rest. This allows the damaged mucocilliary apparatus to regenerate. Non-steroidal anti-inflammatory drugs are administered if the fever reaches greater than 104°F (40°C). If complications occur, such as the onset of pneumonia, or if the fever last more than 3-4 days, antibiotics are often administered.[4]
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 Prevention




Prevention of equine influenza outbreaks is maintained through vaccines and hygiene procedures.[4] Isolation of horses for two weeks is common practice when they are being moved to a new environment.
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 Vaccines




Vaccines[image: External link] ( ATCvet[image: External link] codes: QI05AA01[image: External link] ( WHO[image: External link]) inactivated, QI05AD02[image: External link] ( WHO[image: External link]) live, plus various combinations) are a major defense against the disease. Vaccination schedules generally require a primary course of vaccines, followed by booster shots[image: External link]. It is recommended that horses be vaccinated against equine influenza annually, and competition horses that travel frequently be given a booster every six months as they are at higher risk of contracting the virus.[1] Foals are initially vaccinated at six months of age with a booster 3-6 weeks later and again between 10-12 months.[4] Standard schedules may not maintain absolutely foolproof levels of protection, and more frequent administration is advised in high-risk situations.[8]

Equine influenza virus (EIV) undergoes continuous antigenic drift, and vaccine protection from immunogenic stimulation is maximised when vaccines strains have greater homogeneity to circulating strains. Subclinically affected vaccinated horses can shed live virus and represent a threat to unvaccinated or inappropriately vaccinated horses. Neutralising immunity leading to an absence of infection is rare. (Paillot, 2014). An OIE expert surveillance panel annually assesses circulating strains and makes relevant vaccine recommendations.

The UK requires horses participating in show events be vaccinated against equine flu, and a vaccination card must be produced; the International Federation for Equestrian Sports[image: External link] requires vaccination every six months.[9] [10]
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 History




A comprehensive report describing the disease - compiled in response to the 1872 outbreak of the disease in North America - provided a thorough examination of the history of the disease.[6]
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 Early records




The report notes putative cases dating as far back as Hippocrates[image: External link] and Livius[image: External link]. Absyrtus[image: External link], a Greek veterinarian from 330 CE[image: External link], described a disease in the horse population having the general characters of influenza, which the report mentions as the earliest clear record of equine influenza in the lower animals.

The report notes the next recorded equine influenza case in 1299, the same year that a catarrhal[image: External link] epidemic affected Europe. Spanish records noted cases in which "The horse carried his head drooping, would eat nothing, ran from the eyes, and there was hurried beating of the flanks. The malady was epidemic, and in that year one thousand horses died."

Prevalence of influenza is found in historic records in the centuries of the Middle Ages, but direct implication of horses is not always clear. Neither are recorded instances of record deaths among horses and other animals clear on the exact cause of death.[6]
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 1872 North American outbreak




An epizootic outbreak of equine influenza during 1872 in North America became known as "The Great Epizootic of 1872". The outbreak is known as the "most destructive recorded episode of equine influenza in history".[12] In 1870, three-fourths of Americans lived in rural areas (towns under 2500 population, and farms). Horse and mule power was used for moving wagons and carriages, and pulling plows and farm equipment. The census of 1870 counted 7.1 million horses and 1.1 million mules, as well as 39 million humans.[13] With most urban horses and mules incapacitated for a week or two, humans used wheelbarrows and pulled the wagons. About 1% of the animals died, and the rest fully recovered.[14]

The first cases of the disease were reported from Ontario, Canada. By October 1, 1872, the first case occurred in Toronto[image: External link]. All the street car[image: External link] horses and major livery[image: External link] stables were affected within only three days. By the middle of October, the disease had reached Montreal, Detroit, and New England. On October 25, 1872, The New York Times reported on the extent of the outbreak, claiming that nearly all public stables in the city had been affected, and that the majority of the horses owned in the private sector had essentially been rendered useless to their owners.[15] Only days later, the Times went on to report that 95% of all horses in Rochester, New York, had been affected, while the disease was also making its way quickly through the state of Maine and had already affected all fire horses in the city of Providence, Rhode Island.[16][17]

On October 30, 1872, The New York Times reported that a complete suspension of travel had been noted in the state. The same report also took note of massive freight backups being caused by the lack of transportation ability that was arising as a result of the outbreak.[18] Cities such as Buffalo and New York were left without effective ways to move merchandise through the streets, and even the Erie Canal was left with boats full of goods idling in its waters because they were pulled by horses.[19] By November, many states were reporting cases. The street railway[image: External link] industry ground to a halt in late 1872.[20]

Boston was hard hit by a major fire downtown on November 9 as firemen pulled the necessary firefighting equipment by hand. The city commission investigating the fire found that fire crews' response times were delayed by only a matter of minutes. The city then began to buy steam-powered equipment.[21]

In New York, 7,000 of the city's approximately 11,000 horses fell ill, and mortality rates ranged between 1.0% and 10%.[22] Many horses were unable to stand in their stalls. Those that could stand coughed violently and were too weak to pull any loads or support riders. The vast majority of affected horses – save for those 10% that died as a result – were back to full health by the following spring.[23]
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 2004 United States outbreak




The equine influenza virus H3N8 caused an influenza outbreak in dogs in the United States.[24]
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 2007 Australian outbreak




Main article: 2007 Australian equine influenza outbreak


Australia[image: External link] had remained free of equine influenza until an outbreak in August 2007 when 10, 651 horses were infected over a period of three months. The cost to eradicate the disease was estimated at $1 billion and eventually the virus was successfully contained and Australia has returned to its equine influenza-free status.[24] However, the outbreak had significant effects on the country's horse-racing industry.
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Swine Influenza






This article is about influenza viruses in pigs. For the 2009 outbreak, see 2009 flu pandemic. For the 2009 human virus, see Pandemic H1N1/09 virus.

Swine influenza is an infection caused by any one of several types of swine influenza viruses[image: External link]. Swine influenza virus (SIV) or swine-origin influenza virus (S-OIV) is any strain of the influenza family of viruses that is endemic[image: External link] in pigs[image: External link].[2] As of 2009, the known SIV strains include influenza C and the subtypes of influenza A[image: External link] known as H1N1, H1N2[image: External link], H2N1, H3N1[image: External link], H3N2, and H2N3[image: External link].

The Swine flu was initially seen in humans in Mexico in 2009, where the strand of the particular virus was a marriage of 3 types of strands.[3] Six of the genes are very similar to the H1N2 influenza virus that was found in pigs around 2000.[3]

Swine influenza virus is common throughout pig populations worldwide. Transmission of the virus from pigs to humans is not common and does not always lead to human flu[image: External link], often resulting only in the production of antibodies[image: External link] in the blood. If transmission does cause human flu, it is called zoonotic[image: External link] swine flu. People with regular exposure to pigs are at increased risk of swine flu infection.

Around the mid-20th century, identification of influenza subtypes became possible, allowing accurate diagnosis of transmission to humans. Since then, only 50 such transmissions have been confirmed. These strains of swine flu rarely pass from human to human. Symptoms of zoonotic swine flu in humans are similar to those of influenza and of influenza-like illness in general, namely chills[image: External link], fever[image: External link], sore throat, muscle pains[image: External link], severe headache[image: External link], coughing[image: External link], weakness[image: External link] and general discomfort[image: External link].

In August 2010, the World Health Organization[image: External link] declared the swine flu pandemic officially over.[citation needed[image: External link]]

Cases of swine flu have been reported in India, with over 31,156 positive test cases and 1,841 deaths[image: External link] up to March 2015.[4]
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In Swine, an influenza infection produces fever[image: External link], lethargy[image: External link], sneezing[image: External link], coughing[image: External link], difficulty breathing[image: External link] and decreased appetite.[5] In some cases the infection can cause abortion[image: External link]. Although mortality is usually low (around 1–4%),[2] the virus can produce weight loss[image: External link] and poor growth[image: External link], causing economic loss to farmers.[5] Infected pigs can lose up to 12 pounds of body weight over a three- to four-week period.[5] Swine have receptors to which both avian and mammalian influenza viruses are able to bind to, which leads to the virus being able to evolve and mutate into different forms.[6] Influenza A is responsible for infecting swine, and was first identified in the summer of 1918.[6] Pigs have often been seen as "mixing vessels", which help to change and evolve strains of disease that are then passed on to other mammals, such as humans.[6]
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Direct transmission of a swine flu virus from pigs to humans is occasionally possible ( zoonotic[image: External link] swine flu).[citation needed[image: External link]] In all, 50 cases are known to have occurred since the first report in medical literature in 1958, which have resulted in a total of six deaths.[8] Of these six people, one was pregnant, one had leukemia[image: External link], one had Hodgkin's lymphoma[image: External link] and two were known to be previously healthy.[8] Despite these apparently low numbers of infections, the true rate of infection may be higher, since most cases only cause a very mild disease, and will probably never be reported or diagnosed.[8]

According to the Centers for Disease Control and Prevention (CDC), in humans the symptoms of the 2009 "swine flu" H1N1 virus are similar to those of influenza and of influenza-like illness in general. Symptoms include fever[image: External link]; cough[image: External link], sore throat[image: External link], watery eyes, body aches, shortness of breath, headache[image: External link], weight loss, chills[image: External link], sneezing, runny nose, coughing, dizziness, abdominal pain, lack of appetite and fatigue[image: External link]. The 2009 outbreak has shown an increased percentage of patients reporting diarrhea[image: External link] and vomiting[image: External link] as well. The 2009 H1N1 virus is not zoonotic swine flu, as it is not transmitted from pigs to humans, but from person to person through airborne droplets.[citation needed[image: External link]]

Because these symptoms are not specific to swine flu, a differential diagnosis[image: External link] of probable swine flu requires not only symptoms, but also a high likelihood of swine flu due to the person's recent and past medical history. For example, during the 2009 swine flu outbreak in the United States[image: External link], the CDC advised physicians to "consider swine influenza infection in the differential diagnosis of patients with acute febrile respiratory illness[image: External link] who have either been in contact with persons with confirmed swine flu, or who were in one of the five U.S. states that have reported swine flu cases or in Mexico during the seven days preceding their illness onset."[10] A diagnosis of confirmed swine flu requires laboratory testing of a respiratory sample (a simple nose and throat swab).[10]

The most common cause of death is respiratory failure[image: External link]. Other causes of death are pneumonia (leading to sepsis[image: External link]),[11] high fever (leading to neurological problems), dehydration[image: External link] (from excessive vomiting and diarrhea[image: External link]), electrolyte imbalance[image: External link] and kidney failure[image: External link].[12] Fatalities are more likely in young children and the elderly.
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Influenza is quite common in pigs, with about half of breeding pigs having been exposed to the virus in the US.[13] Antibodies to the virus are also common in pigs in other countries.[13]

The main route of transmission is through direct contact between infected and uninfected animals.[5] These close contacts are particularly common during animal transport. Intensive farming[image: External link] may also increase the risk of transmission, as the pigs are raised in very close proximity to each other.[14][15] The direct transfer of the virus probably occurs either by pigs touching noses, or through dried mucus. Airborne transmission through the aerosols produced by pigs coughing or sneezing are also an important means of infection.[5] The virus usually spreads quickly through a herd, infecting all the pigs within just a few days.[2] Transmission may also occur through wild animals, such as wild boar[image: External link], which can spread the disease between farms.[16]
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People who work with poultry and swine, especially those with intense exposures, are at increased risk of zoonotic[image: External link] infection with influenza virus endemic in these animals, and constitute a population of human hosts in which zoonosis[image: External link] and reassortment can co-occur.[17] Vaccination of these workers against influenza and surveillance for new influenza strains among this population may therefore be an important public health measure.[18] Transmission of influenza from swine to humans who work with swine was documented in a small surveillance study performed in 2004 at the University of Iowa.[19] This study, among others, forms the basis of a recommendation that people whose jobs involve handling poultry and swine be the focus of increased public health surveillance.[17] Other professions at particular risk of infection are veterinarians and meat processing workers, although the risk of infection for both of these groups is lower than that of farm workers.[20]
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Pigs are unusual as they can be infected with influenza strains that usually infect three different species: pigs, birds and humans.[21] This makes pigs a host where influenza viruses might exchange genes, producing new and dangerous strains.[21] Avian influenza virus H3N2 is endemic[image: External link] in pigs[image: External link] in China, and has been detected in pigs in Vietnam, increasing fears of the emergence of new variant strains.[22] H3N2 evolved from H2N2 by antigenic shift[image: External link].[23] In August 2004, researchers in China found H5N1[image: External link] in pigs.[24]

These H5N1 infections may be quite common; in a survey of 10 apparently healthy pigs housed near poultry farms in West Java[image: External link], where avian flu had broken out, five of the pig samples contained the H5N1 virus. The Indonesian government has since found similar results in the same region. Additional tests of 150 pigs outside the area were negative.[25][26]
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The influenza virion[image: External link] is roughly spherical. It is an enveloped virus; the outer layer is a lipid membrane which is taken from the host cell in which the virus multiplies. Inserted into the lipid membrane are "spikes", which are proteins—actually glycoproteins, because they consist of protein linked to sugars—known as HA ( hemagglutinin[image: External link]) and NA ( neuraminidase[image: External link]). These are the proteins that determine the subtype of influenza virus (A/H1N1, for example). The HA and NA are important in the immune response against the virus; antibodies (proteins made to combat infection) against these spikes may protect against infection. The NA protein is the target of the antiviral drugs Relenza[image: External link] and Tamiflu[image: External link]. Also embedded in the lipid membrane is the M2 protein[image: External link], which is the target of the antiviral adamantanes amantadine and rimantadine.
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Of the three genera[image: External link] of influenza viruses that cause human flu[image: External link], two also cause influenza in pigs, with influenza A[image: External link] being common in pigs and influenza C being rare.[27] Influenza B has not been reported in pigs. Within influenza A and influenza C, the strains found in pigs and humans are largely distinct, although because of reassortment there have been transfers of genes among strains crossing swine, avian, and human species boundaries.
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Influenza viruses infect both humans and pigs, but do not infect birds.[28] Transmission between pigs and humans have occurred in the past.[29] For example, influenza C caused small outbreaks of a mild form of influenza amongst children in Japan[30] and California.[30] Because of its limited host range and the lack of genetic diversity in influenza C, this form of influenza does not cause pandemics in humans.[31]
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Swine influenza is caused by influenza A subtypes H1N1,[32] H1N2[image: External link],[32] H2N3[image: External link],[33] H3N1[image: External link],[34] and H3N2.[32] In pigs, four influenza A virus subtypes (H1N1, H1N2,H3N2 and H7N9) are the most common strains worldwide.[5] In the United States[image: External link], the H1N1 subtype was exclusively prevalent among swine populations before 1998; however, since late August 1998, H3N2 subtypes have been isolated from pigs. As of 2004, H3N2 virus isolates in US swine and turkey stocks were triple reassortants, containing genes from human[image: External link] (HA, NA, and PB1), swine (NS, NP, and M), and avian (PB2 and PA) lineages.[35] In August 2012, the Center for Disease Control and Prevention confirmed 145 human cases (113 in Indiana, 30 in Ohio, one in Hawaii and one in Illinois) of H3N2v since July 2012.[36] The death of a 61-year-old Madison County, Ohio[image: External link] woman is the first in the nation associated with a new swine flu strain. She contracted the illness after having contact with hogs at the Ross County Fair.[37]
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The CDC recommends real-time PCR[image: External link] as the method of choice for diagnosing H1N1.[38] The oral or nasal fluid collection and RNA virus preserving filter paper card is commercially available.[39] This method allows a specific diagnosis of novel influenza (H1N1) as opposed to seasonal influenza[image: External link]. Near-patient point-of-care tests[image: External link] are in development.[40]
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Prevention of swine influenza has three components: prevention in pigs, prevention of transmission to humans, and prevention of its spread among humans.
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Methods of preventing the spread of influenza among swine include facility management, herd management, and vaccination ( ATCvet[image: External link] code: QI09AA03[image: External link] ( WHO[image: External link])). Because much of the illness and death associated with swine flu involves secondary infection by other pathogens, control strategies that rely on vaccination may be insufficient.

Control of swine influenza by vaccination has become more difficult in recent decades, as the evolution[image: External link] of the virus[image: External link] has resulted in inconsistent responses to traditional vaccines. Standard commercial swine flu vaccines are effective in controlling the infection when the virus strains match enough to have significant cross-protection, and custom (autogenous) vaccines made from the specific viruses isolated are created and used in the more difficult cases.[41][42] Present vaccination strategies for SIV control and prevention in swine farms typically include the use of one of several bivalent SIV vaccines commercially available in the United States. Of the 97 recent H3N2 isolates examined, only 41 isolates had strong serologic cross-reactions with antiserum to three commercial SIV vaccines. Since the protective ability of influenza vaccines depends primarily on the closeness of the match between the vaccine virus and the epidemic virus, the presence of nonreactive H3N2 SIV variants suggests current commercial vaccines might not effectively protect pigs from infection with a majority of H3N2 viruses.[8][43] The United States Department of Agriculture researchers say while pig vaccination keeps pigs from getting sick, it does not block infection or shedding of the virus.[44]

Facility management includes using disinfectants and ambient temperature to control viruses in the environment. They are unlikely to survive outside living cells for more than two weeks, except in cold (but above freezing) conditions, and are readily inactivated by disinfectants.[2] Herd management includes not adding pigs carrying influenza to herds that have not been exposed to the virus. The virus survives in healthy carrier pigs for up to three months, and can be recovered from them between outbreaks. Carrier pigs are usually responsible for the introduction of SIV into previously uninfected herds and countries, so new animals should be quarantined.[13] After an outbreak, as immunity in exposed pigs wanes, new outbreaks of the same strain can occur.[2]


[image: TOC] TOC [image: Previous chapter] Previous Next [image: Next chapter] 
 Humans





	Prevention of pig-to-human transmission



Swine can be infected by both avian and human flu strains of influenza, and therefore are hosts where the antigenic shifts[image: External link] can occur that create new influenza strains.

The transmission from swine to humans is believed to occur mainly in swine farms, where farmers are in close contact with live pigs. Although strains of swine influenza are usually not able to infect humans, this may occasionally happen, so farmers and veterinarians are encouraged to use face masks[image: External link] when dealing with infected animals. The use of vaccines on swine to prevent their infection is a major method of limiting swine-to-human transmission. Risk factors that may contribute to swine-to-human transmission include smoking and, especially, not wearing gloves when working with sick animals, thereby increasing the likelihood of subsequent hand-to-eye, hand-to-nose or hand-to-mouth transmission.[45]


	Prevention of human-to-human transmission



Influenza spreads between humans when infected people cough or sneeze, then other people breathe in the virus or touch something with the virus on it and then touch their own face.[46] "Avoid touching your eyes, nose or mouth. Germs spread this way."[47] Swine flu cannot be spread by pork products, since the virus is not transmitted through food.[46] The swine flu in humans is most contagious during the first five days of the illness, although some people, most commonly children, can remain contagious for up to ten days. Diagnosis can be made by sending a specimen, collected during the first five days, for analysis.[48]

Recommendations to prevent spread of the virus among humans include using standard infection control[image: External link], which includes frequent washing of hands with soap and water or with alcohol-based hand sanitizers[image: External link], especially after being out in public.[49] Chance of transmission is also reduced by disinfecting household surfaces, which can be done effectively with a diluted chlorine bleach solution.[50]

Experts agree hand-washing can help prevent viral infections, including ordinary and the swine flu infections. Also, avoiding touching one's eyes, nose or mouth with one's hands helps to prevent the flu.[47] Influenza can spread in coughs or sneezes, but an increasing body of evidence shows small droplets containing the virus can linger on tabletops, telephones and other surfaces and be transferred via the fingers to the eyes, nose or mouth. Alcohol-based gel or foam hand sanitizers[image: External link] work well to destroy viruses and bacteria. Anyone with flu-like symptoms, such as a sudden fever, cough or muscle aches, should stay away from work or public transportation, and should contact a doctor for advice.[51]

Social distancing[image: External link], another tactic, is staying away from other people who might be infected, and can include avoiding large gatherings, spreading out a little at work, or perhaps staying home and lying low if an infection is spreading in a community. Public health[image: External link] and other responsible authorities have action plans which may request or require social distancing actions, depending on the severity of the outbreak.
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Main article: 2009 flu pandemic vaccine


Vaccines[image: External link] are available for different kinds of swine flu. The U.S. Food and Drug Administration[image: External link] (FDA) approved the new swine flu vaccine for use in the United States on September 15, 2009.[52] Studies by the National Institutes of Health[image: External link] show a single dose creates enough antibodies to protect against the virus within about 10 days.[53]

In the aftermath of the 2009 pandemic, several studies were conducted to see who received influenza vaccines. These studies show that whites are much more likely to be vaccinated for seasonal influenza and for the H1N1 strain than African Americans [54] This could be due to several factors. Historically, there has been mistrust of vaccines and of the medical community from African Americans. Many African Americans do not believe vaccines or doctors to be effective. This mistrust stems from the exploitation of the African American communities during studies like the Tuskegee study[image: External link]. Additionally, vaccines are typically administered in clinics, hospitals, or doctor’s offices. Many people of lower socioeconomic status are less likely to receive vaccinations because they do not have health insurance.
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Although there is no formal national surveillance system in the United States to determine what viruses are circulating in pigs,[55] an informal surveillance network in the United States is part of a world surveillance network.[56]
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As swine influenza is rarely fatal to pigs, little treatment beyond rest and supportive care is required.[13] Instead, veterinary efforts are focused on preventing the spread of the virus throughout the farm, or to other farms.[5] Vaccination and animal management techniques are most important in these efforts. Antibiotics are also used to treat this disease, which although they have no effect against the influenza virus, do help prevent bacterial pneumonia and other secondary infections in influenza-weakened herds.[13]
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If a person becomes sick with swine flu, antiviral drugs can make the illness milder and make the patient feel better faster. They may also prevent serious flu complications. For treatment, antiviral drugs work best if started soon after getting sick (within two days of symptoms). Beside antivirals, supportive care at home or in a hospital focuses on controlling fevers, relieving pain and maintaining fluid balance, as well as identifying and treating any secondary infections or other medical problems. The U.S. Centers for Disease Control and Prevention recommends the use of oseltamivir (Tamiflu) or zanamivir (Relenza) for the treatment and/or prevention of infection with swine influenza viruses; however, the majority of people infected with the virus make a full recovery without requiring medical attention or antiviral drugs.[57] The virus isolated in the 2009 outbreak have been found resistant to amantadine and rimantadine.[58]

In the U.S., on April 27, 2009, the FDA issued Emergency Use Authorizations[image: External link] to make available Relenza[image: External link] and Tamiflu[image: External link] antiviral drugs to treat the swine influenza virus in cases for which they are currently unapproved. The agency issued these EUAs to allow treatment of patients younger than the current approval allows and to allow the widespread distribution of the drugs, including by volunteers.[59]
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Swine influenza was first proposed to be a disease related to human flu during the 1918 flu pandemic, when pigs became ill at the same time as humans.[60] The first identification of an influenza virus as a cause of disease in pigs occurred about ten years later, in 1930.[61] For the following 60 years, swine influenza strains were almost exclusively H1N1. Then, between 1997 and 2002, new strains of three different subtypes and five different genotypes emerged as causes of influenza among pigs in North America. In 1997–1998, H3N2 strains emerged. These strains, which include genes derived by reassortment from human, swine and avian viruses, have become a major cause of swine influenza in North America. Reassortment between H1N1 and H3N2 produced H1N2[image: External link]. In 1999 in Canada, a strain of H4N6 crossed the species barrier from birds to pigs, but was contained on a single farm.[61]

The H1N1 form of swine flu is one of the descendants of the strain that caused the 1918 flu pandemic.[62][63] As well as persisting in pigs, the descendants of the 1918 virus have also circulated in humans through the 20th century, contributing to the normal seasonal epidemics of influenza.[63] However, direct transmission from pigs to humans is rare, with only 12 recorded cases in the U.S. since 2005.[64] Nevertheless, the retention of influenza strains in pigs after these strains have disappeared from the human population might make pigs a reservoir where influenza viruses could persist, later emerging to reinfect humans once human immunity to these strains has waned.[65]

Swine flu has been reported numerous times as a zoonosis[image: External link] in humans, usually with limited distribution, rarely with a widespread distribution. Outbreaks in swine are common and cause significant economic losses in industry, primarily by causing stunting and extended time to market. For example, this disease costs the British meat industry about £65 million every year.[66]
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The 1918 flu pandemic in humans was associated with H1N1 and influenza appearing in pigs;[63] this may reflect a zoonosis[image: External link] either from swine to humans, or from humans to swine. Although it is not certain in which direction the virus was transferred, some evidence suggests, in this case, pigs caught the disease from humans.[60] For instance, swine influenza was only noted as a new disease of pigs in 1918, after the first large outbreaks of influenza amongst people.[60] Although a recent phylogenetic[image: External link] analysis of more recent strains of influenza in humans, birds, animals, and many others and swine suggests the 1918 outbreak in humans followed a reassortment event within a mammal,[67] the exact origin of the 1918 strain remains elusive.[68] It is estimated that anywhere from 50 to 100 million people were killed worldwide.[63][69]
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Main article: 1976 swine flu outbreak


On February 5, 1976, a United States army recruit at Fort Dix[image: External link] said he felt tired and weak. He died the next day, and four of his fellow soldiers were later hospitalized. Two weeks after his death, health officials announced the cause of death was a new strain of swine flu. The strain, a variant of H1N1, is known as A/New Jersey/1976 (H1N1). It was detected only from January 19 to February 9 and did not spread beyond Fort Dix.[70]

This new strain appeared to be closely related to the strain involved in the 1918 flu pandemic. Moreover, the ensuing increased surveillance uncovered another strain in circulation in the U.S.: A/Victoria/75 (H3N2), which spread simultaneously, also caused illness, and persisted until March.[70] Alarmed public health officials decided action must be taken to head off another major pandemic, and urged President Gerald Ford[image: External link] that every person in the U.S. be vaccinated for the disease.[71]

The vaccination[image: External link] program was plagued by delays and public relations problems.[72] On October 1, 1976, immunizations began, and three senior citizens died soon after receiving their injections. This resulted in a media outcry that linked these deaths to the immunizations, despite the lack of any proof the vaccine was the cause. According to science writer Patrick Di Justo, however, by the time the truth was known—that the deaths were not proven to be related to the vaccine—it was too late. "The government had long feared mass panic about swine flu—now they feared mass panic about the swine flu vaccinations." This became a strong setback to the program.[73]

There were reports of Guillain–Barré syndrome[image: External link] (GBS), a paralyzing neuromuscular[image: External link] disorder, affecting some people who had received swine flu immunizations. Although whether a link exists is still not clear, this syndrome may be a side effect of influenza vaccines. As a result, Di Justo writes, "the public refused to trust a government-operated health program that killed old people and crippled young people." In total, 48,161,019 Americans, or just over 22% of the population, had been immunized by the time the National Influenza Immunization Program was effectively halted on December 16, 1976.[74] [75]

Overall, there were 1098 cases of GBS recorded nationwide by CDC surveillance, 532 of which occurred after vaccination and 543 before vaccination.[76] About one to two cases per 100,000 people of GBS occur every year, whether or not people have been vaccinated.[77] The vaccination program seems to have increased this normal risk of developing GBS by about to one extra case per 100,000 vaccinations.[77]

Recompensation charges were filed for over 4000 cases of severe vaccination damage, including 25 deaths, totalling US$3.5 billion, by 1979.[78] The CDC stated most studies on modern influenza vaccines have seen no link with GBS,[77][79][80] Although one review gives an incidence of about one case per million vaccinations,[81] a large study in China, reported in the New England Journal of Medicine[image: External link], covering close to 100 million doses of H1N1 flu vaccine, found only 11 cases of GBS, which is lower than the normal rate of the disease in China: "The risk-benefit ratio, which is what vaccines and everything in medicine is about, is overwhelmingly in favor of vaccination."[82]
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In September 1988, a swine flu virus killed one woman and infected others. A 32-year-old woman, Barbara Ann Wieners, was eight months pregnant when she and her husband, Ed, became ill after visiting the hog barn at a county fair in Walworth County, Wisconsin[image: External link]. Barbara died eight days later, after developing pneumonia.[83] The only pathogen identified was an H1N1 strain of swine influenza virus.[84] Doctors were able to induce labor and deliver a healthy daughter before she died. Her husband recovered from his symptoms.

Influenza-like illness (ILI) was reportedly widespread among the pigs exhibited at the fair. Of the 25 swine exhibitors aged 9 to 19 at the fair, 19 tested positive for antibodies to SIV, but no serious illnesses were seen. The virus was able to spread between people, since one to three health care personnel who had cared for the pregnant woman developed mild, influenza-like illnesses, and antibody tests suggested they had been infected with swine flu, but there was no community outbreak.[85][86]

In 1998, swine flu was found in pigs in four U.S. states. Within a year, it had spread through pig populations across the United States. Scientists found this virus had originated in pigs as a recombinant form of flu strains from birds and humans. This outbreak confirmed that pigs can serve as a crucible where novel influenza viruses emerge as a result of the reassortment of genes from different strains.[87][88][89] Genetic components of these 1998 triple-hybrid stains would later form six out of the eight viral gene segments in the 2009 flu outbreak.[90][91][92][93][94]
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On August 20, 2007, Department of Agriculture officers investigated the outbreak of swine flu in Nueva Ecija[image: External link] and central Luzon[image: External link], Philippines. The mortality rate is less than 10% for swine flu, unless there are complications like hog cholera[image: External link]. On July 27, 2007, the Philippine National Meat Inspection Service (NMIS) raised a hog cholera "red alert" warning over Metro Manila[image: External link] and five regions of Luzon after the disease spread to backyard pig farms in Bulacan[image: External link] and Pampanga[image: External link], even if these tested negative for the swine flu virus.[95][96]
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 2009 Northern Ireland outbreak




Since November 2009, 14 deaths as a result of swine flu in Northern Ireland have been reported. The majority of the victims were reported to have pre-existing health conditions which had lowered their immunity. This closely corresponds to the 19 patients who had died in the year prior due to swine flu, where 18 of the 19 were determined to have lowered immune systems. Because of this, many mothers who have just given birth are strongly encouraged to get a flu shot because their immune systems are vulnerable. Also, studies have shown that people between the ages of 15 and 44 have the highest rate of infection. Although most people now recover, having any conditions that lower one's immune system increases the risk of having the flu become potentially lethal. In Northern Ireland now, approximately 56% of all people under 65 who are entitled to the vaccine have gotten the shot, and the outbreak is said to be under control.[97]
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Swine flu outbreaks were reported in India in late 2014 and early 2015. As of March 19, 2015 the disease has affected 31,151 people and claimed over 1,841 lives.[4][98] The largest number of reported cases and deaths due to the disease occurred in the western part of India including states like Delhi[image: External link], Madhya Pradesh[image: External link], Rajasthan[image: External link], and Gujarat[image: External link]. Researchers of MIT have claimed that the swine flu has mutated in India to a more virulent version with changes in Hemagglutinin protein. This has however been disputed by Indian researchers.[99]
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Swine flu outbreaks were reported in Nepal in the spring of 2015. As of April 21, 2015 the disease has claimed 26 lives in the most severely affected district, Jajarkot[image: External link] in Northwest Nepal.[100] Cases were also detected in the districts of Kathmandu[image: External link], Morang[image: External link], Kaski[image: External link], and Chitwan[image: External link].[101] As of 22 April 2015 the Nepal Ministry of Health reported that 2,498 people had been treated in Jajarkot, of whom 552 were believed to have swine flu, and acknowledged that the government's response had been inadequate.[102] The Jajarkot outbreak had just been declared an emergency when the April 2015 Nepal earthquake[image: External link] struck on 25 April 2015, diverting all medical and emergency resources to quake-related rescue and recovery.
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 2016 Pakistan outbreak




There were seven cases of Swine flu reported in Punjab[image: External link] province of Pakistan[image: External link] mainly in the city of Multan[image: External link] in January 2016.Cases of Swine Flu have also been reported in Lahore.[103]
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 2017 Maldives outbreak




As of 16 March 2017, over a hundred confirmed cases of Swine flu and at least six deaths were reported in the Maldivian capital of Male'[image: External link] and some other islands. Makeshift flu clinics were opened in Male'.[104] Schools, universities and colleges in the capital were closed, prison visitations suspended, several events cancelled, and all non-essential travel to other islands outside the capital was advised against by the HPA. An influenza vaccination program focussed on pregnant women was initiated soon after.[105] An official visit by the Saudi King Salman bin Abdulaziz Al Saud[image: External link] to the Maldives during his Asian tour was also cancelled last minute amidst fears over the outbreak of swine flu.
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 H1N1 virus pandemic history




A study conducted in 2008, and published in the journal Nature, has managed to establish the evolutionary origin of the flu strain of swine origin (S-OIV).[106]

The phylogenetic origin of the flu virus that caused the 2009 pandemics can be traced before 1918. Around 1918, the ancestral virus, of avian origin, crossed the species boundaries and infected humans as human H1N1. The same phenomenon took place soon after in America, where the human virus was infecting pigs; it led to the emergence of the H1N1 swine strain, which later became the classic[clarification needed[image: External link]] swine flu.

New events of reassortment were not reported until 1968, when the avian strain H1N1 infected humans again; this time the virus met the strain H2N2, and the reassortment originated the strain H3N2. This strain has remained as a stable flu strain until now.

The mid-1970s were important for the evolution of flu strains. First, the re-emergence of the human H1N1 strain became a seasonal strain. Then, a small outbreak of swine H1N1 occurred in humans, and finally, the human H2N2 strain apparently became extinct. Around 1979, the avian H1N1 strain infected pigs and gave rise to Euroasiatic swine flu and H1N1 Euroasiatic swine virus, which is still being transmitted in swine populations.

The critical moment for the 2009 outbreak was between 1990 and 1993. A triple reassortment event in a pig host of North American H1N1 swine virus, the human H3N2 virus and avian H1N1 virus generated the swine H1N2 strain. Finally, the last step in S-OIV history was in 2009, when the virus H1N2 co-infected a human host at the same time as the Euroasiatic H1N1 swine strain. This led to the emergence of a new human H1N1 strain, which caused the 2009 pandemic.

On June 11, 2009, the World Health Organization raised the worldwide pandemic alert level to Phase 6 for swine flu, which is the highest alert level.[107] This alert level means that the swine flu had spread worldwide and there were cases of people with the virus in most countries. The pandemic level identifies the spread of the disease or virus and not necessarily the severity of the disease.

Swine flu spread very rapidly worldwide due to its high human-to-human transmission rate and due to the frequency of air travel.[107]

In 2015 the instances of Swine Flu substantially increased to five year highs with over 10000 cases reported and 660 deaths in India.[108] The states reporting the highest number of cases and deaths are Rajasthan, Gujarat, Madhya Pradesh, Maharashtra, Delhi, and Telangana.[109] The circulating strain of influenza being the same, unmutant strain that caused global pandemic in 2009 (A H1N1 pdm 09), the sudden spurt of the cases in the beginning of 2015 left the Indian government unexplained but concerned. Government instructed the affected states to investigate into the epidemiological reasons of such spurt in the states, and had detailed the advisory guidelines to all states. The guidelines are mainly for (a) description of A H1N1 for prompt identification, detection, and distinction from the symptoms of other similar infection such as common flu(cold) (b) categorization of screening of influenza A H1N1 cases, (c) clinical management protocol of Pandemic influenza A H1N1, (d) providing home care, (e) collection of human sample.[110] Besides, through the National Centre for Diseases Control (NCDC), Directorate General of Health Services (DGHS), Government of India (GoI) had placed a tender to procure 8 kits of Assay sets, 37 kits of one step RT-PCR kit, and 36 kits of viral RNA extraction kits.[111]
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Influenza A virus subtype H1N1






For the H1N1/09 virus strain responsible for the 2009 flu pandemic, see Pandemic H1N1/09 virus. For the 1918 influenza A(H1N1) pandemic, see 1918 flu pandemic.

Influenza A ( H1[image: External link] N1[image: External link]) virus is the subtype of influenza A virus that was the most common cause of human influenza (flu) in 2009, and is associated with the 1918 outbreak known as the Spanish Flu[image: External link].

It is an orthomyxovirus[image: External link] that contains the glycoproteins haemagglutinin[image: External link] and neuraminidase[image: External link]. For this reason, they are described as H1N1, H1N2 etc. depending on the type of H or N antigens they express with metabolic synergy. Haemagglutinin causes red blood cells to clump together and binds the virus to the infected cell. Neuraminidase are a type of glycoside hydrolase enzyme which help to move the virus particles through the infected cell and assist in budding from the host cells.[1]

Some strains of H1N1 are endemic in humans[image: External link] and cause a small fraction of all influenza-like illness and a small fraction of all seasonal influenza[image: External link]. H1N1 strains caused a small percentage of all human flu infections in 2004–2005.[2] Other strains of H1N1 are endemic in pigs (swine influenza) and in birds (avian influenza).

In June 2009, the World Health Organization[image: External link] (WHO) declared the new strain of swine-origin H1N1 as a pandemic. This strain is often called swine flu by the public media. This novel virus spread worldwide and had caused about 17,000 deaths by the start of 2010. On August 10, 2010, the World Health Organization declared the H1N1 influenza pandemic over, saying worldwide flu activity had returned to typical seasonal patterns.[3]



TOP
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 Swine influenza




Swine influenza (swine flu or pig flu) is a respiratory disease that occurs in pigs that is caused by the Influenza A virus. Influenza viruses that are normally found in swine are known as swine influenza viruses (SIVs). The known SIV strains include influenza C and the subtypes of influenza A known as H1N1, H1N2[image: External link], H3N1[image: External link], H3N2 and H2N3[image: External link]. Pigs can also become infected with the H4N6 and H9N2 subtypes.[4]

Swine influenza virus is common throughout pig populations worldwide. Transmission of the virus from pigs to humans is not common and does not always lead to human influenza, often resulting only in the production of antibodies in the blood. If transmission does cause human influenza, it is called zoonotic swine flu[image: External link] or a variant virus. People with regular exposure to pigs are at increased risk of swine flu infection. The meat of an infected animal poses no risk of infection when properly cooked.

Pigs experimentally infected with the strain of swine flu that caused the human pandemic of 2009–10 showed clinical signs of flu within four days, and the virus spread to other uninfected pigs housed with the infected ones.[5]

During the mid-20th century, identification of influenza subtypes became possible, allowing accurate diagnosis of transmission to humans. Since then, only 50 such transmissions have been confirmed. These strains of swine flu rarely pass from human to human. Symptoms of zoonotic swine flu in humans are similar to those of influenza and of influenza-like illness in general, namely chills, fever[image: External link], sore throat[image: External link], muscle pains, severe headache[image: External link], coughing, weakness, and general discomfort. The recommended time of isolation is about five days.
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 Notable incidents
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 Spanish flu




Main article: 1918 flu pandemic


The Spanish flu, also known as la grippe, La Gripe Española, or La Pesadilla, was an unusually severe and deadly strain[image: External link] of swine influenza, a viral[image: External link] infectious disease, that killed some 50 to 100 million people worldwide over about a year in 1918 and 1919. It is thought to be one of the deadliest pandemics in human history[image: External link].

The 1918 flu caused an unusual number of deaths, possibly due to it causing a cytokine storm in the body.[6][7] (The current H5N1[image: External link] bird flu, also an Influenza A virus, has a similar effect.)[8] The Spanish flu virus infected lung cells, leading to overstimulation of the immune system via release of cytokines[image: External link] into the lung[image: External link] tissue. This leads to extensive leukocyte[image: External link] migration towards the lungs, causing destruction of lung tissue and secretion of liquid into the organ. This makes it difficult for the patient to breathe. In contrast to other pandemics, which mostly kill the old and the very young, the 1918 pandemic killed unusual numbers of young adults, which may have been due to their healthy immune systems mounting a too-strong and damaging response to the infection.[9]

The term "Spanish" flu was coined because Spain[image: External link] was at the time the only European[image: External link] country where the press were printing reports of the outbreak, which had killed thousands in the armies fighting World War I. Other countries suppressed the news in order to protect morale.[10]
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 Fort Dix outbreak




Main article: 1976 swine flu outbreak


In 1976, a novel swine influenza A (H1N1) caused severe respiratory illness in 13 soldiers with 1 death at Fort Dix, New Jersey. The virus was detected only from January 19 to February 9 and did not spread beyond Fort Dix.[11] Retrospective serologic testing subsequently demonstrated that up to 230 soldiers had been infected with the novel virus, which was an H1N1 strain. The cause of the outbreak is still unknown and no exposure to pigs was identified.[12]
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 Russian flu




The 1977–1978 Russian flu epidemic[image: External link] was caused by strain Influenza A/USSR/90/77 (H1N1). It infected mostly children and young adults under 23 because a similar strain was prevalent in 1947–57, causing most adults to have substantial immunity. Because of a striking similarity in the viral RNA of both strains – one which is unlikely to appear in nature due to antigenic drift[image: External link] – it was speculated that the later outbreak was due to a laboratory incident in Russia or Northern China, though this was denied by scientists in those countries.[13][14][15] The virus was included in the 1978–1979 influenza vaccine.[16][17][18][19]


	See also 1889–1890 flu pandemic for the earlier Russian flu pandemic caused either by H3N8[image: External link] or H2N2
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 2009 A(H1N1) pandemic




Main article: Pandemic H1N1/09 virus


In the 2009 flu pandemic, the virus[image: External link] isolated from patients in the United States was found to be made up of genetic elements from four different flu viruses – North American swine influenza, North American avian influenza, human influenza, and swine influenza virus typically found in Asia and Europe – "an unusually mongrelised[image: External link] mix of genetic sequences."[20] This new strain appears to be a result of reassortment of human influenza[image: External link] and swine influenza viruses, in all four different strains of subtype H1N1.

Preliminary genetic characterization found that the hemagglutinin[image: External link] (HA) gene was similar to that of swine flu viruses present in U.S. pigs since 1999, but the neuraminidase[image: External link] (NA) and matrix protein[image: External link] (M) genes resembled versions present in European swine flu isolates. The six genes from American swine flu are themselves mixtures of swine flu, bird flu, and human flu viruses.[21] While viruses with this genetic makeup had not previously been found to be circulating in humans or pigs, there is no formal national surveillance system to determine what viruses are circulating in pigs in the U.S.[22]

In April 2009, an outbreak of influenza-like illness (ILI) occurred in the United States and then in Mexico; the CDC reported seven cases of novel A/H1N1 influenza. By April 24 it became clear that the outbreak of ILI in Mexico and the confirmed cases of novel influenza A in the southwest US were related and WHO issued a health advisory on the outbreak of "influenza-like illness in the United States and Mexico".[23] The disease then spread very rapidly, with the number of confirmed cases rising to 2,099 by May 7, despite aggressive measures taken by the Mexican government to curb the spread of the disease.[24] The outbreak had been predicted a year earlier by noticing the increasing number of replikins[image: External link], a type of peptide[image: External link], found in the virus.[25]

On June 11, 2009, the WHO[image: External link] declared an H1N1 pandemic, moving the alert level to phase 6, marking the first global pandemic since the 1968 Hong Kong flu[image: External link].[26] On October 25, 2009, U.S. President Barack Obama[image: External link] officially declared H1N1 a national emergency[image: External link][27] Despite President Obama's concern, a Fairleigh Dickinson University[image: External link] PublicMind poll found in October 2009 that an overwhelming majority of New Jerseyans (74%) were not very worried or not at all worried about contracting the H1N1 flu virus.[28] However, the President’s declaration caused many U.S. employers to take actions to help stem the spread of the swine flu and to accommodate employees and / or workflow which may be impacted by an outbreak.[29]

A study conducted in coordination with the University of Michigan Health Service — scheduled for publication in the December 2009 American Journal of Roentgenology[image: External link] — warned that H1N1 flu can cause pulmonary embolism[image: External link], surmised as a leading cause of death in this pandemic. The study authors suggest physician evaluation via contrast enhanced CT scans for the presence of pulmonary emboli when caring for patients diagnosed with respiratory complications from a "severe" case of the H1N1 flu.[30] However pulmonary embolism is not the only embolic manifestation of H1N1 infection. H1N1 may induce a number of embolic events such as myocardial infarction, bilateral massive DVT, arterial thrombus of infrarenal aorta, thrombosis of right external Iliac vein and common femoral vein or cerebral gas embolism. The type of embolic events caused by H1N1 infection are summarized in a recently published review by Dimitroulis Ioannis et al.[31]

The March 21, 2010 worldwide update, by the U.N.'s World Health Organization (WHO), states that "213 countries and overseas territories/communities have reported laboratory confirmed cases of pandemic influenza H1N1 2009, including at least 16,931 deaths."[32] As of May 30, 2010, worldwide update by World Health Organization(WHO) more than 214 countries and overseas territories or communities have reported laboratory confirmed cases of pandemic influenza H1N1 2009, including over 18,138 deaths.[33] The research team of Andrew Miller MD[image: External link] showed pregnant patients are at increased risk.[34] It has been suggested that pregnant women and certain populations such as native North Americans have a greater likelihood of developing a T helper[image: External link] type 2 response to H1N1 influenza which may be responsible for the systemic inflammatory response syndrome[image: External link] that causes pulmonary edema and death.[35]

On 26 April 2011, an H1N1 pandemic preparedness alert was issued by the World Health Organization for the Americas.[36] In August 2011, according to the U.S. Geological Survey and the CDC, northern sea otters off the coast of Washington state were infected with the same version of the H1N1 flu virus that caused the 2009 pandemic[ when?[image: External link]] and "may be a newly identified animal host of influenza viruses".[37] In May 2013, seventeen people died during an H1N1 outbreak in Venezuela[image: External link], and a further 250 were infected.[38] As of early January 2014, Texas health officials have confirmed at least thirty-three H1N1 deaths and widespread outbreak during the 2013/2014 flu season,[39] while twenty-one more deaths have been reported across the US. Nine people have been reported dead from an outbreak in several Canadian cities,[40] and Mexico reports outbreaks resulting in at least one death.[41] Spanish health authorities have confirmed 35 H1N1 cases in the Aragon region, 18 of whom are in intensive care.[42] On March 17, 2014, three cases were confirmed with a possible fourth awaiting results occurring at the Centre for Addiction and Mental Health[image: External link] in Toronto[image: External link], Ontario, Canada.[43]
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 2015 India outbreak




Main article: 2015 Indian swine flu outbreak[image: External link]


Swine flu was reported in India in early 2015. The disease affected more than 31,000 people and claimed over 1,900 lives.[44]
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 2017 Maldives outbreak




Maldives reported Swine flu in early 2017. [45] 501 people were tested for the disease; 185 (37%) of those tested were positive for the disease. 4 people from these 185 died due to this disease. [46]

Total number of people who passed away due to this disease is so far unknown. Patient zero was never identified.[47]

Schools were closed for a week due to the disease, but were ordered by the Ministry of Education to open after the holidays even though the disease was not fully under control. [48]

After widespread rumors about Saudi Arabia going to purchase an entire atoll from Maldives, Saudi Arabian embassy in Maldives issued a statement against the rumors. [49] [50] However the trip of the Saudi monarch was going forward until it was cancelled later due to the H1N1 outbreak in Maldives. [51]
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 In pregnancy




Pregnant women who contract the H1N1 infection are at a greater risk of developing complications because of hormonal changes, physical changes and changes to their immune system to accommodate the growing fetus.[52] For this reason the Center for Disease Control and Prevention recommends that those who are pregnant to get vaccinated to prevent the influenza virus. The vaccination should not be taken by people who have had a severe allergic reaction to the influenza vaccination. Additionally those who are moderately to severely ill, with or without a fever should wait until they recover before taking the vaccination.[53]

Pregnant women who become infected with the influenza are advised to contact their doctor immediately. Influenza can be treated using antiviral medication, which are available by prescription. Oseltamivir (trade name Tamiflu) and zanamivir (Relenza) are two neuraminidase inhibitors[image: External link] (antiviral medications) currently recommended. It has been shown that they are most effective when taken within two days of becoming sick.[54]

Since October 1, 2008, the CDC has tested 1,146 seasonal influenza A (H1N1) viruses for resistance against oseltamivir and zanamivir. It was found that 99.6% of the samples were resistant to oseltamivir while none were resistant to zanamivir. In 853 samples of 2009 Influenza A (H1N1) virus only 4% showed resistance to oseltamivir, while none of 376 samples showed resistance to zanamivir.[55] A study conducted in Japan during the 2009 H1N1 pandemic concluded that infants exposed to either oseltamivir or zanamivir had no short term adverse effects.[56] Both amantadine and rimantadine have been found to be teratogenic[image: External link] and embryotoxic (malformations and toxic effects on the embryo) when given at high doses in animal studies.[57]
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Influenza Vaccine






Influenza vaccines, also known as flu shots or jabs, are vaccines[image: External link] that protect against influenza.[2] A new version of the vaccine is developed twice a year as the influenza virus[image: External link] rapidly changes.[2] While their effectiveness varies from year to year, most provide modest to high protection against influenza.[2][3] They decrease the number of missed days of work by a half day on average.[4] Vaccinating children may protect those around them.[2] The effectiveness in those under two years old and over 65 years old is unknown due to the low quality of the research.[5][6][7]

The World Health Organization[image: External link] (WHO) and Centers for Disease Control and Prevention (CDC) recommends yearly vaccination for nearly all people over the age of six months, especially those at high risk.[2][8] The European Centre for Disease Prevention and Control[image: External link] also recommends yearly vaccination of high risk groups.[9] These groups include pregnant[image: External link] women, the elderly, children between six months and five years of age, those with other health problems, and those who work in healthcare.[2]

The vaccines are generally safe. Fever[image: External link] occurs in five to ten per cent of children vaccinated, and feeling tired or muscle pains may occur as well. In certain years, the vaccine causes Guillain–Barré syndrome[image: External link] in older people at a rate of about one case per million doses. It should not be given to those with severe allergies[image: External link] to eggs or to previous versions of the vaccine. The vaccines come in both inactive and weakened viral forms. The inactive version should be used for those who are pregnant. They come in forms that are injected into a muscle[image: External link], sprayed into the nose[image: External link], or injected into the middle layer of the skin[image: External link].[2]

Vaccination against influenza began in the 1930s with large scale availability in the United States beginning in 1945.[10][11] It is on the World Health Organization's List of Essential Medicines[image: External link], the most effective and safe medicines needed in a health system[image: External link].[12] The wholesale price in the developing world[image: External link] is about $5.25 USD per dose as of 2014.[13] In the United States, it costs less than $25 USD.[14]



TOP
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 Medical uses




The Centers for Disease Control and Prevention, recommend the flu vaccine as the best way to protect people against the flu and prevent its spread. The flu vaccine can also reduce the severity of the flu if a person contracts a flu strain that the vaccine did not contain.[15] It takes about two weeks following vaccination for protective antibodies[image: External link] to form.[16]

A 2012 meta-analysis[image: External link] found that flu vaccination was effective 67 percent of the time; the populations that benefited the most were HIV-positive[image: External link] adults ages 18 to 55 (76 percent), healthy adults ages 18 to 46 (approximately 70 percent), and healthy children ages six to 24 months (66 percent).[17]
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A vaccine is assessed by its efficacy; the extent to which it reduces risk of disease under controlled conditions, and its effectiveness, the observed reduction in risk after the vaccine is put into use.[18] In the case of influenza, effectiveness is expected to be lower than the efficacy because it is measured using the rates of influenza-like illness, which is not always caused by influenza.[4] Influenza vaccines generally show high efficacy, as measured by the antibody production in animal models or vaccinated people.[19] However, studies on the effectiveness of flu vaccines in the real world are difficult; vaccines may be imperfectly matched, virus prevalence varies widely between years, and influenza is often confused with other influenza-like illnesses.[20] However, in most years (16 of the 19 years before 2007), the flu vaccine strains have been a good match for the circulating strains,[21] and even a mismatched vaccine can often provide cross-protection.[22]

Trials of both live and inactivated influenza vaccines against seasonal influenza have been summarized in several 2012 meta-analyses. Studies on live vaccines have very limited data, but these preparations may be more effective than inactivated vaccines[image: External link].[23] The meta-analyses examined the efficacy and effectiveness of inactivated vaccines against seasonal influenza in adults,[4] children,[7] and the elderly.[24][25]
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 Children




The CDC recommend that everyone except infants under the age of six months should receive the seasonal influenza vaccine.[8] Vaccination campaigns[image: External link] usually focus special attention on people who are at high risk of serious complications[image: External link] if they catch the flu, such as pregnant[image: External link] women, children over six months, the elderly, and people with chronic illnesses[image: External link] or weakened immune systems[image: External link], as well as those to whom they are exposed, such as health care workers.[8][26]

As the death rate is also high among infants who catch influenza, the household contacts and caregivers of infants should be vaccinated to reduce the risk of passing an influenza infection to the infant.[26]

In children, vaccines again showed high efficacy, but low effectiveness in preventing "flu-like illness".[7] In children under the age of two, the data are extremely limited, but vaccination appeared to confer no measurable benefit.[7]
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 Adults




In unvaccinated adults, 16% get symptoms similar to the flu, while about 10% of vaccinated adults do.[4] Vaccination decreased confirmed cases of influenza from about 2.4% to 1.1%.[4] No effect on hospitalization was found.[4]

In working adults a review by the Cochrane Collaboration[image: External link] found that vaccination resulted in a modest decrease in both influenza symptoms and working days lost, without affecting transmission or influenza-related complications.[4] In healthy working adults, influenza vaccines can provide moderate protection against virologically confirmed influenza, though such protection is greatly reduced or absent in some seasons.[5]

In health care workers, a 2006 review found a net benefit.[27] Of the eighteen studies in this review, only two also assessed the relationship of patient mortality relative to staff influenza vaccine uptake; both found that higher rates of health care worker vaccination correlated with reduced patient deaths.[27] A 2014 review found benefits to patients when health care workers were immunized, as supported by moderate evidence[28] based in part on the observed reduction in all-cause deaths in patients whose health care workers were given immunization compared with comparison patients in which the health care workers were not offered vaccine.[29]
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 Elderly




Evidence for an effect in adults over 65 years old is unclear.[30] Systematic reviews examining both randomized controlled[image: External link] and case control studies[image: External link] found a lack of high-quality evidence.[5][24] Reviews of case control studies[image: External link] found effects against laboratory-confirmed influenza, pneumonia, and death among the community-dwelling elderly.[31][32]

The group most vulnerable to non-pandemic flu, the elderly, benefits least from the vaccine. There are multiple reasons behind this steep decline in vaccine efficacy, the most common of which are the declining immunological function and frailty associated with advanced age.[33] In a non-pandemic year, a person in the United States aged 50–64 is nearly ten times more likely to die an influenza-associated death than a younger person, and a person over age 65 is over ten times more likely to die an influenza-associated death than the 50–64 age group.[34]

There is a new high-dose flu vaccine specifically formulated to provide a stronger immune response.[35] Available evidence indicates that vaccinating the elderly with the high-dose vaccine leads to a stronger immune response against influenza than the regular-dose vaccine.[36]

Vaccinating health care workers who work with elderly people is recommended in many countries, with the goal of reducing influenza outbreaks in this vulnerable population.[37][38][39] While there is no conclusive evidence from randomized clinical trials[image: External link] that vaccinating health care workers helps protect the elderly people from influenza, there is tentative evidence of benefit.[40]
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 Pregnancy




As well as protecting mother and child from the effects of an influenza infection, the immunization of pregnant women tends to increase their chances of experiencing a successful full-term pregnancy.[41]

The trivalent inactivated influenza vaccine is protective in pregnant women infected with HIV[image: External link].[42]
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 Safety




See also: Vaccine controversies[image: External link]


While side effects of the flu vaccine may occur, they are usually minor. The flu vaccine can cause serious side effects, including an allergic reaction[image: External link], but this is rare. Furthermore, the common side effects and risks of inoculation are mild and temporary when compared to the risks and severe health effects of the annual influenza epidemic's well-documented toll of illness, hospitalization, and death.[43]

Flu vaccination may lead to side effects such as runny nose and sore throat, which can last for up to several days. Egg allergy[image: External link] may also be a concern, since flu vaccines are typically made using eggs;[44][45] however, research into egg-allergy and influenza vaccination[46] has led some advisory groups to recommend vaccine for those with mild allergies and monitored vaccination for those with severe.[47] A large study of nearly 800 children in the UK with egg allergy, including over 250 with previous anaphylactic[image: External link] reactions, had zero systemic allergic reactions when given the live attenuated[image: External link] flu vaccine.[48][49] On January 17, 2013, the U.S. FDA approved Flublok[image: External link], a faster-turnaround influenza vaccine which is the first grown in insect cells instead of eggs. Since eggs are not used in its production, it avoids any problem with egg allergies.[50]

Although Guillain–Barré syndrome[image: External link] had been feared as a complication of vaccination, the CDC states that most studies on modern influenza vaccines have seen no link with Guillain–Barré.[51][52] Infection with influenza virus itself increases both the risk of death (up to 1 in 10,000) and increases the risk of developing Guillain–Barré syndrome[image: External link] to a far higher level than the highest level of suspected vaccine involvement (approximately 10 times higher by 2009 estimates).[53][54]

Although one review gives an incidence of about one case of Guillain–Barré per million vaccinations,[55] a large study in China, reported in The New England Journal of Medicine[image: External link] covering close to 100 million doses of vaccine against the 2009 H1N1 "swine" flu found only eleven cases of Guillain–Barré syndrome[image: External link], (0.1 per million doses) total incidence in persons vaccinated, actually lower than the normal rate of the disease in China, and no other notable side effects; "The risk-benefit ratio, which is what vaccines and everything in medicine is about, is overwhelmingly in favor of vaccination."[56][54] Several studies have identified an increased incidence of narcolepsy among recipients of the pandemic H1N1 influenza ASO3-adjuvanted vaccine,[57] efforts to identify a mechanism for this suggest that narcolepsy is autoimmune, and that the ASO3-adjuvanted H1N1 vaccine may mimic hypocretin, serving as a trigger.[58]

Some injection-based flu vaccines intended for adults in the United States contain thiomersal[image: External link] (also known as thimerosal), a mercury[image: External link]-based preservative. Despite some controversy[image: External link] in the media,[59] the World Health Organization[image: External link]'s Global Advisory Committee on Vaccine Safety has concluded that there is no evidence of toxicity from thiomersal in vaccines and no reason on grounds of safety to change to more-expensive single-dose administration.[60]
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Flu vaccines are available either as


	a trivalent or quadrivalent injection (TIV or QIV), which contains the inactivated form of the virus.

	a nasal spray of live attenuated influenza vaccine (LAIV, Q/LAIV), which contains the attenuated or weakened form of the virus.



TIV induces protection after injection (typically intramuscular, though subcutaneous and intradermal routes can also be protective)[61] based on an immune response[image: External link] to the antigens present on the inactivated virus, while cold-adapted LAIV works by establishing infection in the nasal passages.[62]
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 Recommendations




Various public health organizations, including the World Health Organization, have recommended that yearly influenza vaccination be routinely offered, particularly to people at risk of complications of influenza and those individuals who live with or care for high-risk individuals, including:


	the elderly (UK recommendation is those aged 65 or above)

	people with chronic lung diseases ( asthma[image: External link], COPD[image: External link], etc.)

	people with chronic heart diseases (congenital heart disease[image: External link], chronic heart failure[image: External link], ischaemic heart disease[image: External link])

	people with chronic liver diseases (including cirrhosis[image: External link])

	people with chronic kidney diseases (such as the nephrotic syndrome[image: External link])

	people who are immunosuppressed (those with HIV[image: External link] or who are receiving drugs to suppress the immune system such as chemotherapy and long-term steroids[image: External link]) and their household contacts

	people who live together in large numbers in an environment where influenza can spread rapidly, such as prisons, nursing homes, schools, and dormitories.[63]


	healthcare workers (both to prevent sickness and to prevent spread to patients)[64][65]


	
pregnant women. However, a 2009 review concluded that there was insufficient evidence to recommend routine use of trivalent influenza vaccine during the first trimester of pregnancy.[66] Influenza vaccination during flu season is part of recommendations for influenza vaccination of pregnant women in the United States[image: External link].[67]




Both types of flu vaccines are contraindicated for those with severe allergies[image: External link] to egg proteins and people with a history of Guillain–Barré syndrome[image: External link].[68]
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 World Health Organization




As of 2016, the World Health Organization[image: External link] recommends seasonal influenza vaccination for:[69][70]


	Highest priority:




	Pregnant women




	Priority (in no particular order):




	Children aged 6–59 months

	Elderly

	Individuals with specific chronic medical conditions

	Health-care workers
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 Canada




In 2008, the National Advisory Committee on Immunization, the group that advises the Public Health Agency of Canada[image: External link], recommended that everyone aged two to 64 years be encouraged to receive annual influenza vaccination, and that children between the age of six and 24 months, and their household contacts, should be considered a high priority for the flu vaccine.[71] The NACI also recommends the flu vaccine for:[72]


	People at high risk of influenza-related complications or hospitalization, including the morbidly obese, healthy pregnant women, children six to 59 months, the elderly, aboriginals, and people suffering from one of an itemized list of chronic health conditions

	People capable of transmitting influenza to those at high risk, including household contacts and healthcare workers

	People who provide essential community services

	Certain poultry workers
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 Europe




The European Center for Disease Prevention and Control[image: External link] recommends vaccinating the elderly as a priority, with a secondary priority people with chronic medical conditions and healthcare workers.[73]

The influenza vaccination strategy is generally that of protecting vulnerable people, rather than limiting influenza circulation or totally eliminating human influenza sickness. This is in contrast with the high herd immunity[image: External link] strategies for other Infectious diseases such as polio[image: External link] and measles[image: External link].[74] This is also due in part to the financial and logistics burden associated with the need of an annual injection.[75]
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 United States




In the United States routine influenza vaccination is recommended for all persons aged ≥ 6 months.[76][77][78]

According to the CDC, the live attenuated virus (which comes in the form of the nasal spray in the US) should be avoided by:


	Children younger than two years

	Adults 50 years and older

	People with a history of severe allergic reaction to any component of the vaccine or to a previous dose of any influenza vaccine

	People with asthma

	Children or adolescents on long-term aspirin treatment.

	Children and adults who have chronic pulmonary, cardiovascular (except isolated hypertension), renal, hepatic, neurologic/neuromuscular, hematologic, or metabolic disorders

	Children and adults who have immunosuppression (including immunosuppression caused by medications or by HIV)

	Pregnant women[79]




Within its blanket recommendation for general vaccination in the United States, the Centers for Disease Control and Prevention (CDC), which began recommending the influenza vaccine to health care workers in 1981, emphasizes to clinicians the special urgency of vaccination for members of certain vulnerable groups, and their caregivers[image: External link]:


	Vaccination is especially important for people at higher risk of serious influenza complications or people who live with or care for people at higher risk for serious complications.[80] In 2009, a new high-dose formulation of the standard influenza vaccine was approved. The Fluzone High Dose is specifically for people 65 and older; the difference is that it has four times the antigen dose of the standard Fluzone.[81]




The U.S. government requires hospitals to report worker vaccination rates. Some U.S. states and hundreds of U.S. hospitals require health-care workers to either get vaccinations or wear masks during flu season. These requirements occasionally engender union lawsuits on narrow collective bargaining[image: External link] grounds, but proponents note that courts have generally endorsed forced vaccination laws affecting the general population during disease outbreaks.[82]

Vaccination against influenza is especially important for members of high-risk groups who would be likely to have complications from influenza, for example pregnant women[76][83] and children and teenagers from six months to 18 years of age;[63]


	In raising the upper age limit to 18 years, the aim is to reduce both the time children and parents lose from visits to pediatricians and missing school and the need for antibiotics for complications[84]


	An added benefit expected from the vaccination of children is a reduction in the number of influenza cases among parents and other household members, and of possible spread to the general community.[84]




In USA : The CDC has indicated that live attenuated influenza vaccine (LAIV), also called the nasal spray vaccine, is not recommended for the 2016–2017 flu season, in the United States.[85]

Furthermore, health care personnel who care for severely immunocompromised persons should receive injections (TIV or QIV) rather than LAIV.[86]
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Uptake of flu vaccination, both seasonally and during pandemics, is often low.[87] Systematic reviews of pandemic flu vaccination uptake have identified several personal factors that may influence uptake, including gender (higher uptake in men), ethnicity (higher in people from ethnic minorities) and having a chronic illness.[88][89] Beliefs in the safety and effectiveness of the vaccine are also important.[87]
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 Healthcare workers




Frontline healthcare workers are often recommended to get seasonal and any pandemic flu vaccination. For example, in the UK, all healthcare workers involved in patient care are recommended to receive the seasonal flu vaccine and were also recommended to receive the swine flu vaccine during the 2009 pandemic. However, uptake is often low.[65] During the 2009 pandemic, low uptake by healthcare workers was seen in countries including the UK,[65] Italy,[90] Greece,[91] and Hong Kong.[92]

In a 2010 survey of United States healthcare workers, 63.5% reported that they received the flu vaccine during the 2010–11 season, an increase from 61.9% reported the previous season. US Health professionals with direct patient contact had higher vaccination uptake, such as physicians and dentists (84.2%) and nurse practitioners[image: External link] (82.6%).[93][94][95]

The main reason to vaccinate healthcare workers is to prevent staff from spreading flu to their patients and to reduce staff absence at a time of high service demand, but the reasons healthcare workers state for their decisions to accept vaccination or not may more often be to do with perceived personal benefits.[65]
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 Manufacturing




Flu vaccine is usually grown by vaccine manufacturers in fertilized chicken[image: External link] eggs.[96][97] In the Northern hemisphere, the manufacturing process begins following the announcement (typically in February) of the WHO recommended strains for the winter flu season.[96][98] Three strains (representing an H1N1, an H3N2, and a B strain) of flu are selected and chicken eggs inoculated separately, these monovalent harvests are then combined to make the trivalent vaccine.[99]

As of November 2007, both the conventional injection and the nasal spray are manufactured using chicken eggs.[97] The European Union has also approved Optaflu, a vaccine produced by Novartis[image: External link] using vats of animal cells.[97] This technique is expected to be more scalable and avoid problems with eggs, such as allergic reactions and incompatibility with strains that affect avians like chickens.[97] Research continues into the idea of a "universal" influenza vaccine[image: External link] that would not require tailoring to a particular strain, but would be effective against a broad variety of influenza viruses. However, no vaccine candidates had been announced by Nov 2007.[97]

A DNA-based vaccination, which is hoped to be even faster to manufacture, is as of 2011 in clinical trials, determining safety and efficacy.[100]

On November 20, 2012, Novartis received FDA approval for the first cell-culture vaccine.[101][102][103][104][105]

In a 2007 report, the global capacity of approximately 826 million seasonal influenza vaccine doses (inactivated and live) was double the production of 413 million doses. In an aggressive scenario of producing pandemic influenza vaccines by 2013, only 2.8 billion courses could be produced in a six-month time frame. If all high- and upper-middle-income countries sought vaccines for their entire populations in a pandemic, nearly 2 billion courses would be required. If China pursued this goal as well, more than 3 billion courses would be required to serve these populations.[106] Vaccine research and development is ongoing to identify novel vaccine approaches that could produce much greater quantities of vaccine at a price that is affordable to the global population.

Methods of vaccine generation that bypass the need for eggs include the construction of influenza virus-like particles[image: External link] (VLP). VLP resemble viruses, but there is no need for inactivation, as they do not include viral coding elements, but merely present antigens in a similar manner to a virion. Some methods of producing VLP include cultures of Spodoptera frugiperda[image: External link] Sf9 insect cells[image: External link] and plant-based vaccine production (e.g., production in Nicotiana benthamiana[image: External link]). There is evidence that some VLPs elicit antibodies that recognize a broader panel of antigenically distinct viral isolates compared to other vaccines in the hemagglutination-inhibition assay[image: External link] (HIA).[107]

Influenza vaccines are produced in pathogen-free eggs that are 11 to 12 days old.[108] The top of the egg is disinfected by wiping it with alcohol and then the egg is candled[image: External link] to identify a non-veinous area in the allantoic cavity where a small hole is poked to serve as a pressure release.[109] A second hole is made at the top of the egg, where the influenza virus is injected in the allantoic cavity, past the chorioallantoic membrane. The two holes are then sealed with melted paraffin and the inoculated eggs are incubated for 48 hours at 37 degrees Celsius.[108] During incubation time, the virus replicates and newly replicated viruses are released into the allantoic fluid [110]

After the 48 hour incubation period, the top of the egg is cracked and the 10 milliliters of allantoic fluid is removed, from which about 15 micrograms of the flu vaccine can be obtained. At this point, the viruses have been weakened or killed and the viral antigen is purified and placed inside vials, syringes, or nasal sprayers.[110] Done on a large scale, this method is used to produce the flu vaccine for the human population.
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 Annual reformulation




Further information: Historical annual reformulations of the influenza vaccine


See also: 2009 flu pandemic vaccine


Each year, three strains are chosen for selection in that year's flu vaccination by the WHO Global Influenza Surveillance Network[image: External link]. The chosen strains are the H1N1, H3N2, and Type-B strains thought most likely to cause significant human suffering in the coming season. Starting with the 2012–2013 Northern Hemisphere influenza season (coincident with the approval of quadrivalent influenza vaccines), the WHO has also recommended a 2nd B-strain for use in quadrivalent vaccines. The World Health Organization[image: External link] coordinates the contents of the vaccine each year to contain the most likely strains of the virus to attack the next year.


	"The WHO Global Influenza Surveillance Network[image: External link] was established in 1952. The network comprises four WHO Collaborating Centres (WHO CCs) and 112 institutions in 83 countries, which are recognized by WHO as WHO National Influenza Centres (NICs). These NICs collect specimens in their country, perform primary virus isolation and preliminary antigenic characterization. They ship newly isolated strains to WHO CCs for high level antigenic and genetic analysis, the result of which forms the basis for WHO[image: External link] recommendations on the composition of influenza vaccine for the Northern and Southern Hemisphere each year."[111]




The Global Influenza Surveillance Network[image: External link]'s selection of viruses for the vaccine manufacturing process is based on its best estimate of which strains will predominate the next year, amounting in the end to well-informed but fallible guesswork.[112]

Formal WHO recommendations were first issued in 1973. Beginning in 1999 there have been two recommendations per year: one for the northern hemisphere (N) and the other for the southern hemisphere (S).[113]

Historical annual reformulations of the influenza vaccine are listed in a separate article. Recent WHO seasonal influenza vaccine composition recommendations:
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 2016–2017 Northern Hemisphere influenza season




The composition of trivalent virus vaccines for use in the 2016–2017 Northern Hemisphere influenza season recommended by the World Health Organization on February 25, 2016 was:


	an A/California/7/2009 (H1N1)pdm09-like virus†

	an A/Hong Kong/4801/2014 (H3N2)-like virus

	a B/Brisbane/60/2008-like virus



The WHO recommends that quadrivalent vaccines containing two influenza B viruses contain the above three viruses and a B/Phuket/3073/2013-like virus.[114]
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 2016 Southern Hemisphere influenza season




The composition of virus vaccines for use in the 2016 Southern Hemisphere influenza season recommended by the World Health Organisation on September 24, 2015 was:


	an A/California/7/2009 (H1N1)pdm09-like virus†

	an A/Hong Kong/4801/2014 (H3N2)-like virus

	a B/Brisbane/60/2008-like virus



WHO recommended that quadrivalent vaccines containing two influenza B viruses should contain the above three viruses and a B/Phuket/3073/2013-like virus.[115]

†Strain A(H1N1)pdm09 is a newer name for the strain used in the 2009 flu pandemic vaccine.[116]
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 2017 Southern Hemisphere influenza season




The composition of virus vaccines for use in the 2017 Southern Hemisphere influenza season recommended by the World Health Organisation on September 29, 2016 was:


	an A/Michigan/45/2015 (H1N1)pdm09-like virus†

	an A/Hong Kong/4801/2014 (H3N2)-like virus

	a B/Brisbane/60/2008-like virus



WHO recommended that quadrivalent vaccines containing two influenza B viruses should contain the above three viruses and a B/Phuket/3073/2013-like virus.[117]

†Strain A(H1N1)pdm09 is a newer name for the strain used in the 2009 flu pandemic vaccine.[116]
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 History




See also: Timeline of vaccines[image: External link]


Vaccines are used in both humans and nonhumans. Human vaccine is meant unless specifically identified as a veterinary, poultry or livestock vaccine.
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 Origins and development




In the worldwide Spanish flu[image: External link] pandemic of 1918, "Physicians tried everything they knew, everything they had ever heard of, from the ancient art of bleeding patients, to administering oxygen, to developing new vaccines and sera (chiefly against what we now call Hemophilus influenzae—a name derived from the fact that it was originally considered the etiological agent—and several types of pneumococci). Only one therapeutic measure, transfusing blood from recovered patients to new victims, showed any hint of success."[118]

In 1931, viral growth in embryonated hens' eggs was reported by Ernest William Goodpasture[image: External link] and colleagues at Vanderbilt University[image: External link]. The work was extended to growth of influenza virus by several workers, including Thomas Francis[image: External link], Jonas Salk[image: External link], Wilson Smith and Macfarlane Burnet[image: External link], leading to the first experimental influenza vaccines.[119] In the 1940s, the US military developed the first approved inactivated vaccines for influenza, which were used in the Second World War.[120] Hen's eggs continued to be used to produce virus used in influenza vaccines, but manufacturers made improvements in the purity of the virus by developing improved processes to remove egg proteins and to reduce systemic reactivity of the vaccine.[121] Recently, the US FDA has approved influenza vaccines made by growing virus in cell cultures[image: External link][122] and influenza vaccines made from recombinant proteins[image: External link][123] have been approved, with plant-based[image: External link] influenza vaccines being tested in clinical trials.[124]
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 Acceptance




According to the CDC: "Influenza vaccination is the primary method for preventing influenza and its severe complications. [...] Vaccination is associated with reductions in influenza-related respiratory illness and physician visits among all age groups, hospitalization and death among persons at high risk, otitis media among children, and work absenteeism among adults. Although influenza vaccination levels increased substantially during the 1990s, further improvements in vaccine coverage levels are needed".[125]

The egg-based technology (still in use as of 2005) for producing influenza vaccine was created in the 1950s.[126] In the U.S. swine flu scare of 1976, President Gerald Ford[image: External link] was confronted with a potential swine flu pandemic. The vaccination[image: External link] program was rushed, yet plagued by delays and public relations problems. Meanwhile, maximum military containment efforts succeeded unexpectedly in confining the new strain to the single army base where it had originated. On that base a number of soldiers fell severely ill, but only one died. The program was canceled, after about 24% of the population had received vaccinations. An excess in deaths of twenty-five over normal annual levels as well as 400 excess hospitalizations, both from Guillain–Barré syndrome[image: External link], were estimated to have occurred from the vaccination program itself, illustrating that the vaccine itself is not free of risks. The result has been cited to stoke lingering doubts about vaccination.[127] In the end, however, even the maligned 1976 vaccine may have saved lives. A 2010 study found a significantly enhanced immune response against the 2009 pandemic H1N1 in study participants who had received vaccination against the swine flu in 1976.[128]
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 Society and culture
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 Evaluation of evidence




Tom Jefferson[image: External link], who has led Cochrane Collaboration[image: External link] reviews of flu vaccines, has called clinical evidence concerning flu vaccines "rubbish" and has therefore declared them to be ineffective; he has called for placebo-controlled randomized clinical trials. His views on clinical trials are considered unethical by mainstream medicine and his views on the efficacy of vaccines are rejected by medical institutions including the CDC and the National Institutes of Health[image: External link], and by key figures in the field like Anthony Fauci[image: External link].[129]

Michael Osterholm[image: External link] who has led the Center for Infectious Disease Research and Policy[image: External link] 2012 review on flu vaccines recommends getting the vaccine but criticizes its promotion  "We have overpromoted and overhyped this vaccine...it does not protect as promoted. It's all a sales job: it's all public relations".[130]
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 Cost-effectiveness




The cost-effectiveness of seasonal influenza vaccination has been widely evaluated for different groups and in different settings.[131] In the elderly (aged over 65 years) the majority of published studies have found that vaccination is cost saving, with the cost savings associated with influenza vaccination (e.g. prevented health care visits) outweighing the cost of vaccination.[132] In older adults (aged 50–64 years), several published studies have found that influenza vaccination is likely to be cost-effective, however the results of these studies were often found to be dependent on key assumptions used in the economic evaluations.[133] The uncertainty in influenza cost-effectiveness models can partially be explained by the complexities involved in estimating the disease burden,[134] as well as the seasonal variability in the circulating strains and the match of the vaccine.[135][136] In healthy working adults (aged 18–49 years), a 2012 review found that vaccination was generally not cost-saving, with the suitability for funding being dependent on the willingness to pay to obtain the associated health benefits.[137] In children, the majority of studies have found that influenza vaccination was cost-effective, however many of the studies included (indirect) productivity gains, which may not be given the same weight in all settings.[138] Several studies have attempted to predict the cost-effectiveness of interventions (including prepandemic vaccination) to help protect against a future pandemic, however estimating the cost-effectiveness has been complicated by uncertainty as to the severity of a potential future pandemic and the efficacy of measures against it.[139]
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 Research




Influenza research includes molecular virology[image: External link], molecular evolution[image: External link], pathogenesis[image: External link], host immune responses[image: External link], genomics[image: External link], and epidemiology. These help in developing influenza countermeasures such as vaccines[image: External link], therapies and diagnostic tools. Improved influenza countermeasures require basic research on how viruses enter cells, replicate, mutate, evolve into new strains and induce an immune response. The Influenza Genome Sequencing Project is creating a library of influenza sequences[140] that will help us understand what makes one strain more lethal than another, what genetic determinants most affect immunogenicity[image: External link], and how the virus evolves over time. Solutions to limitations in current[ when?[image: External link]] vaccine methods are being researched.

A different approach is where Internet content is used to estimate the impact of an influenza vaccination campaign. More specifically, researchers have used data from Twitter[image: External link] and Bing[image: External link], and proposed a statistical framework which, after a series of operations, maps this information to estimates of the percentage of influenza-like illness in areas, where vaccinations have been performed. Their impact estimates were in accordance with estimations from Public Health England[image: External link].[141]
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 Rapid response to pandemic flu




The rapid development, production, and distribution of pandemic influenza vaccines could potentially save millions of lives during an influenza pandemic. Due to the short time frame between identification of a pandemic strain and need for vaccination, researchers are looking at novel technologies for vaccine production that could provide better "real-time" access and be produced more affordably, thereby increasing access for people living in low- and moderate-income countries, where an influenza pandemic may likely originate, such as live attenuated (egg-based or cell-based[image: External link]) technology and recombinant technologies (proteins and virus-like particles).[142] As of July 2009, more than 70 known clinical trials have been completed or are ongoing for pandemic influenza vaccines.[143] In September 2009, the US Food and Drug Administration[image: External link] approved four vaccines against the 2009 H1N1 influenza virus (the 2009 pandemic strain), and expected the initial vaccine lots to be available within the following month.[144]
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 Quadrivalent vaccines for seasonal flu




A quadrivalent flu vaccine administered by nasal mist was approved by the U.S. Food and Drug Administration[image: External link] (FDA) in March 2012.[145][146] Fluarix Quadrivalent was approved by the FDA in December 2012.[147]
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 Universal flu vaccines




A "universal vaccine[image: External link]" that would not have to be designed and made for each flu season in each hemisphere would be useful, in order to stabilize the supply and to ensure against error in the design or escape of the circulating strains by mutation. Such a vaccine has been the subject of research for decades.[148]

One promising approach is using broadly neutralizing antibodies[image: External link] that unlike the vaccine used today, which provoke[image: External link] the body to generate an immune response, instead provide[image: External link] a component of the immune response itself. The first neutralizing antibodies were identified in 1993 via experimentation; with time researchers understood that the flu neutralizing antibodies[image: External link] were binding to the stalk of the Hemagglutinin protein[image: External link]; later researchers identified antibodies that could bind to the head of those proteins. Later yet, researchers identified the highly conserved M2 proton channel[image: External link] as a potential target for broadly neutralizing antibodies.[148][149]

The challenges for researchers have been identifying single antibodies that could neutralize many subtypes[image: External link] of the virus, so that they could be useful in any season, and that target conserved domains that are resistant to antigenic drift[image: External link].[148]

Another approach has been taking the conserved domains identified from these projects, and delivering groups of these antigens to provoke an immune response; various approaches with different antigens, presented different ways (as fusion proteins[image: External link], mounted on virus-like particles[image: External link], on non-pathogenic viruses, as DNA, and others), are under development.[149][150][151]

Efforts have also been undertaken to develop universal vaccines that specifically activate a T-cell[image: External link] response, based on clinical data showing that people with a strong, early T-cell response have better outcomes when infected with influenza and because T-cells respond to conserved epitopes. The challenge for developers is that these epitopes are on internal protein domains that are only mildly immunogenic.[149]

Along with the rest of the vaccine field, people working on universal vaccines have been experimenting with vaccine adjuvants[image: External link] to improve the ability of their vaccines to create a sufficiently powerful and enduring immune response.[149][152]
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 Veterinary use




See also: Influenza A virus and Influenza § Infection in other animals[image: External link]


"Vaccination in the veterinary world pursues four goals: (i) protection from clinical disease, (ii) protection from infection with virulent virus, (iii) protection from virus excretion, and (iv) serological differentiation of infected from vaccinated animals (so-called DIVA principle). In the field of influenza vaccination, neither commercially available nor experimentally tested vaccines have been shown so far to fulfill all of these requirements."[153]
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 Horses




Horses[image: External link] with horse flu[image: External link] can run a fever, have a dry hacking cough, have a runny nose, and become depressed and reluctant to eat or drink for several days but usually recover in two to three weeks. "Vaccination schedules generally require a primary course of two doses, 3–6 weeks apart, followed by boosters at 6–12 month intervals. It is generally recognized that in many cases such schedules may not maintain protective levels of antibody and more frequent administration is advised in high-risk situations."[154]

It is a common requirement at shows in the United Kingdom that horses be vaccinated against equine flu and a vaccination card must be produced; the International Federation for Equestrian Sports[image: External link] (FEI) requires vaccination every six months.[155][156]
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 Poultry




Poultry[image: External link] vaccines for bird flu are made inexpensively and are not filtered and purified like human vaccines to remove bits of bacteria or other viruses. They usually contain whole virus, not just hemagglutinin[image: External link] as in most human flu vaccines. Purification to standards needed for humans is far more expensive than the original creation of the unpurified vaccine from eggs. There is no market for veterinary vaccines that are that expensive. Another difference between human and poultry vaccines is that poultry vaccines are adjuvated[image: External link] with mineral oil, which induces a strong immune reaction but can cause inflammation and abscesses. "Chicken vaccinators who have accidentally jabbed themselves have developed painful swollen fingers or even lost thumbs, doctors said. Effectiveness may also be limited. Chicken vaccines are often only vaguely similar to circulating flu strains — some contain an H5N2[image: External link] strain isolated in Mexico years ago. 'With a chicken, if you use a vaccine that's only 85 percent related, you'll get protection,' Dr. Cardona said. 'In humans, you can get a single point mutation, and a vaccine that's 99.99 percent related won't protect you.' And they are weaker [than human vaccines]. 'Chickens are smaller and you only need to protect them for six weeks, because that's how long they live till you eat them,' said Dr. John J. Treanor, a vaccine expert at the University of Rochester. Human seasonal flu vaccines contain about 45 micrograms of antigen, while an experimental A( H5N1[image: External link]) vaccine contains 180. Chicken vaccines may contain less than one microgram. 'You have to be careful about extrapolating data from poultry to humans,' warned Dr. David E. Swayne, director of the agriculture department's Southeast Poultry Research Laboratory. 'Birds are more closely related to dinosaurs[image: External link].'"[157]

Researchers, led by Nicholas Savill of the University of Edinburgh in Scotland, used mathematical models to simulate the spread of H5N1[image: External link] and concluded that "at least 95 percent of birds need to be protected to prevent the virus spreading silently. In practice, it is difficult to protect more than 90 percent of a flock; protection levels achieved by a vaccine are usually much lower than this."[158] The Food and Agriculture Organization of the United Nations has issued recommendations on the prevention and control of avian influenza in poultry, including the use of vaccination.[159]

A filtered and purified Influenza A vaccine for humans is being developed[ when?[image: External link]] and many countries have recommended it be stockpiled so if an Avian influenza pandemic starts jumping to humans, the vaccine can quickly be administered to avoid loss of life. Avian influenza is sometimes called avian flu, and commonly bird flu.[160]
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 Pigs




Swine influenza vaccines are extensively used in pig farming[image: External link] in Europe and North America. Most swine flu vaccines include an H1N1 and an H3N2 strain.

Swine influenza has been recognized as a major problem since the outbreak in 1976. Evolution[image: External link] of the virus has resulted in inconsistent responses to traditional vaccines. Standard commercial swine flu vaccines are effective in controlling the problem when the virus strains match enough to have significant cross-protection. Customised (autogenous) vaccines made from the specific viruses isolated, are made and used in the more difficult cases.[161] The vaccine manufacturer Novartis[image: External link] claims that the H3N2 strain (first identified in 1998) has brought major losses to pig farmers. Abortion storms are a common sign and sows stop eating for a few days and run a high fever. The mortality rate can be as high as 15%.[162]
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 Dogs




In 2004, influenza A virus subtype H3N8 was discovered to cause canine influenza. Because of the lack of previous exposure to this virus, dogs have no natural immunity to this virus. However, a vaccine is now available.[163]
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2009 flu pandemic Vaccine






The 2009 flu pandemic vaccines are the set of influenza vaccines that have been developed to protect against the pandemic H1N1/09 virus. These vaccines either contain inactivated (killed) influenza virus, or weakened live virus that cannot cause influenza. The killed vaccine is injected, while the live vaccine is given as an interperineal nasal spray. Both these types of vaccine are usually produced by growing the virus in chicken eggs. Around three billion doses will be produced annually, with delivery from November 2009.[1][2][needs update[image: External link]]

In studies, the vaccine appears both effective and safe,[3][4][5][6][7][8][9][10] providing a strong protective immune response and having similar safety profile to the normal seasonal influenza vaccine.[11] However, about 30% of people already have some immunity to the virus, with the vaccine conferring greatest benefit on young people, since many older people are already immune through exposure to similar viruses in the past.[12] The vaccine also provides some cross-protection against the 1918 flu pandemic strain.[13]

Early results (pre-25 December 2009) from an observational cohort of 248,000 individuals in Scotland have shown the vaccine to be effective at preventing H1N1 influenza (95.0% effectiveness [95% confidence intervals (CI) 76.0–100.0]) and influenza related hospital admissions (64.7% [95%CI 12.0–85.8]).[14]

Developing, testing, and manufacturing sufficient quantities of a vaccine is a process that takes many months. According to Keiji Fukuda of the World Health Organization[image: External link] (WHO), "There's much greater vaccine capacity than there was a few years ago, but there is not enough vaccine capacity to instantly make vaccines for the entire world's population for influenza."[15] Nasal mist version of the vaccine started shipping on 1 October 2009.[16][needs update[image: External link]]



TOP



[image: TOC] TOC Next [image: Next chapter] 
 Types of vaccine




Two types of influenza vaccines are available:


	TIV (flu shot ( injection[image: External link]) of trivalent (three strains; usually A/H1N1, A/H3N2, and B) inactivated (killed) vaccine) or

	LAIV (nasal spray (mist) of live attenuated influenza vaccine.)



TIV works by putting into the bloodstream those parts of three strains of flu virus that the body uses to create antibodies; while LAIV works by inoculating the body with those same three strains, but in a modified form that cannot cause illness.

LAIV is not recommended for individuals under age 2 or over age 49,[17] but might be comparatively more effective among children over age two.[18]
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 Manufacturing methods




For the inactivated vaccines, the virus is grown by injecting it, along with some antibiotics[image: External link], into fertilized chicken eggs. About one to two eggs are needed to make each dose of vaccine.[19] The virus replicates within the allantois[image: External link] of the embryo, which is the equivalent of the placenta[image: External link] in mammals. The fluid in this structure is removed and the virus purified from this fluid by methods such as filtration[image: External link] or centrifugation[image: External link]. The purified viruses are then inactivated ("killed") with a small amount of a disinfectant. The inactivated virus is treated with detergent to break up the virus into particles, and the broken capsule segments and released proteins are concentrated by centrifugation. The final preparation is suspended in sterile phosphate buffered saline[image: External link] ready for injection.[20] This vaccine mainly contains the killed virus but might also contain tiny amounts of egg protein and the antibiotics, disinfectant and detergent used in the manufacturing process. In multi-dose versions of the vaccine, the preservative thimerosal[image: External link] is added to prevent growth of bacteria. In some versions of the vaccine used in Europe and Canada, such as Arepanrix and Fluad, an adjuvant[image: External link] is also added, this contains a fish oil called squalene[image: External link], vitamin E[image: External link] and an emulsifier[image: External link] called polysorbate 80[image: External link].[21]

For the live vaccine, the virus is first adapted to grow at 25 °C (77 °F) and then grown at this temperature until it loses the ability to cause illness in humans, which would require the virus to grow at our normal body temperature of 37 °C (99 °F). Multiple mutations are needed for the virus to grow at cold temperatures, so this process is effectively irreversible and once the virus has lost virulence[image: External link] (become "attenuated"), it will not regain the ability to infect people.[22] To make the vaccine, the attenuated virus is grown in chicken eggs as before. The virus-containing fluid is harvested and the virus purified by filtration; this step also removes any contaminating bacteria. The filtered preparation is then diluted into a solution that stabilizes the virus. This solution contains monosodium glutamate[image: External link], potassium phosphate[image: External link], gelatin[image: External link], the antibiotic gentamicin[image: External link], and sugar.[23]

A new method of producing influenza virus is used to produce the Novartis[image: External link] vaccine Optaflu. In this vaccine the virus is grown in cell culture[image: External link] instead of in eggs.[24] This method is faster than the classic egg-based system and produces a purer final product. Importantly, there are no traces of egg proteins in the final product, so the vaccine is safe for people with egg allergies.[25][26]
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 Previous seasonal vaccine production




The WHO recommended before the H1N1/09 outbreak[27] that vaccines for the Northern Hemisphere's 2009–2010 flu season contain an A(H1N1)-like virus, and stocks have been made.[28][29] However, the strain of H1N1 in the seasonal flu[image: External link] vaccine is different from the new pandemic strain H1N1/09 and offers no immunity against it.[30] The US Centers for Disease Control and Prevention (CDC) characterized over 80 new H1N1 viruses that may be used in a vaccine.[31]
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 Production questions and decisions
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 Questions




There was concern in mid-2009 that, should a second, deadlier wave of this new H1N1 strain appear during the northern autumn of 2009, producing pandemic vaccines ahead of time could turn out to be a serious waste of resources as the vaccine might not be effective against it, and there would also be a shortage of seasonal flu vaccine available if production facilities were switched to the new vaccine.[15] Seasonal flu vaccine was being made as of May 2009, according to WebMD[image: External link]. The news site added that although vaccine makers would be ready to switch to making a swine flu vaccine, many questions remained unanswered, including: "Should we really make a swine flu vaccine? Should we base a vaccine on the current virus, since flu viruses change rapidly? Vaccine against the current virus might be far less effective against a changed virus – should we wait to see if the virus changes? If vaccine production doesn't start soon, swine flu vaccine won't be ready when it's needed."[32]

The costs of producing a vaccine also became an issue, with some U.S. lawmakers questioning whether a new vaccine was worth the unknown benefits. Representatives Phil Gingrey[image: External link] and Paul Broun[image: External link], for instance, were not convinced that the U.S. should spend up to US$2 billion to produce one, with Gingrey stating "We can't let all of our spending and our reaction be media-driven in responding to a panic so that we don't get Katrina-ed. ... It's important because what we are talking about as we discuss the appropriateness of spending $2 billion to produce a vaccine that may never be used – that is a very important decision that our country has to make."[33] In fact, a Fairleigh Dickinson University[image: External link] PublicMind poll found in October 2009 that a majority (62%) of New Jerseyans were not planning on getting the vaccine at all.[34]

Before the pandemic was declared, the WHO said that if a pandemic was declared it would attempt to make sure that a substantial amount of vaccine was available for the benefit of developing countries. Vaccine makers and countries with standing orders, such as the U.S. and a number of European countries, would be asked, according to WHO officials, "to share with developing countries from the moment the first batches are ready if an H1N1 vaccine is made" for a pandemic strain.[35] The global body stated that it wanted companies to donate at least 10% of their production or offer reduced prices for poor countries that could otherwise be left without vaccines if there is a sudden surge in demand.[36]

Gennady Onishchenko[image: External link], Russia's chief doctor, said on 2 June 2009 that swine flu was not aggressive enough to cause a worldwide pandemic, noting that the current mortality rate of confirmed cases was 1.6% in Mexico and only 0.1% in the United States. He stated at a press conference, "So far it is unclear if we need to use vaccines against the flu because the virus that is now circulating throughout Europe and North America does not have a pandemic nature." In his opinion, a vaccine could be produced, but said that preparing a vaccine now would be considered "practice," since the world would soon need a new vaccine against a new virus. "What's 16,000 sick people? During any flu season, some 10,000 a day become ill in Moscow alone," he said.[37]
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 Production timelines




After a meeting with the WHO on 14 May 2009, pharmaceutical companies said they were ready to begin making a swine flu vaccine. According to news reports, the WHO's experts will present recommendations to WHO Director-General Margaret Chan, who was expected to issue advice to vaccine manufacturers and the Sixty-second World Health Assembly.[38][39][40] WHO's Keiji Fukuda[image: External link] told reporters "These are enormously complicated questions, and they are not something that anyone can make in a single meeting." Most flu vaccine companies can not make both seasonal flu vaccine and pandemic flu vaccine at the same time. Production takes months and it is impossible to switch halfway through if health officials make a mistake. If the swine flu mutates, scientists aren't sure how effective a vaccine made now from the current strain will remain.[40] Rather than wait on the WHO decision, however, some countries in Europe have decided to go ahead with early vaccine orders.[41]

On 20 May 2009, AP reported: "Manufacturers won't be able to start making the [swine flu] vaccine until mid-July at the earliest, weeks later than previous predictions, according to an expert panel convened by WHO. It will then take months to produce the vaccine in large quantities. The swine flu virus is not growing very fast in laboratories, making it difficult for scientists to get the key ingredient they need for a vaccine, the 'seed stock' from the virus [...] In any case, mass producing a pandemic vaccine would be a gamble, as it would take away manufacturing capacity for the seasonal flu vaccine for the flu that kills up to 500,000 people each year. Some experts have wondered whether the world really needs a vaccine for an illness that so far appears mild."[42]

Another option proposed by the CDC was an "earlier rollout of seasonal vaccine," according to the CDC's Daniel Jernigan. He said the CDC would work with vaccine manufacturers and experts to see if that would be possible and desirable. Flu vaccination usually starts in September in the United States and peaks in November. Some vaccine experts agree it would be better to launch a second round of vaccinations against the new H1N1 strain instead of trying to add it to the seasonal flu vaccine or replacing one of its three components with the new H1N1 virus.[43]

The Australian company CSL[image: External link] said that they were developing a vaccine for the swine flu and predicted that a suitable vaccine would be ready by August.[44] However, John Sterling, Editor in Chief of Genetic Engineering & Biotechnology News, said on 2 June, "It can take five or six months to come up with an entirely novel influenza vaccine. There is a great deal of hope that biotech and pharma companies might be able to have something ready sooner."[45]

As of September 2009 a vaccine for H1N1/09 was expected to be available starting in November 2009, with production of three billion doses per year.[1][2] It was expected that two doses would be needed to provide sufficient protection, but tests indicated that one dose would be sufficient for adults.[46]

As of 28 September 2009 GlaxoSmithKline[image: External link] produced a vaccine made by growing the virus in hens' eggs, then breaking and deactivating the virus,[47][48] and Baxter International[image: External link] produced a vaccine made in cell culture, suitable for those who have an egg allergy. The vaccines have been approved for use in the European Union[image: External link].[49][50][51][52][53][54][55]
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 Testing




Initial Phase I human testing began with Novartis[image: External link]' MF59[image: External link] candidate in July 2009,[56] at which time phase II trials of CSL's candidate CSL425 vaccine were planned to start in August 2009, but had not begun recruiting.[57] Sanofi Pasteur[image: External link]'s candidate inactivated H1N1 had several phase II trials planned as of 21 July 2009, but had not begun recruiting.[58] News coverage conflicted with this information, as Australian trials of the CSL candidate were announced as having started on 21 July,[59] and the Chinese government announced the start of trials of the Hualan Biological Engineering candidate.[60]

Pandemrix, made by GlaxoSmithKline[image: External link] (GSK), and Focetria, made by Novartis[image: External link] were approved by the European Medicines Agency[image: External link] on 25 September 2009,[49][50][51] and Celvapan, made by Baxter was approved the following week.[52][53][61] The first comparative clinical study of both vaccines started on children in the United Kingdom on 25 September 2009.[citation needed[image: External link]] GSK announced results from clinical trials assessing the use of Pandemrix in children, adults, and the elderly.[62][63][64][65] A 2009 trial examined the safety and efficacy of two different doses of the split-virus vaccine, and was published in The New England Journal of Medicine[image: External link].[66] The vaccine used in the trail was prepared by CSL Biotherapies in chicken eggs, in the same way as the seasonal vaccine. A robust immune response was produced in over 90% of patients after a single dose of either 15 or 30 μg of antigen. This study suggested that the current recommendation for two doses of vaccine are overkill and that a single dose is quite sufficient.

Arepanrix, an AS03[image: External link]- Adjuvanted[image: External link] H1N1 Pandemic Influenza Vaccine similar to Pandemrix and also made by GSK, was authorized by Canada's Minister of Health on 21 October 2009.[67][68][69]
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 Adverse events




A review by the U.S. National Institutes of Health[image: External link] (NIH) concluded that the 2009 H1N1 ("swine flu") vaccine has a safety profile similar to that of seasonal vaccine.[11]

In an initial clinical trial in Australia, non-serious adverse events were reported by about half of the 240 people vaccinated, with these events including tenderness and pain at the site of injection, headache, malaise, and muscle pain.[66] Two people had more severe events, with a much longer spell of nausea, muscle pain and malaise that lasted several days. The authors stated that the frequency and severity of these adverse events were similar to those normally seen with seasonal influenza vaccines.[66] A second trial involved 2,200 people ranging from 3 to 77 years of age.[70] In this study no patients reported serious adverse events, with the most commonly observed events being pain at the injection site and fever, which occurred in 10–25% of people.[70] Although this trial followed up patients individually, the Government has been criticized for relying on voluntary reporting for post-vaccination evaluation in other circumstances, since this is "unlikely to accurately measure the percentage of people who get adverse effect".[12]

As of 19 November 2009, the World Health Organization (WHO) said that 65 million doses of vaccine had been administered and that it had a similar safety profile to the seasonal flu vaccine, with no significant differences in the adverse events produced by the different types of vaccine.[71] There has been one report of an adverse event per 10,000 doses of vaccine, with only five percent of these adverse events being serious, an overall rate of serious events of one in 200,000 doses.[71]

In Canada, after 6.6 million doses of vaccine had been distributed between 21 October and 7 November, there were reports of mild adverse events in 598 people vaccinated including: nausea, dizziness, headache, fever, vomiting, and swelling or soreness at the injection site. There were reports of tingling lips or tongue, difficulty breathing, hives, and skin rashes. Thirty six people had serious adverse events, including anaphylaxis[image: External link] and febrile convulsions. The rate of serious adverse events is one in 200,000 doses distributed, which according to Canada's chief public health officer, is less than expected for the seasonal flu vaccine. GlaxoSmithKline recalled a batch of vaccine in Canada after it appeared to cause higher rates of adverse events than other batches.[72]

In the USA 46 million doses had been distributed as of 20 November 2009 and 3182 adverse events were reported. The CDC stated that the "vast majority" were mild, with about one serious adverse event in 260,000 doses.[73]

In Japan around 15 million people had been vaccinated by 31 December 2009. 1,900 cases of side effects and 104 cases of death were reported from medical institutions. The health ministry announced that it will conduct epidemiologic investigation.[74]

In France, around five million people had been vaccinated by 30 December 2009. 2,657 cases of side effects, eight cases of intrauterine death and five cases of miscarriages were reported after vaccination by afssaps[image: External link].[75]

Rare potential adverse events are temporary bleeding disorders and Guillain–Barré syndrome[image: External link] (GBS), a serious condition involving the peripheral nervous system[image: External link], from which most patients recovery fully within a few months to a year. Some studies have indicated that influenza-like illness is itself associated with an increased risk of GBS, suggesting that vaccination might indirectly protect against the disorder by protecting against flu.[61] According to Marie-Paule Kieny of WHO assessing the side-effects of large-scale influenza vaccination is complicated by the fact that in any large population a few people will become ill and die at any time.[71] For example, in any six-week period in the UK six sudden deaths from unknown causes and 22 cases of Guillain–Barré syndrome would be expected, so if everyone in the UK were vaccinated, this background rate of illness and death would continue as normal and some people would die simply by chance soon after the vaccination.[76]

Some scientists have reported concerns about the longer-term effects of the vaccine. For instance, Sucharit Bhakdi, professor of medical microbiology at the Johannes Gutenberg University of Mainz in Germany, wrote in the journal, Medical Microbiology and Immunology, of the possibility that immune stimulation by vaccines or any other cause might worsen pre-existing heart disease.[77][78] Chris Shaw, a neuroscientist at the University of British Columbia, expressed concern that serious side-effects may not appear immediately; he said it took five to ten years to see most of the Gulf War syndrome[image: External link] outcomes.[77]

The CDC states that most studies on modern influenza vaccines have seen no link with GBS,[79][79][80][81] Although one review gives an incidence of about one case per million vaccinations,[79][82] a large study in China, reported in The New England Journal of Medicine[image: External link] covering close to 100 million doses of H1N1 flu vaccine found only eleven cases of Guillain–Barré syndrome[image: External link],[10] actually lower than the normal rate of the disease in China,[10] and no other notable side effects.[10]
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 Pregnant women and children




A 2009 review of the use of influenza vaccines in pregnant women stated that influenza infections posed a major risk during pregnancy and that multiple studies had shown that the inactivated vaccine was safe in pregnant women, concluding that this vaccine "can be safely and effectively administered during any trimester of pregnancy" and that high levels of immunization would avert "a significant number of deaths".[83] A 2004 review of the safety of influenza vaccines in children stated that the live vaccine had been shown to be safe but that it might trigger wheezing in some children with asthma; less data for the trivalent inactivated vaccine was available, but no serious symptoms had been seen in clinical trials.[84]
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Newsweek states that "wild rumours" about the swine flu vaccine are being spread through e-mails, it writes that "The claims are nearly pure bunk, with only trace amounts of fact."[85] These rumours generally make unfounded claims that the vaccine is dangerous and they may also promote conspiracy theories[image: External link].[85] For example, Newsweek states that some chain e-mails make false claims about squalene[image: External link] (shark liver oil) in vaccines. The New York Times also notes that anti-vaccine groups have spread "dire warnings" about formulations of the vaccine that contain squalene as an adjuvant[image: External link].[86] An adjuvant is a substance that boosts the body's immune response, thereby stretching the supply of the vaccine and helping immunize elderly people with a weak immune system.[72][87] Squalene is a normal part of the human body, made in the liver and circulating in the blood,[88] and is also found in many foods, such as eggs[image: External link] and olive oil[image: External link].[89][90] None of the formulations of vaccine used in the US contain squalene, or any other adjuvant.[89] However, some European and Canadian formulations do contain 25 μg of squalene per dose, which is roughly the amount found in a drop of olive oil.[21][91] Some animal experiments have suggested that squalene might be linked to autoimmune disorders.[77][92] although others suggest squalene might protect people against cancer.[93][94]

Squalene-based adjuvants have been used in European influenza vaccines since 1997, with about 22 million doses administered over the past twelve years.[95] The WHO states that no severe side effects have been associated with these vaccines, although they can produce mild inflammation at the site of injection.[95] The safety of squalene-containing influenza vaccines have also been tested in two separate clinical trials, one with healthy non-elderly people,[96] and one with elderly people,[87] in both trials the vaccine was safe and well tolerated, with only weak side-effects, such as mild pain at the injection site. A 2009 meta-analysis[image: External link] brought together data from 64 clinical trials of influenza vaccines with the squalene-containing adjuvant MF59 and compared them to the effects of vaccines with no adjuvant. The analysis reported that the adjuvanted vaccines were associated with slightly lower risks of chronic diseases, but that neither type of vaccines altered the normal rate of autoimmune diseases; the authors concluded that their data "supports the good safety profile associated with MF59-adjuvanted influenza vaccines and suggests there may be a clinical benefit over non-MF59-containing vaccines".[97] A 2004 review of the effects of adjuvants on mice and humans concluded that "despite numerous case reports on vaccination induced autoimmunity, most epidemiological studies failed to confirm the association and the risk appears to be extremely low or non-existent", although the authors noted that the possibility that adjuvants might cause damaging immune reactions in a few susceptible people has not been completely ruled out.[98] A 2009 review of oil-based adjuvants in influenza vaccines stated that this type of adjuvant "neither stimulates antibodies against squalene oil naturally produced by the humans body nor enhances titers of preexisting antibodies to squalene" and that these formulations did not raise any safety concerns.[99]

A paper published in 2000 suggested that squalene might have caused of Gulf War syndrome[image: External link] by producing anti-squalene antibodies,[77][100] although other scientists stated that it was uncertain if the methods used were actually capable of detecting these antibodies.[101] A 2009 U.S. Department of Defense study comparing healthy Navy personnel to those suffering from Gulf War syndrome was published in the journal Vaccine, this used a validated test for these antibodies and found no link between the presence of the antibodies and illness, with about half of both groups having these antibodies and no correlation between symptoms and antibodies.[102] Furthermore, none of the vaccines given to US troops during the Gulf war actually contained any squalene adjuvants.[88][103]
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 Thiomersal




Multi-dose versions of the vaccine contain the preservative thiomersal[image: External link] (also known as thimerosal), a mercury[image: External link] compound that prevents contamination when the vial is used repeatedly.[104] Single-dose versions and the live vaccine do not contain this preservative.[104] In the U.S., one dose from a multi-dose vial contains approximately 25 micrograms of mercury, a bit less than a typical tuna fish sandwich[image: External link].[105][106] In Canada, different variants contain five and 50 micrograms of thimerosal per dose.[107] The use of thiomersal has been controversial[image: External link], with claims that it can cause autism[image: External link] and other developmental disorders[image: External link].[108] The U.S. Institute of Medicine[image: External link] examined these claims and concluded in 2004 that the evidence did not support any link between vaccines and autism.[109] Other reviews came to similar conclusions, with a 2006 review in the Canadian Journal of Neurological Sciences[image: External link] stating that there is no convincing evidence to support the claim that thimerosal has a causal role in autism,[110] and a 2009 review in the journal Clinical Infectious Diseases stating that claims that mercury can cause autism are "biologically implausible".[111] The U.K. National Health Service[image: External link] stated in 2003 that "There is no evidence of long-term adverse effects due to the exposure levels of thiomersal in vaccines."[112] The World Health Organization[image: External link] concluded that there is "no evidence of toxicity in infants, children or adults exposed to thiomersal in vaccines".[113] Indeed, in 2008 a review noted that even though thiomersal was removed from all US childhood vaccines in 2001, this has not changed the number of autism diagnoses, which are still increasing.[114]
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 Dystonia




According to the CDC, there is no evidence either for or against dystonia[image: External link] being caused by the vaccinations. Dystonia is extremely rare. Due to the very low numbers of cases, dystonia is poorly understood.[115] There were only five cases noted that might have been associated with influenza vaccinations over a span of eighteen years.[115] In one recent case, a woman noted flu-like symptoms, followed by difficulties with movement and speech starting ten days after a seasonal influenza vaccination.[116] However the Dystonia Medical Research Foundation stated that it is unlikely that the symptoms in this case were actually dystonia and stated that there has "never been a validated case of dystonia resulting from a flu shot".[117]
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 Children vaccine recall




On 15 December 2009, One of the five manufacturers supplying the H1N1 vaccine to the United States recalled thousands of doses because they were not as potent as expected. The French manufacturer Sanofi Pasteur[image: External link] voluntarily recalled about 800,000 doses of vaccine meant for children between the ages of six months and 35 months. The company and the Centers for Disease Control and Prevention (CDC) emphasized that the recall was not prompted by safety concerns, and that even though the vaccine is not quite as potent as it is supposed to be, children who received it do not need to be immunized again. The CDC emphasized that there is no danger for any child who received the recalled vaccine. When asked what parents should do, CDC spokesman Tom Skinner said, "absolutely nothing." He said if children receive this vaccine, they will be fine.[118][119]
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 Pandemrix-related increase of narcolepsy in Finland and Sweden




Main article: Pandemrix


In 2010, The Swedish Medical Products Agency (MPA)[image: External link] and The Finnish National Institute for Health and Welfare (THL)[image: External link] received reports from Swedish and Finnish health care professionals regarding narcolepsy[image: External link] as suspected adverse reaction following Pandemrix flu vaccination. The reports concern children aged 12–16 years where symptoms compatible with narcolepsy[image: External link], diagnosed after thorough medical investigation, have occurred one to two months after vaccination.

THL concluded in February 2011 that there is a clear connection between the Pandemrix vaccination campaign of 2009 and 2010 and narcolepsy epidemic in Finland: there was a nine times higher probability to get narcolepsy with vaccination than without it.[120][121]

At the end of March 2011, an MPA press release stated: "Results from a Swedish registry based cohort study indicate a 4-fold increased risk of narcolepsy in children and adolescents below the age of 20 vaccinated with Pandemrix, compared to children of the same age that were not vaccinated."[122] The same study found no increased risk in adults who were vaccinated with Pandemrix.
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 Availability
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 Centers for Disease Control and Prevention




The American Centers for Disease Control and Prevention issued the following recommendations on who should be vaccinated (order is not in priority):[123][124][125][126]



	Pregnant women, because they are at higher risk of complications and can potentially provide protection to infants who cannot be vaccinated;

	Household contacts and caregivers for children younger than 6 months of age, because younger infants are at higher risk of influenza-related complications and cannot be vaccinated. Vaccination of those in close contact with infants younger than 6 months old might help protect infants by "cocooning" them from the virus;

	Healthcare and emergency medical services personnel, because infections among healthcare workers have been reported and this can be a potential source of infection for vulnerable patients. Also, increased absenteeism in this population could reduce healthcare system capacity;

	All people from 6 months through 24 years of age:

	Children from 6 months through 18 years of age, because cases of 2009 H1N1 influenza have been seen in children who are in close contact with each other in school and day care settings, which increases the likelihood of disease spread, and

	Young adults 19 through 24 years of age, because many cases of 2009 H1N1 influenza have been seen in these healthy young adults and they often live, work, and study in close proximity, and they are a frequently mobile population; and,





	Persons aged 25 through 64 years who have health conditions associated with higher risk of medical complications from influenza.

	Once the demand for these groups has been met at a local level, everyone from the ages of 25 through 64 years should be vaccinated too.





In addition, the CDC recommends


Children through 9 years of age should get two doses of vaccine, about a month apart. Older children and adults need only one dose.[127][128]
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 National Health Service




The UK[image: External link]'s National Health Service[image: External link] policy is to provide vaccine in this order of priority:[129]



	People aged between six months and 65 years with:

	chronic lung disease;

	chronic heart disease;

	chronic kidney disease;

	chronic liver disease;

	chronic neurological disease;

	diabetes; or

	suppressed immune system, whether due to disease or treatment.





	All pregnant women.

	People who live with someone whose immune system is compromised (for example, people with cancer or HIV/AIDS).

	People aged 65 and over in the seasonal flu vaccine at-risk groups.





This excludes the large majority of individuals aged six months to 24 years, a group for which the CDC recommends vaccination.

The NHS notes that:


	Healthy people over 65 years of age seem to have some natural immunity.

	Children, while disproportionately affected, tend to make full recoveries.

	The vaccine is ineffective in young infants.



The United Kingdom began its administration program 21 October 2009. UK Soldiers serving in Afghanistan will also be offered vaccination.[130][131]
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By April 2010, it was apparent that most of the vaccine was not needed. The US government had bought 229 million doses of H1N1 vaccines of which 91 million doses were used; of the surplus, some of it was stored in bulk, some of it was sent to developing countries and 71 million doses will be destroyed.[132] The World Health Organization[image: External link] is planning to examine if it overreacted to the H1N1 outbreak.[132]
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 Political issues




General political issues, not restricted to the 2009 outbreak, arose regarding the distribution of vaccine. In many countries supplies are controlled by national or local governments, and the question of how the vaccine will be allocated should there be an insufficient supply for everyone is critical, and will likely depend on the patterns of any pandemic, and the age groups most at risk for serious complications, including death. In the case of a lethal pandemic people will be demanding access to the vaccine and the major problem will be making it available to those who need it.[133]

While it has been suggested that compulsory vaccination[image: External link] may be needed to control a pandemic, many countries do not have a legal framework that would allow this. The only populations easily compelled to accept vaccination are military personnel (who can be given routine vaccinations as part of their service obligations), health care personnel (who can be required to be vaccinated to protect patients),[citation needed[image: External link]] and school children, who (under United States constitutional law) could be required to be vaccinated as a condition of attending school.[134]
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Pandemrix is an influenza vaccine for influenza pandemics, such as the H1N1 2009 flu pandemic colloquially called the swine flu. The vaccine was developed by GlaxoSmithKline[image: External link][1] and patented in September 2006.[2]

The vaccine is one of the H1N1 vaccines approved for use by the European Commission[image: External link] in September 2009 upon the recommendations of the European Medicines Agency[image: External link] (EMEA).[3] The vaccine is only approved for use when an H1N1 influenza pandemic has been officially declared by the World Health Organization[image: External link] (WHO) or European Union[image: External link] (EU).[3] This vaccine was initially developed as a pandemic mock-up vaccine using an H5N1 strain.[4]

In August 2010, The Swedish Medical Products Agency (MPA)[image: External link] and The Finnish National Institute for Health and Welfare (THL)[image: External link] launched investigations regarding the development of narcolepsy[image: External link] as a possible side effect to Pandemrix flu vaccination in children,[5] and found a minimum 6.6 fold increased risk among children and youths, resulting in a minimum of 3.6 additional cases of narcolepsy per 100,000 vaccinated subjects.[6]
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As well as the active antigen derived from A/California/7/2009 (H1N1), the vaccine contains an immunologic adjuvant[image: External link] AS03[image: External link] which consists of DL- α-tocopherol[image: External link] (vitamin E), squalene[image: External link] and polysorbate 80[image: External link].

Thiomersal[image: External link] (thimerosal) is added as a preservative. Being manufactured in chicken eggs, it contains trace amounts of egg proteins. Additional important non-medicinal ingredients are formaldehyde[image: External link], sodium deoxycholate[image: External link], and sucrose[image: External link].[7]
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 Use of adjuvant




While other 2009 H1N1 vaccines have been developed, the use of a proprietary immunologic adjuvant[image: External link] is claimed to boost the potency of the body’s immune response, meaning that only a quarter of the inactivated virus is needed. [7]

Professor David Salisbury, Head of Immunisation[image: External link] at the UK Department of Health[image: External link] said the vaccines with adjuvants offer good protection even if the virus changes over time; "One of the advantages with adjuvanted vaccines is their ability to protect against drifted (mutated) strains. It opens the door for a whole new strategy in dealing with flu."[8]
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 Dosage




The vaccine is supplied in separate vials, one containing the adjuvant[image: External link], and the other the inactivated virus,[9] which require mixing before intramuscular injection[image: External link]. Originally it was thought that two doses given 21 days apart would be required for full efficacy.[citation needed[image: External link]] Subsequent testing has allowed the UK programme to consist of just a single dose for most people, with a two-dose schedule for children under the age of 10 years and immunocompromised adults.[10]
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 Availability




As of 3 December 2009, 11.2 million doses of Pandemrix had been delivered to health services in the UK, where the vaccine forms the bulk of the government's mass vaccination programme.[8]
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The EMEA reported results from some clinical trials in the CHMP Assessment Report. These relate to vaccination against H5N1[image: External link] (Bird Flu) and not H1N1 (Swine Flu)[11]


	H5N1-007 was initiated at a single site in Belgium (Ghent) in March 2006.

	H5N1-008 was initiated at 41 sites in seven countries (6 EU MS plus Russia) in May 2006.

	H5N1-002 was initiated on 24 March 2007 in four SE Asian countries.



GlaxoSmithKline reported results from the second clinical trial,[12] from the pediatric clinical trial,[13] and the response from the elderly population.[14]
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 Side effects




GlaxoSmithKline[image: External link] state in their Patient Information Leaflet[15] that the following may occur.


	Very common (affects more than 1 in 10 people):

	Headache

	Tiredness

	Pain, redness, swelling or a hard lump at the injection site

	Fever

	
Aching muscles[image: External link], joint pain[image: External link]






	Common (affects at least 1 in 100):

	Warmth, itching or bruising at the injection site

	Increased sweating, shivering, flu-like symptoms

	Swollen glands in the neck, armpit or groin





	Uncommon (affects at least 1 in 1,000):

	Tingling or numbness of the hands or feet

	General constitutional upset of sleepiness or sleeplessness, generally feeling unwell, dizziness.

	Diarrhea, vomiting, stomach pain, feeling sick

	Skin reactions of itching, rash or urticaria[image: External link] (hives)





	Rare (affects at least 1 in 10,000):

	Serious generalised allergic reactions of anaphylaxis[image: External link]


	Fits[image: External link]

	Severe stabbing or throbbing pain along one or more nerves

	
Low blood platelet count[image: External link] which can result in bleeding or bruising





	Very Rare (affects less than 1 in 10,000 people):

	Vasculitis[image: External link]

	Neurological disorders such as encephalomyelitis[image: External link], neuritis[image: External link] or Guillain–Barré syndrome[image: External link] temporary paralysis
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 Media coverage




The vaccine has received coverage in the business sections of the mainstream UK and International press, including by The Press Association,[16] The British Medical Journal,[17] The Wall Street Journal,[18] and also the Daily Telegraph.[19]
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 Narcolepsy investigations in the European Union




In the summer of 2010 the Swedish Medical Products Agency (MPA)[image: External link] and the Finnish National Institute for Health and Welfare (THL)[image: External link] received reports from Swedish and Finnish healthcare professionals that narcolepsy[image: External link] was a suspected adverse drug reaction to the Pandemrix flu vaccination. These reports concern children, aged 12–16 years, whose symptoms occurred one to two months after vaccination. Following thorough medical investigation these symptoms have been confirmed as being compatible with narcolepsy[image: External link]. Consumer reports, describing similar symptoms, have also been received. Both organizations, in consultation with external experts, have begun to assess the possible relationship between the vaccination and the reported reactions. MPA and THL have been in contact with other EU member states to enquire whether there have been any similar reports in other countries.

Currently, THL is recommending that further Pandemrix vaccinations be discontinued pending further investigation into 15 cases of recently vaccinated children who developed narcolepsy in late 2009 and early 2010.[20] Recently, THL raised this figure to 17; the expected average annual occurrence is six cases. In Sweden, MPA has discovered 12 confirmed cases and another 12 suspected ones. Additionally, MPA says it is aware of individual case reports from France, Norway and Germany.[21]

On August 27, 2010, the European Medicines Agency[image: External link] announced that the agency's Committee for Medicinal Products for Human Use[image: External link] would be launching a review of Pandemrix in light of the "limited number of cases"[22] reported in Finland and Sweden, so as to "determine whether there is evidence for a causal association".[23]

In August 2010 the Swedish MPA issued a statement which included the following: "An investigation is ongoing, but any relationship between the vaccination and the reported symptoms can not be concluded." [24]

In February 2011 THL concluded that there is a clear connection between the Pandemrix vaccination campaign of 2009 and 2010 and the narcolepsy epidemic in Finland. The probability of developing narcolepsy was determined to be nine times higher in those who received the Pandemrix vaccination than those who didn't. A total of 152 cases of narcolepsy have been found in Finland during 2009–2010, and 90% of these children had received the Pandemrix vaccination. Authorities believe that the number of cases may still increase.[25][26][27]

At the end of March 2011, an MPA press release stated: "Results from a Swedish registry based cohort study indicate a 4-fold increased risk of narcolepsy in children and adolescents below the age of 20 vaccinated with Pandemrix, compared to children of the same age that were not vaccinated." [28] The same study found no increased risk in adults who were vaccinated with Pandemrix. While cautioning that the increase in risk for children is still uncertain in magnitude, it recommends they not be vaccinated.

A new study by the Stanford University School of Medicine[image: External link] examined the incidence of narcolepsy in relation to upper airway infection and a H1N1 vaccine (not Pandemrix) in Chinese patients. Their principal conclusion was that an increased incidence of narcolepsy was seen following a wave of upper airway infections (such as H1N1 influenza). They found no correlation between vaccination and narcolepsy. According to the authors "The new finding of an association with infection, and not vaccination, is important as it suggests that limiting vaccination because of a fear of narcolepsy could actually increase overall risk."[29] Since narcolepsy is now believed to be an autoimmune disease[image: External link] [30] the authors suspect that these upper airway infections trigger an immune response which leads ultimately to narcolepsy in susceptible individuals. Pandemrix contains two adjuvants[image: External link] designed to provoke a stronger immune response. These were not in the vaccine used in China.

In 2013, the New Scientist[image: External link] reported that "part of a surface protein on the pandemic virus looks very similar to part of a brain protein that helps keep people awake".[31] However, the original scientific article claiming that HA protein[image: External link] in both the virus and the vaccine could, in some people, trigger an immune reaction against hypocretin[image: External link], was recently retracted because the data could not be reproduced.[32] However, further investigations indicated that "antibodies to influenza nucleoprotein cross-react with human hypocretin receptor 2".[33]

In 2014, a Finnish group published results that showed Pandemrix contained a higher amounts of structurally altered viral nucleoproteins than Arepanrix, a similar vaccine not associated with narcolepsy.[34]

In 2015 it was reported that the British Department of Health[image: External link] was paying for Sodium oxybate[image: External link] medication for 80 patients who are taking legal action over problems linked to the use of the swine flu vaccine, at a cost to the government of £12,000 per patient per year. Sodium oxybate is not available to patients with narcolepsy through the National Health Service[image: External link].[35]
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Fluzone






Fluzone is a brand of influenza vaccine, distributed by Sanofi Pasteur[image: External link]. It is a split-virus vaccine that is produced by chemical disruption of the influenza virus. Therefore, it is incapable of causing influenza.
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 History




Fluzone is typically administered in a single dose by intramuscular injection;[1] an intradermal injection is also available.[2] It is presented as a 0.25 ml syringe[image: External link] for pediatric[image: External link] use, as a 0.5 ml syringe for adults and children, as a 0.5 ml vial for adults and children, and as a 5 ml vial for adults and children.[1] Fluzone must be refrigerated under temperatures from 2 to 8 °C (36 to 46 °F) and is inactivated by freezing. Fluzone was initially approved in 1980 by the FDA.[1]

Fluzone comes in three versions that are thimerosal[image: External link]-free. There is a 0.25 ml prefilled pediatric syringe, a 0.5 ml prefilled syringe, and a 0.5 ml vial. Thimerosal is used only in the 5 ml multi-use vial.[1]

The use of Fluzone in infants less than six months of age is not recommended[citation needed[image: External link]]. Immunization[image: External link] with Fluzone may not protect 100% of susceptible individuals.

In January 2011 the FDA recognized that 36 children from 6–24 months old had fevers and seizures within a day of the fluzone vaccine.[3]
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 Adverse effects




The following adverse effects have been reported:[1]


	Mild soreness, local pain[image: External link] and swelling[image: External link] at the local of the injection

	In small children and in people with no previous exposure to a flu vaccine, episodes of fever[image: External link], malaise[image: External link], myalgia[image: External link] (muscle pain)

	In people who are sensitive to egg protein, allergic reactions[image: External link] may ensue, such as hives[image: External link], angioedema[image: External link], asthma[image: External link] and anaphylaxis[image: External link]
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 High-dose vaccine




A high-dose vaccine (Fluzone High-Dose) 4x the strength of standard flu vaccine was approved by the FDA in 2009.[4][5] This vaccine is intended for people 65 and over, who typically have weakened immune response due to normal aging. The vaccine produces a greater immune response than standard vaccine. According to the CDC,[6] "a study published in the New England Journal of Medicine[7] [in August, 2014] indicated that the high-dose vaccine was 24.2% more effective in preventing flu in adults 65 years of age and older relative to a standard-dose vaccine." CDC recommends the high-dose vaccine for people 65 and over but expresses no preference between it and standard vaccine. Further studies are underway.
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Influvac is a sub-unit vaccine produced and marketed by Abbott Laboratories[image: External link]. It contains inactivated purified surface fragments (sub-units) from the three different strains of the influenza virus ( A/H1N1[image: External link], A/H3N2, and Influenza B[image: External link] Virus) that are selected and distributed by the World Health Organization[image: External link], on the basis of their latest recommendations.[1]

In February 2010, Abbott[image: External link] acquired the vaccines sub-unit from Solvay Pharmaceuticals[image: External link] included in its $6.2 billion purchase[2] and the sub-unit influenza vaccine - Influvac has been commercially available on the market since the early nineteen-eighties.[1] With the acquisition of Solvay, Abbott retained access to the Eastern European, Middle Eastern & Latin American markets. Approximately $850 million of sales revenue from vaccines was reported by Solvay Pharmaceuticals in 2009.[2]
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Live attenuated influenza Vaccine






Live attenuated influenza vaccine (LAIV) is a type of influenza vaccine in the form of a nasal spray[image: External link] that used to be recommended to prevent influenza.[2] In June 2016 the CDC stopped recommending the use of LAIV as its effectiveness has appeared to have decreased between 2013 and 2016.[3]

It is an attenuated vaccine[image: External link], unlike most influenza vaccines, which are inactivated vaccines[image: External link]. LAIV is administered intranasally[image: External link],[4] while inactivated vaccines are administered by intramuscular injection[image: External link]. Both live attenuated and inactivated vaccines are typically trivalent. That is, they contain material from three different influenza virus strains recommended by national and international public health agencies[5][6] as most likely to be protective against seasonal influenza in any given year. LAIV is sold under the trade name FluMist in the United States[image: External link] and Canada[image: External link], and Fluenz[1] in Europe[image: External link]. FluMist is manufactured by MedImmune[image: External link] and was first introduced in 2003.[7]
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 Medication uses




In 2016 the CDC recommended that LAIV not be used for the 2016-2017 flu season and instead another type of influenza vaccine be used.[3] This is due to the poor effectiveness of this type of vaccine between 2013 and 2016 with it being non effective during the 2015-2016 season.[3] A 2012 review found that LAIV prevents influenza in about one out of six children under six it is given to.[8] It was believed to prevent about 50% more cases of flu than the flu shot in younger children.[9] In those less than 2 years old evidence the evidence was however unclear.[8] Why there appears to be a decrease in effectiveness is unknown.[3]
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 Not recommended





	children <24 months of age, due to increased risk of wheezing [10]


	individuals with a history of hypersensitivity to previous influenza vaccination.[10]


	individuals with a history of hypersensitivity, especially anaphylactic reactions, to eggs, egg proteins, gentamicin, gelatin, or arginine or to any other ingredient in the formulation [10]


	People with a medical condition that places them at high risk for complications from influenza, including those with chronic heart or lung disease, such as asthma or reactive airways disease[11]


	People with medical conditions such as diabetes or kidney failure or people with illnesses that weaken the immune system, or who take medications that can weaken the immune system[11]


	Children less than 5 years old with a history of recurrent wheezing[11]


	Children or adolescents receiving aspirin[11]


	People with a history of Guillain–Barré syndrome[image: External link], a rare disorder of the nervous system[11]


	Pregnant women[11]


	People who have a severe allergy to chicken eggs or who are allergic to any of the nasal spray vaccine components[11]




It is possible for individuals vaccinated with FluMist to spread the virus to others for up to 21 days after vaccination. For this reason it is recommended that those vaccinated with FluMist avoid close contact with individuals with weak immune systems during that time.[12]
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 Risks




Even though the virus in LAIV is attenuated (low in virulence[image: External link]), it is still a living virus, and may cause an infection with complications in people with weakened immune systems or other underlying medical conditions. As of 2010, LAIV is recommended only for people 2–49 years of age, and is not recommended for people who have a weakened immune system, for pregnant women, or for people with certain chronic diseases.[13] In contrast, inactivated virus vaccines contain no living virus, and cannot cause a live infection. Persons receiving LAIV may shed small amounts of the vaccine virus during the first week. People coming in contact with the vaccinated person are not considered to be at risk, unless their immune systems are severely weakened (for example, bone marrow transplant recipients).[2]
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 History




FluMist was originally developed by Hunein "John" Maassab[image: External link], Professor of Epidemiology at the University of Michigan[image: External link] School of Public Health in Ann Arbor[image: External link], Michigan[image: External link] and later by Aviron, in Mountain View[image: External link], California[image: External link], under the sponsorship of NIH in the mid-1990s. MedImmune[image: External link], Inc. purchased Aviron in 2002, and the FDA approved FluMist in June 2003.[14] FluMist was first made available in September 2003.

The U.S. FDA initially approved FluMist only for healthy people ages 5 to 49 because of concerns over possible side effects. Now FluMist is approved and recommended for healthy children 24 months of age and older. The FDA approved the current unfrozen refrigerated version for the same age group (ages 5–49) in August 2006 following completion of phase 3 clinical trials.[15] CAIV-T has been approved by the FDA and is the version offered on the market beginning in fall of 2007.

The current version of the vaccine is called CAIV-T, and is stable for storage in a refrigerator, rather than requiring freezer storage as did the originally-approved formulation. Approved for the 2007-2008 flu season, the refrigerated formulation can be distributed more economically, so that the price differential with shots (which had hampered sales of the original frozen version of FluMist) is now largely eliminated. FluMist was initially priced higher than the injectable vaccines, but sold only 500,000 of the 4 million doses it produced its first year on the market, despite a comparative shortage of flu vaccine in fall 2004.[16] The price was sharply lowered the next year, and the company reports distributing 1.6 million doses in 2005.[17] Because of the price drop, despite selling almost three times as many doses in 2005, the company reported $21 million in FluMist sales, compared to $48 million the previous year.[18] Further cuts in pricing had to await FDA approval of a refrigerator-cooled FluMist formulation, as the initial formulation required freezer storage and thawing on demand before administration. Although it is positioned as a premium product, the remaining price premium for FluMist over the cost of needle-injected vaccine is small.[citation needed[image: External link]]

The FDA's regulatory pathway for FluMist has been suggested as a possible precedent for phage therapy[image: External link].[19]
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 Society and culture




MedImmune[image: External link] is one company that manufactures LAIV, which it sells under the trade name "FluMist" in the United States and "Fluenz"[1] in Europe[image: External link]. For the 2010–2011 flu season, FluMist was the only LAIV approved by the FDA for use in the USA.[6] All other FDA-approved lots were inactivated virus vaccines. In September 2009 a LAIV intranasal vaccine for the novel H1N1 influenza virus was approved[20] and the seasonal intranasal vaccine was approved by the European Medicines Agency[image: External link] for use in the European Union[image: External link] in 2011, though distribution would not likely begin until 2012.[21]

As of 2007, the only other company holding LAIV vaccine rights was BioDiem of Australia.[22] BioDiem licensed rights to private production of the vaccine in China to Changchun BCHT Biotechnology, which also holds public rights for production in China sublicensed from the World Health Organization[image: External link].[23] BCHT plans to market a trivalent LAIV vaccine for H1N1 flu by the end of 2016.[24] The BCHT flu vaccine is one of several candidates for WHO prequalification in the near future,[25] reflecting a shift of Chinese market priorities from a large domestic market toward export.[26] BioDiem has also licensed production to the Serum Institute of India[image: External link], which holds exclusive licenses for production in Mexico, Argentina, Peru, South Africa, Bangladesh, Bhutan, Nepal, Pakistan and Sri Lanka, and the Government Pharmaceutical Office of Thailand. It was the first and (as of 2007) the only live attenuated vaccine for influenza available outside of Europe[image: External link].[27] In September 2009 a LAIV intranasal vaccine for the novel H1N1 influenza virus was approved.[20] In 2011, the vaccine was approved by the European Medicines Agency[image: External link] for use in the European Union[image: External link] under the name Fluenz.[21]
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 Research




FluMist is designed to be quickly modifiable to present the surface antigens of seasonal flu. The modifiability could also allow it to be quickly customized as a vaccine against a pandemic influenza if one were to emerge. In light of the Global spread of H5N1[image: External link] advance preparation to reduce human mortality in the event of an H5N1 pandemic[image: External link] has begun. Modifying FluMist to serve as a specific human H5N1 vaccine is among the measures studied.[28]

In June 2006, the National Institutes of Health[image: External link] (NIH) began enrolling participants in a Phase 1 H5N1 study of an intranasal influenza vaccine candidate based on MedImmune[image: External link]'s live, attenuated vaccine technology.[29]

In September 2006 the NIH NIAID[image: External link] reported that inoculation with a FluMist vaccine modified to present the surface antigens of certain H5N1 variants provided broad protection against other H5N1 variants in the mouse and ferret models.[30] Attenuated live viruses were found protective against H5N1 in mice and chickens in a 2009 study.[31]

Although early work is focusing on the looming H5N1 threat, the CDC team led by Kanta Subbarao and others intends to eventually prepare and store surface antigens for all known strains of influenza, ready to be grafted onto the base attenuated FluMist core virus whenever a pandemic threat might emerge.

"Several trials have reported that LAIVs can boost virus-specific CTLs as well as mucosal and serum antibodies and provide broad cross-protection against heterologous human influenza A viruses." (58, 59)[32] "[V]accine formulas inducing heterosubtypic[image: External link] T cell–mediated immunity may confer broad protection against avian and human influenza A viruses." [32]

In September 2009 a LAIV intranasal vaccine for the novel H1N1 influenza virus was approved.[20]
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Optaflu






Optaflu is a cell culture[image: External link] derived influenza vaccine manufactured by Novartis[image: External link].

History

On April 27, 2007 Novartis received a positive opinion supporting European Union[image: External link] approval of Optaflu. It is the first influenza vaccine made in a mammalian cell line, rather than chicken eggs.[1] The vaccine will be manufactured in Holly Springs, North Carolina[image: External link]. The United States[image: External link] government is providing $500 million in construction costs and guaranteed vaccine purchases.[2]
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Influenza Treatment





Treatments for influenza include a range of medications[image: External link] and therapies[image: External link] that are used in response to disease influenza. Treatments may either directly target the influenza virus[image: External link] itself; or instead they may just offer relief to symptoms of the disease, while the body's own immune system works to recover from infection.[1]

The two main classes of antiviral drugs used against influenza are neuraminidase inhibitors[image: External link], such as zanamivir and oseltamivir, or inhibitors of the viral M2 protein[image: External link], such as amantadine and rimantadine. These drugs can reduce the severity of symptoms if taken soon after infection and can also be taken to decrease the risk of infection. However, virus strains have emerged that show drug resistance[image: External link] to both classes of drug.
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 Symptomatic treatment




The United States authority on disease prevention, the Centers for Disease Control and Prevention (CDC), recommends that persons suffering from influenza infections:


	Stay at home

	Get plenty of rest

	Drink a lot of liquids[image: External link]

	Do not smoke or drink alcohol

	Consider over-the-counter[image: External link] medications to relieve flu symptoms

	Consult a physician[image: External link] early on for best possible treatment

	Remain alert for emergency warning signs[2]




Warning signs are symptoms that indicate that the disease is becoming serious and needs immediate medical attention. These include:


	Difficulty breathing or shortness of breath

	Pain or pressure in the chest or abdomen

	Dizziness

	Confusion

	Severe or persistent vomiting



In children other warning signs include irritability, failing to wake up and interact, rapid breathing, and a blueish skin color. Another warning sign in children is if the flu symptoms appear to resolve, but then reappear with fever and a bad cough.[2]
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 Antiviral drugs




Antiviral drugs directly target the viruses responsible for influenza infections. Generally, anti-viral drugs work optimally when taken within a few days of the onset of symptoms.[citation needed[image: External link]] Certain drugs are used prophylactically[image: External link], that is they are used in uninfected individuals to guard against infection.

Four licensed influenza antiviral agents are available in the United States: amantadine, rimantadine, zanamivir, and oseltamivir.[3] They are available through prescription only. These drugs fall into categories as either M2-inhibitors (admantane derivatives) or neuraminidase inhibitors as illustrated in the following table.



	Antiviral drugs to treat influenza



	Class
	Effective Against
	Drug Name ( INN[image: External link])
	Brand Name
	Year Approved
	Manufacturer



	M2[image: External link] inhibitors

(adamantane derivatives)
	Influenza A
	Amantadine
	Symmetrel[image: External link]
	1976
	Endo Pharmaceuticals[image: External link]



	Rimantadine
	Flumadine[image: External link]
	1994
	Forest Laboratories[image: External link]



	Neuraminidase inhibitors[image: External link]
	Influenza A & B
	Zanamivir
	Relenza[image: External link]
	1999
	GlaxoSmithKline[image: External link]



	Oseltamivir
	Tamiflu[image: External link]
	1999
	Hoffmann-La Roche[image: External link]



	Note: Neuraminidase inhibitors are approved for prophylaxis use in children and adults.




In Russia and China a drug called arbidol[image: External link] is also used as a treatment. Testing of the drug has predominantly occurred in these countries and, although no clinical trials have been published demonstrating this is an effective drug, some data suggest that this could be a useful treatment for influenza.[4][5]
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 Peramivir




Peramivir, an experimental anti-influenza drug, developed by BioCryst Pharmaceuticals[image: External link] has not yet been approved for sale in the United States.[6][7] This drug can be given as an injection, so may be particularly useful in serious cases of influenza where the patient is unconscious and oral or inhaled drug administration is therefore difficult.[8][9]

In October 2009, it was reported that the experimental antiviral drug Peramivir had been effective in treating serious cases of swine flu.[10] On October 23, the U.S. Food and Drug Administration[image: External link] (FDA) issued an Emergency Use Authorization[image: External link] for Peramivir (now expired), leading to wider and faster availability for patients. Since the FDA's decisions and actions are closely watched around the world, this move is likely to also increase demand for Peramivir internationally.[11][12]
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 Interferons




Interferons[image: External link] are cellular signalling factors produced in response to viral infection. Research into the use of interferons to combat influenza began in the 1960s in the Soviet Union[image: External link], culminating in a trial of 14,000 subjects at the height of the Hong Kong Flu[image: External link] of 1969, in which those treated prophylactically with interferon were more than 50% less likely to suffer symptoms, though evidence of latent infection was present.[13] In these early studies leukocytes were collected from donated blood and exposed to a high dose of Newcastle disease[image: External link], causing them to release interferons. Although interferon therapies became widespread in the Soviet Union, the method was doubted in the United States after high doses of interferon proved ineffective in trials. Though the 1969 study used 256 units of interferon, subsequent studies used up to 8.4 million units. It has since been proposed that activity of interferon is highest at low concentrations.[14] Phase III trials in Australia are planned for 2010, and initial trials are planned in the U.S. for late 2009.[15]

Interferons have also been investigated as adjuvants[image: External link] to enhance to effectiveness of influenza vaccines. This work was based on experiments in mice that suggested that type I interferons could enhance the effectiveness of influenza vaccines in mice.[16] However, a clinical trial in 2008 found that oral dosing of elderly patients with interferon-alpha actually reduced their immune response to an influenza vaccine.[17]

Viferon[image: External link] is a suppository of (non- pegylated[image: External link][18]) interferon alpha[image: External link]-2b, ascorbic acid[image: External link] (vitamin C), and tocopherol[image: External link] (vitamin E) which was reported in two small studies to be as effective as arbidol.[19][20] It is sold in Russia for $4–$9 per suppository depending on dose.[citation needed[image: External link]] Another interferon alfa-2b[image: External link] medicine, "Grippferon", nasal drops, is used for treatment and emergency prevention of Influenza and cold.[21] Its manufacturers have appealed to the WHO[image: External link] to consider its use against avian influenza and H1N1 Influenza 09 (Human Swine Flu), stating that it was used successfully in Russia for eight years, but that "the medical profession in Europe and the USA is not informed about this medicine".[22]
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 Drug resistance




Influenza viruses can show resistance to anti-viral drugs. Like the development of bacterial antibiotic resistance[image: External link], this can result from over-use of these drugs. For example, a recent study published in the June 2009 Issue of Nature Biotechnology[image: External link] emphasized the urgent need for augmentation of oseltamivir (Tamiflu) stockpiles with additional antiviral drugs including zanamivir (Relenza) based on an evaluation of the performance of these drugs in the scenario that the 2009 H1N1 'Swine Flu' neuraminidase (NA) were to acquire the tamiflu-resistance (His274Tyr) mutation which is currently widespread in seasonal H1N1 strains.[23] Yet another example is in the case of the amantadines treatment may lead to the rapid production of resistant viruses, and over-use of these drugs has probably contributed to the spread of resistance.[24] In particular, this high-level of resistance may be due to the easy availability of amantadines as part of over-the-counter cold remedies in countries such as China and Russia,[25] and their use to prevent outbreaks of influenza in farmed poultry.[26][27]

On the other hand, a few strains resistant to neuraminidase inhibitors have emerged and circulated in the absence of much use of the drugs involved, and the frequency with which drug resistant strains appears shows little correlation with the level of use of these drugs.[28] However, laboratory studies have shown that it is possible for the use of sub-optimal doses of these drugs as a prophylactic measure might contribute to the development of drug resistance.[28]

During the United States 2005–2006 influenza season, increasing incidence of drug resistance by strain H3N2 to amantadine and rimantadine led the CDC to recommend oseltamivir as a prophylactic drug, and the use of either oseltamivir or zanamivir as treatment.[3] [29]
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 Over-the-counter medication




Antiviral drugs are prescription-only medication in the United States. Readily available over-the-counter medications[image: External link] do not directly affect the disease, but they do provide relief from influenza symptoms, as illustrated in the table below.



	OTC medicines provide relief for 'flu symptoms



	Symptom(s)
	OTC Medicine



	
fever[image: External link], aches, pains[image: External link], sinus[image: External link] pressure, sore throat[image: External link]

	analgesics[image: External link]



	
nasal congestion[image: External link], sinus pressure
	decongestants[image: External link]



	sinus pressure, runny nose[image: External link], watery eyes[image: External link], cough[image: External link]

	antihistamines[image: External link]



	cough
	cough suppressant[image: External link]



	sore throat[image: External link]
	local anesthetics[image: External link]





Children and teenagers with flu symptoms (particularly fever) should avoid taking aspirin[image: External link] as taking aspirin in the presence of influenza infection (especially Influenzavirus B) can lead to Reye's syndrome[image: External link], a rare but potentially fatal disease of the brain.[31]
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 Off-label uses of other drugs




Several generic prescription medications might prove useful to treat a potential H5N1 avian flu outbreak, including statins[image: External link], fibrates[image: External link], and chloroquine[image: External link].[32][33][34]
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 Nutritional supplements and herbal medicines




Malnutrition can reduce the ability of the body to resist infections and is a common cause of immunodeficiency in the developing world.[35] For instance, in a study in Ecuador[image: External link], micronutrient deficiencies were found to be common in the elderly, especially for vitamin C[image: External link], vitamin D[image: External link], vitamin B-6[image: External link], vitamin B-12[image: External link], folic acid[image: External link], and zinc[image: External link], and these are thought to weaken the immune system or cause anemia[image: External link] and thus place people at greater risk of respiratory infections such as influenza.[36] Seasonal variation in sunlight exposure, which is required for vitamin D synthesis within the body, has been proposed as one of the factors accounting for the seasonality of influenza.[37] A meta-analysis of 13 studies indicated some support for adjunctive vitamin D therapy for influenza, but called for more rigorous clinical trials to settle the issue conclusively.[38]

A recent review discussing herbal and alternative medicines in influenza treatment details evidence suggesting that N-acetylcysteine[image: External link], elderberry[image: External link], or a combination of Eleutherococcus senticosus[image: External link] and Andrographis paniculata[image: External link] may help to shorten the course of influenza infection. The article cites more limited evidence including animal or in vitro studies to suggest possible benefit from vitamin C[image: External link], DHEA[image: External link], high lactoferrin[image: External link] whey protein[image: External link], Echinacea[image: External link] spp., Panax quinquefolium[image: External link], Larix occidentalis[image: External link] arabinogalactans[image: External link], elenolic acid[image: External link] (a constituent of olive leaf extract[image: External link]), Astragalus membranaceus[image: External link], and Isatis tinctoria[image: External link] or Isatis indigotica[image: External link]. [39] Another review assessed the quality of evidence for alternative influenza treatments, it concluded that there was "no compelling evidence" that any of these treatments were effective and that the available data on these products is particularly weak, with trials in this area suffering from many shortcomings, such as being small and poorly-designed and not testing for adverse effects.[40]
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 N-acetylcysteine




The activity of N-acetylcysteine[image: External link] (NAC) against influenza was first suggested in 1966.[41] In 1997 a randomized clinical trial found that volunteers taking 1.2 grams of N-acetylcyteine daily for six months were as likely as those taking placebo[image: External link] to be infected by influenza, but only 25% of them experienced clinical symptoms, as contrasted with 67% of the control group[image: External link]. The authors concluded that resistance to flu symptoms was associated with a shift in cell mediated immunity[image: External link] from anergy[image: External link] toward normoergy[image: External link], as measured by the degree of skin reactivity[image: External link] to seven common antigens[image: External link] such as tetanus[image: External link] and Candida albicans[image: External link].[42]

Several animal studies found that in a mouse model of lethal infection with a high dose of influenza, oral supplementation with one gram of N-acetylcysteine[image: External link] per kilogram of body weight daily increased the rate of survival, either when administered alone or in combination with the antiviral drugs ribavirin[image: External link] or oseltamivir.[43][44][45] NAC was shown to block or reduce cytopathic effects in influenza-infected macrophages,[46] to reduce DNA fragmentation[image: External link] ( apoptosis[image: External link]) in equine influenza-infected canine kidney cells,[47] and to reduce RANTES[image: External link] production in cultured airway cells in response to influenza virus by 18%.[48] The compound has been proposed for treatment of influenza.[49]
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 Elderberry




A few news reports have suggested the use of an elderberry[image: External link] (Sambucus nigra[image: External link]) extract as a potential preventative against the 2009 flu pandemic.[50][51][52][53] The preparation has been reported to reduce the duration of influenza symptoms by raising levels of cytokines.[54][55][56] However, the use of the preparation has been described as "imprudent" when an influenza strain causes death in healthy adults by cytokine storm leading to primary viral pneumonia.[57] The manufacturer cites a lack of evidence for cytokine-related risks, but labels the product only as an antioxidant and food supplement.[58]
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 "Kan Jang"




The mixture of Eleutherococcus senticosus[image: External link] ("Siberian ginseng") and Andrographis paniculata[image: External link], sold under the trade name Kan Jang, was reported in the Journal of Herbal Pharmacotherapy to outperform amantadine in reducing influenza-related sick time and complications in a Volgograd[image: External link] pilot study of 71 patients in 2003.[59] Prior to this, an extract of Eleutherococcus senticosus was shown to inhibit replication of RNA but not DNA viruses in vitro.[60] Among nine Chinese medicinal herbs tested, Andrographis paniculata was shown to be most effective in inhibiting RANTES[image: External link] secretion by H1N1 influenza infected cells in cell culture[image: External link], with an IC50 for the ethanol extract of 1.2 milligrams[image: External link] per liter[image: External link].[61]
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 Green Tea




High dietary intake of green tea[image: External link] (specifically, catechins and theanine that is found in tea products) has been correlated with reduced risk of contracting influenza, as well as having an antiviral effect upon types A and B.[62][63][64] Specifically, the high levels of epigallocatechin gallate, epicatechin gallate, and epigallocatechin present in green tea were found to inhibit influenza virus replication.[65] Additionally, topical application has been suggested to possibly act as a mild disinfectant.[66] Regular dietary intake of green tea has been associated with stronger immune response to infection, through the enhancement of T-Cell function.[67]
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 Passive immunity
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 Transfused antibodies




An alternative to vaccination used in the 1918 flu pandemic was the direct transfusion of blood, plasma, or serum from recovered patients. Though medical experiments of the era lacked some procedural refinements, eight publications from 1918-1925 reported that the treatment could approximately halve the mortality in hospitalized severe cases with an average case-fatality rate of 37% when untreated.[68][69]

Bovine colostrum[image: External link] might also serve as a source of antibodies for some applications.[70]
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 Ex vivo culture of T lymphocytes




Human T lymphocytes[image: External link] can be expanded in vitro using beads holding specific antigens to activate the cells and stimulate growth. Clonal populations[image: External link] of CD8+ cytotoxic T cells[image: External link] have been grown which carry T cell receptors[image: External link] specific to influenza. These work much like antibodies[image: External link] but are permanently bound to these cells. (See cellular immunity[image: External link]). High concentrations of N-acetylcysteine have been used to enhance growth of these cells. This method is still in early research.[71][72]
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