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Abbreviations of People
BC: Beulah Chase

CC: Charles Chapin

CW: Charles-Edward Amory Winslow
CL: Charles Lindbergh

ER: Edward Riley

ES: Elvin Stakman

EW: Edwin Wilson

FM: Fred Meier

JS: Joseph Stokes

MW: Mildred Weeks Wells
OR: Oswald Robertson
RC: Roger Crane

RH: Roderick Heffron

RR: Richard Riley

SM: Stuart Mudd

TR: Theodor Rosebury
WW: William Firth Wells

Archival Sources and Abbreviations

APS/JS: Joseph Stokes Jr. Papers. Mss.B.St65p. American Philosophical Society, Philadelphia,
PA.

APS/OR: O. H. Robertson Papers. Mss.B.R546. American Philosophical Society, Philadelphia,
PA.

CAL: Charles Augustus Lindbergh Papers (MS 325). Selected Correspondences, 1911-1974.
Manuscripts and Archives, Yale University Library.

CAL/FM: Correspondence between CL and FM. CAL Box 21, Folder Meier, Fred Campbell.
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CC/BU: Charles Chapin Papers. Correspondences, 1901-1939. John Hay Library, Brown
University.

CC/RI: Charles Chapin Papers. Mss 343, Series 6. Rhode Island Historical Society.

CWP: Charles-Edward Amory Winslow Papers. General Correspondences, 1897—1957. Box 31.
Manuscripts and Archives, Yale University Library.

CF: Commonwealth Fund Records. Rockefeller Archives Center, Sleepy Hollow, NY.

EWP: Edwin Wilson Papers. Box 2, Folder 34. Countway Library of Medicine, Center for the
History of Medicine, Harvard School of Public Health.

NAS: National Academies of Sciences—National Research Council Archives: B&A: DNRC:
Committee on Aerobiology.

NRC: National Research Council Archives. Committee on Aerobiology. General: 1937-1939.
OHECS: Oral History of E. C. Stakman. Box 1, Folder 9. Elvin C. Stakman Papers, ua-01017.
University of Minnesota Archives.

https://archives.lib.umn.edu/repositories/14/archival objects/348190.

RRP: Richard L. Riley Papers. HMS ¢363 Accession #2011-131. Countway Library of
Medicine, Center for the History of Medicine, Harvard School of Public Health.

TRP: Theodor Rosebury Papers. US National Library of Medicine.

USDA/BPI: USDA, Records of the Bureau of Plant Industry. National Archives, College Park,
MD.

USDA/CSA: USDA, Records of the Commissioner and Secretary of Agriculture. National
Archives, College Park, MD.

USDAV/ES: USDA, Records of the Extension Service. National Archives, College Park, MD.
USDA/WB: USDA, Records of the Weather Bureau. National Archives, College Park, MD.
USGPO: US Government Printing Office, Washington, DC.

WCA: Westchester County Archives, White Plains, New York.

Epigraph
ix Szymborska 2002, p.70.

Prologue: That’s Where It Is

xiv a major announcement: World Health Organization 2023b.

xv worst public health disaster of modern times: Covid Crisis Group 2023.

xv “This virus is here”: Quoted in World Health Organization 2023d.

xvii The Centers for Disease Control and Prevention: For an example of CDC guidance, see Hall
2021.

xvii Susanne Jones: Stone 2020.

xvil “Suddenly my annoying allergy symptoms”: Cauvel 2020.

xviii Howard Leibrand: “Local Choir Suffers Devastating Losses.” Skagit Valley Herald, March
30, 2020.

xviil “The community should postpone”: Quoted in Skagit County 2020a.
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xix “Individuals should try”: Inslee 2020.

xx “FACT: #COVID19 is NOT airborne”:
https://twitter.com/WHO/status/1243972193169616898.

xx Covid-19 was airborne: Lazarus et al. 2022; Lewis 2022.

xxii Hantaviruses: Forbes et al. 2018.

xxiii Measles: Stokholm et al. 2021.

xxiil Dolphins: Van Bressem et al. 2014.

xxiv the aerobiome: Aerobiome was first coined by Gordon et al. 2015.

Chapter 1: The Floating Germs

3 Louis Pasteur: For Louis Pasteur’s life, see Cavaillon and Legout 2022; Debré 1998; Geison
1995; Vallery-Radot and Devonshire 1902.

3 “The entire facade”: “Obsequies of Louis Pasteur.” New York Times, October 2, 1895.
4 “Everything gets complicated”: Pasteur to A. Chappuis, August 10, 1860, in Pasteur 1940, p.
73.

4 Albert Edelfelt: Weisberg and Hansen 2015.

4 With the help of his guide: Pasteur’s experiment is described in Adler and Diicker 2018; Ariatti
and Comtois 1993; Manchester 2007; Pasteur 1864.

5 Mary Wollstonecraft Godwin and Percy Bysshe Shelley: Nardin 1999; Wilson 2005.
5 “The immensity of these aerial summits”: Shelley and Shelley 1817, p. 151-2.

5 “I perceived, as the shape”: Shelley 1823, p. 203.

5 “the germs that float”: Pasteur 1864.

5 Anaximenes: Hobza 2020.

5 “Life and death”: Aristotle 1908, p. 472.

6 Hippocrates: Jouanna 2012; Zucconi 2019.

6 The word had existed for generations: Parker 1983; Temkin 1977.

6 “It attacks everyone”: Quoted in Jouanna 2012, p. 127.

6 “When the air is full”: Ibid., p. 125.

7 Robigo: Zadoks 1985.

7 “Take your rough hands”: Quoted in Palmer 2018.

7 “For every plant”: Quoted in Hughes 1985, p. 298.

7 “Lands which are exposed”: Hort 1916, p. 203.

8 the plague: Conrad 1982.

8 Baghdad: Fancy and Green 2021.

8 “This caused a severe epidemic”: Quoted in Dols 1977.

8 “Since it is civil”: Quoted in Geltner 2020, p. 18.

8 seemed useless: Arrizabalaga 1994.

8 “The art of Hippocrates”: Quoted in Cohn 2007, p. 10.

9 mange: Aberth 2011.

9 Qusta ibn Liiga: Gari 2002; Swanson 2010.
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9 “Infection is a spark™: Quoted in Stearns 2011, p. 71.

9 cities tried to prevent: Kinzelbach 2006.

9 the Major Council of Dubrovnik: Blazina-Tomi¢ and Blazina 2015.

9 Thus the quarantine was born: Sehdev 2002.

10 leather masks: Ruisinger 2020.

10 cinnamon, cloves, and opium: Mussap 2019.

10 Girolamo Fracastoro: Beretta 2003; Henderson 2019; Howard-Jones 1977.
10 “born amid squalor”: Fracastoro 1984, p. 55.

10 “It was necessary”’: Greenwood 1927, p. 465.

10 On the Nature of Things: Greenblatt 2011.

11 “There are many seeds”: Lucretius 1924, p. 575.

11 “so very varied”: Fracastoro 1984, p. 53.

11 “The air is the most suitable”: Fracastoro 1930, p. 57.

12 gradually abandoned it: Nutton 1990.

12 Antonie van Leeuwenhoek: Robertson 2022; Wilson 1995.

12 contagionists: DeLacy 2017; Pastoret et al. 2006.

12 “Mankind, Quadrupeds and Plants™: Bradley 1721, p. 47-8, 57.

12 Richard Bradley: Egerton 2006.

13 Newgate Prison: Buckland 2022; Hales 1752.

13 “the wholesome breath”: Quoted in Evans 2011, p. 100.

13 “unwholesome atmosphere”: Rush 1789, p. 90.

13 “Philadelphia, from having been”: Ibid., p. 86.

13 “The first cases”: Quoted in McFarland 1929, p. 454.

14 “the miasmata from our atmosphere”: Benjamin Rush to Thomas Jefferson, August 29, 1804.
https://founders.archives.gov/documents/Jefferson/01-44-02-0289.

14 “A new era”: Quoted in Apel 2016, p. 144.

14 “Like a primal fixed star”: Staughton 1813, p. 24.

14 “He has done”: Quoted in Brodsky 2004, p. 365.

14 anticontagionists: Ackerknecht 2009.

14 roundly condemned contagionism: Brown 2008.

14 Charles Maclean: Mullett 1952.

14 “little short of willful murder”: Quoted in ibid., p. 523.

14 “This unknown and incomprehensible power”: Maclean 1824, p. 208.
14 Christian Gottfried Ehrenberg: Dolan 2022; Krumbein 1995; Natural History Museum 2013;
Sarjeant 1978; Williams and Huxley 1998.

15 “Of small things”: Quoted in Grote 2022, p. 2.

15 paper meteorites: Ehrenberg 1839.

15 “How many thousand millions”: Ehrenberg 1849, p. 57.

16 “the falling of impalpably fine dust”: Darwin 1909, p. 14.
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16 “T am truly astonished”: Darwin to Ehrenberg, July 4, 1844.
https://www.darwinproject.ac.uk/letter/?docld=letters/DCP-LETT-760.xml.

16 “I will feast”: Ehrenberg to Darwin, July 11, 1844.
https://www.darwinproject.ac.uk/letter/?docld=letters/DCP-LETT-762.xml.

16 published an account: Darwin 1846.

17 “proved the actual existence”: Cunningham 1873, p. 2.

17 Ireland: Woodham-Smith 1962.

17 a third of the country’s population: Connolly 2022.

17 a fierce scientific debate: Matta 2010.

17 a water-mould: Egerton 2012. The modern name for the cause of late potato blight is
Phytophthora infestans.

17 “destruction by absorption of miasm”: Gardeners’ Chronicle, September 5, 1846, p. 595.
18 spontaneous generation: Farley 1977.

18 Miles Berkeley: Nelson 1983; Nelson and Ristaino 2011.

18 “The decay is the consequence”: Berkeley 1846, p. 23.

18 Anton de Bary: Turner 2005.

18 “are wafted about”: Quoted in Berkeley 1857, p. 258.

19 spoiled beet juice: Lecerf 2023.

20 “Their presence is always”: Quoted in Cavaillon and Legout 2022, p. 2.

20 “unfair, arrogant, haughty”: Ibid., p. 1.

20 “The most brazen plagiarist”: Ibid., p. 2.

20 “Where do they come from”: Quoted in Debré 1998, p. 148.

20 The late potato blight: Pouchet’s anticontagionism is mentioned in Berkeley 1846.
21 “Spontaneous generation is the production”: Quoted in Debré 1998, p. 157.

21 a public spectacle: Roll-Hansen 1979.

21 “The world into which”: Quoted in Vallery-Radot 1902, p. 99.

22 “The air in which”: Quoted in Debré¢ 1998, p. 163.

23 “gives us the indubitable proof”: Pasteur 1922, p. 204.

24 The Sorbonne: All quotations from the 1864 lecture are from Pasteur 1922, p. 328-46.

Chapter 2: The Sanitarians

26 “They sometimes carry’’: Pasteur 1922, p. 338.

26 Joseph Lister: Fisher 1977.

27 “simplicity and perfect conclusiveness”: Lister 1909, p. 486.

27 “some material capable”: Lister 1867, p. 246.

27 “I do not think”: Quoted in Debré¢ 1998, p. 278.

28 Max von Pettenkofer: I based my account of his life on sources including Bencko 2018;
Evans 1973; Hume 1927; Locher 2007.

28 “No living epidemiologist™: Von Pettenkofer 1887.

28 “was known throughout”: “Max Josef von Pettenkofer.” 1901. Nature 63:399.
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28 “das Cholera-Miasma’: Von Pettenkofer 1855, p. 104.

28 “the monster”: Snowden 2020, p. 235.

28 only gained the world’s attention: Pollitzer 1959; Shah 2016.

29 “It can scarcely be necessary”: Maclean 1824, p. 425.

29 John Snow: Johnson 2006; Koch 2008.

29 “The evidence brought forward”: Westminster Medical Society 1832, p. 150.
29 It suddenly killed 918 residents: Kisskalt 1948, p. 39.

30 “inhaled poison”: Snow 1849, p. 4.

31 “I have disposed”: Quoted in Winslow 1967, p. 314.

31 “It looked as if”: Quoted in Kisskalt 1948, p. 44.

32 “We live in the air”: Von Pettenkofer 1875, p. 51.

32 “Cleanliness acts as a deterrent”: Von Pettenkofer 1884b, p. 771.
33 “It is possible by increasing”: Von Pettenkofer 1875, p. 52-3.

33 Indoor pollution: Von Pettenkofer 1873.

33 sanitarians: Duffy 1990; Fairchild et al. 2010.

33 “a great laboratory”: Quoted in Duffy 1968, p. 113.

34 “Suffice it to say”: Nightingale 1863, p. 9.

34 the architecture of houses: Klauss et al. 2011.

34 forty-six thousand windows: Blake 1948.

34 an international consensus: Richmond 1954.

34 At cholera conferences: Howard-Jones 1975.

34 “drinking-water faith”: Quoted in Howard-Jones 1973, p. 103.
35 silkworms: Davidson 2012.

36 Robert Koch: Blevins and Bronze 2010; Brock 1999; Jones 2010.
36 “They looked like”: Koch 1987, p. 5.

37 Jacob Henle: Howard-Jones 1977.

38 “The man has made”: Quoted in Brock 1999, p. 46.

38 tuberculosis: Kaufmann and Schaible 2005.

38 one in seven humans: Koch 1987, p. 83.

38 Koch’s postulates: Carter 1985.

39 Damietta: Rose 2020.

39 The British soldiers: Ogawa 2000.

39 “who do not believe”: Hunter 1884, p. 93.

40 the comma bacillus: Coleman 1987.

41 “Koch’s discovery of the comma bacillus”: Quoted in Howard-Jones 1973, p. 104.
41 “If a weather storm”: Von Pettenkofer 1884a, p. 993.

41 Hamburg: Evans 2005; Morabia 2024.

42 melting Arctic icebergs: Evans 2005, p. 234.

42 “I felt as if’: Quoted in ibid., p. 312.

42 a germ-driven disease: Baldwin 1999.
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42 1.34 percent: Morabia 2024.

43 blamed the disaster in Hamburg: Von Pettenkofer 1892.

43 his performance: Ibid.

44 “Herr Doktor Pettenkofer”: Quoted in Sherman 2020, p. 165.

44 “we could guess”: Quoted in Kisskalt 1948, p. 118.

45 “Thus, it is probable”: Koch 1987, p. 94.

45 doctors urged housewives: Tomes 1999.

45 making spitting in public a crime: Cochran 2020.

46 “The dissemination of germs”: Fliigge 1897, p. 213.

47 an operating room: Strasser and Schlich 2020.

47 Johannes Mikulicz: Schlich and Strasser 2022.

48 Charles Chapin: Cassedy 1962; Terris 1999.

48 “Air was the chief vehicle”: Chapin 1934, p. 14.

48 “The most natural explanation”: Chapin 1908, p. 2048.

48 “A bundle comes home”: Quoted in “Well Men May Carry Diseases.” Boston Post, March
27,1911. CC/RI, Box 13, vol. 30.

48 “Many a lifelong infection”: Quoted in “Tells of Contagion in Personal Contact.” Providence
Journal, March 27, 1911. CC/RI, Box 13, vol. 30.

48 “The breath of a patient”: Quoted in “Stop Kissing, Keep Healthy.” Boston Evening News,
March 27, 1911. CC/RI, Box 13, vol. 30.

48 spray-borne: Chapin 1908.

49 “They have not wings”: Quoted in “Well Men May Carry Diseases.” Boston Post, March 27,
1911. CC/RI, Box 13, vol. 30.

49 pulled the trigger: “Prof. Pettenkofer a Suicide.” New York Times, February 11, 1901.

49 “The death of Professor Pettenkofer”: “Max von Pettenkofer.” Lancet 157(4042):490-1.
49 “Pettenkofer and his teaching”: Greenwood 1935, p. 60.

49 “To men of this generation™: “Pettenkofer and His Theory.” 1935. Br Med J 2(3897):518.
49 a classic of the field: Rosen 1963.

49 “It will be a great relief”: Chapin 1910, p. 264.

50 “I believe that perhaps”: Quoted in “Dr. Chapin Paid Greatest Honor by Contemporaries.”
Providence Journal, April 16, 1930.

Chapter 3: A Watermelon Doctor

51 Charles Lindbergh: My account of the Lindberghs is based on sources including Berg 1998;
Friedman 2008; Herrmann 1992; Hertog 1999; Lindbergh 1978.

51 “They have flown so much”: Owen 1933.

52 Supplies were loaded: Weems 1934.

52 “We circle and circle”: Lindbergh 1974, p. 46.

52 “the government’s ace-spore hunter”: “Flying Scientist Chases Spores.” E/ Paso Herald-Post,
May 12, 1933.
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53 Pierre Miquel: Comtois 1997.

54 “There are too few scientists”: Miquel 1883, p. vii.

54 “an inference made yesterday”: Ibid., p. vi.

54 “The micrographer who has leisure”: Quoted in Gregory 1961, p. 10.

54 “I have succeeded”: Miquel 1883, p. vii.

54 Charles Harrison Blackley: Taylor and Walker 1973.

55 “When I had got”: Quoted in Blackley 1873, p. 43.

55 “A small cloud of pollen™: Ibid., p. 44.

55 one of Pasteur’s tricks: Blackley 1873, p. 118.

56 some unexpected fan mail: Lownes 1947.

56 “The power of pollen”: Darwin to Blackley, July 5, 1873.
https://www.darwinproject.ac.uk/letter/?docld=letters/DCP-LETT-8965.xml.
56 “Hay-fever is essentially a neurosis”: Quoted in Waite 1995, p. 193.

56 Microbiologists had their own objections: MacPhail 2023.

57 “Absolute silence reigns supreme’: Glaisher 1871, p. 147.

57 Hector Cristiani: Cristiani 1893; Cristiani 1895; Soret 1896.

57 Eduard Spelterini: Mangold 2019.

57 Otto Lilienthal: Lemelson-MIT n.d.; Reichhardt 2016.

58 “What goes on up in the air?”’: OHECS, vol. 7, p. 1350.

58 Elvin Stakman: Christensen 1992; Mann 2018; OHECS; Rensberger 1979.
58 lost up to half their harvest: Olmstead and Rhode 2002.

58 “The terrible devastation™: Stakman 1937, p. 118.

59 its huge harvest: Fullilove 2017.

59 keep Allied soldiers well fed: Bennett 1939.

59 “This epidemic of late blight”: Quoted in Garnett 2021, p. 113.

59 its advantage in food: Trenholm 2012.

60 “We don’t know”: OHECS, vol. 2, p. 270.

60 “This barberry bush”: Quoted in Peterson 2013.

60 “Thousands of bushes”: Stakman 1919, p. 100.

60 “If there was”: OHECS, vol. 7, p. 1345.

61 dozens of flights: Stakman and Christensen 1946; Stakman et al. 1923.

61 the summer of 1915: Meier 1916.

61 spend the afternoon fishing: Haskell and Barss 1939.

62 “The 8 checks”: Meier 1916, p. 151.

62 “This piece of research”: Harvard College 1922, p. 293.

62 “to be of as much service”: Ibid., p. 294.

62 a full-time job: Meier’s positions at USDA are recorded on his service card. Fred C Meier;
Official Personnel Folders-Department of Agriculture; RG 146: Records of the U.S. Civil
Service Commission; National Archives, St. Louis.

62 a PhD at Harvard: Haskell and Barss 1939.
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62 “In March 1918”: Harvard College 1922, p. 293.

62 a watermelon doctor: Ibid., p. 294.

63 Meier’s arrival in Florida: “Man from Department of Agriculture Here to Learn What Ails
Melons.” Miami News, April 8, 1918.

63 “weakling parasite”: Orton and Meier 1922, p. 21.

63 crisscrossed the United States: See, for example, “Nevada Potatoes Win High Praise.” Reno
Gazette-Journal, July 30, 1923; “Plant Pathologist on Tour.” Spokesman-Review, July 12, 1925.
63 traveled more than anyone: FM to W. P. Cox, December 24, 1935. USDA/BPI, RG 33,
Extension Service, Entry PI-83 3, General Correspondence, Box 371.

64 taught fruit inspectors: Haskell and Barss 1939.

64 urged farmers: Meier 1924.

64 go on the radio: Meier 1930.

64 18 million barberry bushes: Meier and Popham 1932.

64 “Excellent progress has been made”: Meier 1933.

64 Meier’s task: Meier 1931.

64 “To an increasing degree”: Meier and Popham 1932.

64 “Too often have farmers”: Meier 1933.

64 Stakman persuaded Meier: Haskell and Barss 1939.

65 charmed his way: Smith 1938.

65 “The crew of the Los Angeles”: Meier 1933.

65 dozens of species: Meier, Stevenson, and Charles 1933.

65 “Judging from our success”: Meier 1933.

66 “ridiculed the idea”: FM to Anne M. Lindbergh, February 23, 1935. CAL/FM.

66 Pan American Airways: Van Vleck 2013.

66 flying boats: C. Lindbergh 1978, p. 108.

66 “girl-meeting project”: Quoted in Friedman 2008, p. 46.

66 Anne Morrow: Lindbergh 1974; Strochlic 2020.

66 “baseball-player type”: Quoted in Hertog 1999, p. 32.

66 disgusting Charles: Horrigan 2002.

67 “I was spellbound”: C. Lindbergh 1978, p. 129.

67 Alexis Carrel: Friedman 2008.

67 “In Carrel”: C. Lindbergh 1978, p. 17.

68 “attempting to build”: Ibid.

68 toward the Arctic: Cochrane 2021.

68 “You could evade”: C. Lindbergh 1978, p. 108-9.

68 A mechanical engineer: A selection of 1934 letters found in CAL Box 46.

68 tolerate no publicity: William Taylor to Henry Wallace, n.d. RG 16, USDA/RSA 16, Entry
PI-191 17, General Correspondence, 1933, Location 170/6/7/5 Box 1748, Aeronautics-
Aeroplanes.
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69 “an extremely simple device”: CL to Arthur Train Jr., May 12, 1938. CAL, Box 36, Folder
1938 May 10-14.

69 “While it is realized”: Henry Wallace to CL, July 5, 1933. USDA/RSA, RG 16, Entry PI- 191
17, General Correspondence, 1933, Location 170/6/7/5.

70 “That dreadful ache”: A. Lindbergh 1974, p. 47.

70 “Very bad for you”: Quoted in Herrmann 1992, p. 130.

70 “The mountains towered”: A. Lindbergh 1934.

71 “This may be sufficient”: Meier 1935, p. 27.

71 “He had a brief”: Quoted in “Lindberghs Safe, No Plane Crash.” Corvallis Gazette-Times,
August 11, 1933.

71 the entrance of Copenhagen Harbor: “Lindberghs Hailed in Danish Capital.” New York Times,
August 27, 1933.

71 “Lindy & Ann Home Again!”: British Pathé 1934.

71 twenty-six slides: “‘Skyhook’ on Lindbergh Plane Traps Spores Menacing Crops.”
Washington Post, December 24, 1934.

71 Civilian Conservation Corps: FM to CL, December 20, 1933. CAL/FM; FM to W. P. Cox,
December 24, 1935. USDA/ES, RG 33, Entry PI-83 3, General Correspondence, Box 371.

Chapter 4: Ethereal Space

72 A Century of Progress International Exposition: Ganz 2008; Rydell 1985.

72 The craft: “Big Balloon Filled for Settle Ascent.” New York Times, August 5, 1933; Science
Service 1933.

72 Léon Teisserenc de Bort: McAdie 1934.

73 cosmic rays: “The Origin of the Cosmic Ray: Science Attacks Basic Problem.” New York
Times, January 10, 1932.

73 Auguste Piccard: “Fails to Ascend into Stratosphere.” New York Times, September 15, 1930;
“Piccard is Safe in Tyrol; Balloon Lands on Glacier After Rise of 52,462 Feet.” New York Times,
May 29, 1931.

73 “Here our ascent”: Piccard 1931.

73 He picked out rust: “Fungus Spores Didn’t Die in the Stratosphere.” Boston Globe, November
28, 1933.

73 a gargantuan jellyfish: Universal Studios 1933.

73 a nearby rail yard: “Flight into Stratosphere Ends Abruptly as Valve Sticks and Releases
Gas.” Chippewa Herald-Telegram, August 5, 1933.

73 Major Chester Fordney: “C. L. Fordney, Shared ‘33 Altitude Record.” New York Times, May
27, 1959.

73 the balloon carried the two men: “Pilots and Planes: Settle’s Balloon Rises Eleven Miles.”
Newsweek 2(17):26.

74 a New Jersey swamp: “Balloon Missing After 11-Mile Rise in Stratosphere.” New York
Times, November 21, 1933.
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74 “The problem was settled”: FM to CL, December 20, 1933. CAL/FM.

74 “It was the first time”: “Fungus Spores Didn’t Die in the Stratosphere.” Boston Globe,
November 28, 1933.

75 “Your slide exposures”: FM to CL, December 20, 1933. CAL/FM.

75 “Definitive evidence has been obtained”: Meier and Lindbergh 1935.

75 “Could you find time”: FM to CL, December 20, 1933. CAL/FM.

75 “We have made”: FM to Anne M. Lindbergh, February 6, 1934. CAL/FM.

76 “A tremendous amount”: FM to M. A. McCall, May 3, 1935. USDA/ES, RG 33, Entry PI-83
3, General Correspondence, Box 293, Folder- Plant Industry, 7-1-34 to 6-30-35.

76 “Adjoining countries may have”: C. W. Warburton, May 29, 1935. Memorandum for Mr. F.
D. Richey. USDA/ES, RG 33, Entry PI-83 3, General Correspondence, Box 293, Folder- Plant
Industry, 7-1-34 to 6-30-35.

76 giant box-shaped kites: National Weather Service n.d.

76 a small fleet of biplanes: Fleming 1996.

76 “that Mr. F. C. Meier shall serve”: Memo to Willis Gregg, August 10, 1934. USDA/WB, RG
27, Entry NC3 50, General Correspondence, 1912-42, Box 3001, Decimal 070.1.

77 Explorer: “The National Geographic Society-U.S. Army Air Corps Stratosphere Flight of
1934 in the Balloon ‘Explorer.”” Natl Geogr Soc Stratosph Ser, vol. 1, 1935.

77 Stratobowl: Kaempffert 1934b; Newcott 2020.

77 burst into vapor: Lyman 1934.

77 “The weather was ideal”’: Quoted in Stevens 1934.

80 “Results were somewhat inconclusive”: Meier 1936b.

80 “All came back”: Stevens 1934.

80 “an unusual botanical collecting trip”: Meier and Lindbergh 1935, p. 5.

80 “A vast unseen world”: “Lindbergh’s Arctic Flight Proved Bacteria Travel in Air Across
Sea.” New York Times, December 24, 1934.

81 “In the brave days”: “Germs and Winds.” New York Times, December 25, 1934.

81 he pitched Lindbergh: FM to Anne M. Lindbergh, February 23, 1935. CAL/FM.

82 “Have told him”: CL to FM, April 22, 1935. CAL, Box 34, Folder: 1935 Jan-Aug.

82 a two-week voyage: FM to M. A. McCall, May 3, 1935. USDA/ES, RG 33, Entry PI-83 3,
General Correspondence, Box 293, Folder- Plant Industry, 7-1-34 to 6-30-35.

83 Bureau of Plant Industry: Stevenson 1954.

83 “As the Bureau considers”: F. D. Richey to C. W. Warburton, May 20, 1935. USDA/ES, RG
33, Entry PI-83 3, General Correspondence, Box 293, Folder- Plant Industry, 7-1-34 to 6-30-35.
83 “at such time”: C. W. Warburton to F. D. Richey, May 29, 1935. USDA/ES, RG 33, Entry PI-
83 3, General Correspondence, Box 293, Folder- Plant Industry, 7-1-34 to 6-30-35.

83 Explorer II: Natl Geogr Soc Stratosph Ser, vol. 2, 1936.

83 Meier constructed quartz tubes: “Double Parachute and Sterile Tube Will Be Used to ‘Fish’
for Spores in Stratosphere Flight.” Weekly Pioneer-Times, April 18, 1935; “Hunt Life in
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Stratosphere.” Sandusky Register, April 12, 1935; “Stratosphere Flying Is Old Story to Tiny
Living Spores.” Rapid City Journal, May 29, 1935.

84 “first attempt to explore”: Rogers and Meier 1936, p. 151.

84 Enterprise: “Trap Perfected to Bag Spores of Plant Disease in Upper Air.” Washington Post,
April 11, 1935.

84 “Camp life, even in heated tents”: Quoted in Stevens 1936.

85 “Plant Diseases Live 13 Miles Up”: New York Times, November 26, 1935.

86 “Perhaps we see from the results”: Rogers and Meier 1936, p. 151.

86 life beyond Earth: “Life Beyond This Earth.” Intelligencer Journal, November 30, 1935.

86 “Scientists have debated”: “New Evidence of Life Upon Planets Bared.” Miami Tribune,
November 26, 1935.

86 a foray over the Caribbean: Meier 1936a.

87 Amelia Earhart: “Earhart Tragedy Research Loss.” Times Colonist, August 7, 1937.

87 Meier’s network: See Moulton 1942 for Proctor, ZoBell, and other early aerobiologists.

87 “the extent to which”: FM to Secretary of Agriculture, October 25, 1937. USDA/RSA, RG
16, Entry PI-191 17, General Correspondence, 1937, Location 170/6/23/3. Box 2528,
Committees.
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313 “If nature were”: Quoted in Bourouiba 2008.

313 the spread of influenza: Bourouiba, Teslya, and Wu 2011.

313 new pictures of sneezes: Lok 2016.

313 tickling their noses: Driscoll and Groskin 2017.

314 “I am definitely”: Quoted in Science Friday 2014.

314 “seems overly simplified”: Bourouiba 2020, p. 1837.

Chapter 15: A State of Preparedness

315 another major speech: Harris 2005a.

315 an even more ambitious plan: U.S. Department of Health and Human Services 2005.
315 “Three years ago”: Bush 2005.

316 “You’ve got to read”: Quoted in Mosk 2020.

316 kill millions of Americans: Harris 2005b.

316 one more form of biological warfare: Rosenthal 2021a.

317 chickens, ducks, and pigs: Davis 2005.

317 the crippling neglect: Weber et al. 2020.

317 inflict more damage: Pear 2005; Stolberg 2002.

317 “The amount of’: Homeland Security Council 2005, p. S4-3.
318 three feet away: Homeland Security Council 2006.

318 an airplane in Alaska: Moser et al. 1979.
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318 “Recommending the use”: Tellier 2006, p. 1660. See also Tang and Li 2007.
318 Tellier’s opponents: Brankston et al. 2007.

318 “Effective aerosol transmission”: Lemieux et al. 2007, p. 173.

319 less than a thousandth: Morse, Garwin, and Olsiewski 2006; Aiello et al. 2010.
319 wearing surgical masks: Cowling et al. 2008; Cowling et al. 2009.

320 cotton lung: Milton 1993.

320 the Polaroid Corporation: Milton, Glencross, and Walters 2000.

320 cold viruses in the air: Myatt et al. 2004.

321 “As perplexing as”: Roy and Milton 2004.

322 Gesundheit II: Gerone et al. 1966; McDevitt et al. 2013.

322 small particles contained: Milton et al. 2013.

322 Gesundheit II hinted: Aiello et al. 2010.

322 two children: Centers for Disease Control and Prevention 2009a.

322 infecting other people: Centers for Disease Control and Prevention 2009c; McNeil 2009.
322 2009 HIN1: Centers for Disease Control and Prevention 2009b; Centers for Disease Control
and Prevention 2010b.

323 Adela Maria Gutiérrez: Lacey and Malkin 2009b.

323 gotten its start: Reimering, Mufloz, and McHardy 2020.

323 Mexico closed schools: Lacey and Malkin 2009a; Lacey and McNeil 2009.
323 Hong Kong: Bradsher 2009.

323 88 percent of people: Lau et al. 2010.

324 “What I knew”’: Obama 2020, p. 385.

324 launched an effort: Centers for Disease Control and Prevention 2007.

324 based on the assumption: Chan 2009.

324 recommended washing hands: Parker-Pope 2009.

324 In hospitals: Centers for Disease Control and Prevention 2010a.

324 85 million N95s: Reinhard and Brown 2020.

324 Joe Biden: Korecki 2020.

324 “a gaffe machine”: Quoted in Saenz 2018.

325 “I wouldn’t go anywhere”: Quoted in Lee and Parnes 2009.

325 “Debate continues about™: Institute of Medicine 2007, p. 46-7.

325 “The vice president’s advice”: Seifman 2009.

326 “We can’t hasten”: Quoted in Branswell 2009.

327 smaller than five microns: See, for example, Wenzel 2003.

328 a quarter of all people: Van Kerkhove et al. 2013.

328 an estimated 203,000: Simonsen et al. 2013.

328 an average year of seasonal flu: Paget et al. 2019.

328 looked back at 2009: Nicoll et al. 2010.

328 ripped through hospitals: Jaeger et al. 2011.

329 accidental needle sticks: Michaels and Barab 2020.
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330 hold a meeting: Snider, Bridges, and Weissman 2010.

330 Mark Loeb: Loeb et al. 2009.

331 spend two days: Killingley et al. 2012.

331 played Monopoly: ICFUST 2023.

331 EMIT ended in disappointment: Nguyen-Van-Tam et al. 2020.

332 “Research over the years”: Seto et al 2013.

332 draw some lessons: World Health Organization 2014b.

332 Saudi Arabia: Zaki et al. 2012.

333 South Korea: Sang-Hun 2015.

333 travel through the air: Kim et al. 2016.

333 “We talked about”: Quoted in Dulaney 2020.

333 The Hot Zone and Outbreak: Smith 2014b.

333 sent letters to newspapers: Land 2014.

333 “We must consider”: Osterholm 2014.

334 publish a web page: Centers for Disease Control and Prevention 2016.

334 “Tony, explain to me”: Quoted in Wilson 2018, p. 124.

334 Ebola never became airborne: Holmes et al. 2016.

334 a pandemic playbook: Diamond and Toosi 2020.

334 “rapid airborne transmission”: National Security Council 2016, p. 30.

334 the Strategic National Stockpile: Frontz 2023; Lovelace, Bauer, and Torres 2022.

335 secure enough money: Torbati and Arnsdorf 2020.

335 replenish the masks: U.S. Senate Committee on Homeland Security & Governmental Affairs
2022.

335 “really stupid”: Quoted in Toosi, Lippman, and Diamond 2020.

335 promptly abandoned it: Mann 2020.

335 fired the pandemic czar: Sun 2018.

335 how long the virus could survive: Yang and Marr 2011; Yang, Elankumaran, and Marr 2011.
336 “How does this community”: Linsey Marr, personal communication, August 26, 2022.
336 a talk at TEDMED: Bourouiba 2018.

336 the Gesundheit II experiment: Yan et al. 2018.

336 A television reporter asked Fauci: Matter of Fact 2018.

337 updated its guidelines: U.S. Department of Health and Human Services 2017.

337 a new pandemic game: Cara 2019; Johns Hopkins Center for Health Security 2019b; Stern
2023.

337 Disease X: Crilly 2018; World Health Organization 2018.

338 Tijuana: Stahl 2020.

339 sewage bacteria in the winds: Pendergraft et al. 2023.
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Chapter 16: Disease X

343 Zhang Jixian: My account of Zhang Jixian is drawn from sources including Global Times
Staff Reporters 2020; Juengling et al. 2020; Li et al. 2020b; McCarthy et al. 2020; Patranobis
2020; Yang 2020; Yuan et al. 2020.

343 something she might have expected: Miiller et al. 2003; Ooi and Daqing 2003.

344 “Something is definitely wrong!”: Quoted in Yang 2024, p. 53.

344 “At the end”: Quoted in Yang 2024, p. 68.

344 “So far the investigation”: Wuhan Municipal Health Commission 2019.

345 infect fourteen people: Buckley et al. 2020.

345 Mr. X: Cheng et al. 2022a; Ou et al. 2022.

346 a crowded restaurant: Lu et al. 2020.

347 “that the virus”: U.S. Senate Committee on Homeland Security & Governmental Affairs
2022, p. 80.

347 a ban on flavored e-cigarettes: Ballhaus and Armour 2020.

347 his well-known germophobia: Guarino 2017; Sharman 2017.

347 “I think it’s”: Lawrence 2005, p. 71.

347 new campaign staffers: Lippman 2019.

347 Anthony Scaramucci: Raskin 2018.

347 the first case: Harmon 2020.

347 “We have it”: Belvedere 2020.

348 “Forget SARS”: Quoted in Covid Crisis Group 2023, p. 88.

348 “We pretty much”: Quoted in Bump 2020.

348 “very tricky”: Quoted in Woodward 2020, p. xix.

348 South Korea: Kim 2020; Shuren and Stenzel 2021.

348 failed spectacularly: Shear et al. 2020.

348 researchers in Germany: Rothe et al. 2020.

348 substantial undocumented infections: Li et al. 2020a.

350 a live press conference: United Nations 2020; World Health Organization 2020b.

351 “Covid-19 is transmitted”: World Health Organization 2020d.

352 “Maintain at least”: World Health Organization 2020a.

352 “I don’t think™: Quoted in Greenfieldboyce 2020.

352 bigger than five microns: Tang et al. 2021.

352 news outlets: Sheikh et al. 2020.

353 Shelly Miller: Hedington 2021; Miller 2002.

353 Lawrence Garbuz: Brody 2021.

353 taking place indoors: Qian et al. 2021.

353 enshrouded diners: Li et al. 2021.

354 fomites were not spreading: See also Goldman 2020.

354 Rick Bright: Bright 2020b; Gibney 2020; U.S. Senate Committee on Homeland Security &
Governmental Affairs 2022.
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354 ten thousand people: Cheung and Lum 2020.

354 “I can’t believe”: Bright 2020a.

354 Americans were buying: Cerullo 2020.

355 “Should you wear”: Cramer and Sheikh 2020. The following day, Mike Ryan echoed
Redfield’s comment at a WHO briefing. “The most important thing everyone can do is wash
your hands, keep your hands away from your face and observe very precise hygiene,” he said.
355 60 Minutes: Farmer 2020.

356 on its website: Centers for Disease Control 2020c.

356 six feet away: Centers for Disease Control 2020b.

356 “Avoid the ‘Three Cs!””: Government of Japan 2020. See also Oshitani 2022.

358 fifteen days: Johnson et al. 2020; Olorunnipa et al. 2020; White House 2020a.

358 700,000 Americans: Frank 2020.

358 John Lowe: Santarpia et al. 2020a; Santarpia et al. 2020b.

359 “consistent with aerosolization”: National Academies of Sciences, Engineering, and
Medicine 2020, p. 38.

359 “I wouldn’t go”’: Quoted in Xia 2020.

360 a warning of her own: Bourouiba 2020.

360 USA Today reported: Culver 2020.

360 “There is a professor”: Garger 2020; U.S. Department of State 2020.

361 John Conly: Blackwell 2021; Miller and Collins 2021.

361 vigorously dismissing airborne infection: Lewis 2020; World Health Organization 2020c.
361 “FACT: #COVID19 is NOT airborne™:
https://twitter.com/WHO/status/1243972193169616898.

362 “Dear Dr. Tedros”: Morawska et al. 2023.

363 “After the call”: Ibid.

363 “A Choir Decided”: Read 2020a.

364 “Skagit County Public Health”: Skagit County 2020a.

364 Nancy Ann Hamilton: Hutchinson 2020; Jones 2020.

364 “Nicki Hamilton loved”: Quoted in Stern 2020.

364 Carole Raec Woodmansee: Macdonald 2020.

365 “The hardest thing”: Quoted in Valdes 2021.

365 “One can only imagine”: Quoted in Tingley 2021.

365 earned the praise: Waldstein 2020.

366 final report: Hamner et al. 2020.

366 a letter cautioning: Skagit County 2020b.

Chapter 17: History Set Us Up

367 discouraged their staffs: Alltucker 2020.

367 “UR WEARING IT”: Quoted in Richtel 2020.
367 brittle rubber bands: Gibney 2020.
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367 “I feel like”: Quoted in Schwirtz 2020.

368 Matthew Pottinger: Birx 2022; Wright 2021.

368 an unexpected new ally: Goodnough and Sheikh 2020; Mandavilli 2020a; Sun and
McGinley 2020.

368 Kirkland: Fields and Hudetz 2020; Hudetz et al. 2020; Kimball et al. 2020.

368 cloth masks: These studies included Davies et al. 2013 and Macintyre et al. 2015.
368 make cloth masks at home: Centers for Disease Control 2020a.

368 “The CDC is recommending”: White House 2020b.

368 “The thinking is”: Quoted in PBS Newshour 2020.

368 “Americans wanted and needed”: Birx 2022, p. 181.

369 “equates wearing a mask”: Quoted in Forgey 2020.

369 “I just don’t want”: Quoted in Victor, Serviss, and Paybarah 2020.

369 “Based on the trend”: Morawska and Cao 2020.

369 Supermarkets: Harris 2020.

369 drift around them: Gnegy-Spencer et al. 2023.

369 Sanjay Gupta: Doherty 2020.

370 “The immensity of such”: “An Incalculable Loss.” New York Times, May 24, 2020.
370 “For society to resume”: Prather et al. 2020.

372 “Transmission of SARS-CoV-2": It would later be published in the journal /ndoor Air as
Miller et al. 2021.

373 the open letter: Morawska and Milton 2020.

373 “We are 100 percent”: Quotes in Read 2020b.

373 brushed off questions: World Health Organization 2020f.

373 “Especially in the last couple”: Quoted in Mandavilli 2020b.

373 “Short-range aerosol transmission”: World Health Organization 2020e.

373 “opinion pieces”: Conly et al. 2020.

374 “This has resulted”: Chagla et al. 2020.

374 Economic inequality: Karnik et al. 2023; Michaels et al. 2024.

374 Meatpacking workers: Kaplan et al. 2020; Klein et al. 2020; Taylor et al. 2020.
375 keep the plants running: Select Subcommittee on the Coronavirus Crisis 2022b.
375 $13,494: Michaels et al. 2024.

375 Americans of color: Bassett 2022; Tai et al. 2021; Zelner et al. 2021.

375 US jails: Chappell 2021.

375 Richard Corsi: Wilke 2022.

376 “We have limited”: Allen and Corsi 2020.

377 a relief bill: Barnum 2022.

377 Adam Rogers: Rogers 2020; Rogers, personal communication.

377 Jim Rosenthal: Jim Rosenthal 2021.

378 the Corsi-Rosenthal box: Reyes 2022; Wolf 2022; Yorio 2022; Zimmer and Veiga 2020.
378 the true totals: Wang et al. 2022.
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379 “I thought, this is insane”: Fauci 2024, p. 396.

379 Scott Atlas: Select Subcommittee on the Coronavirus Crisis 2022a.
379 20 or 25 percent of Americans: Tankersley et al. 2020.

379 “the most amazing”: Quoted in Budryk 2020.

379 “Nobody knows the system”: Trump 2016.

379 Michigan’s state capitol building: Mauger 2020.

379 require masks: Select Subcommittee on the Coronavirus Crisis 2022c.
379 According to Mark Meadows: Pengelly 2021.

379 party at the White House: USA Today Editorial Board 2020.

380 have trouble breathing: Weiland et al. 2021.

380 rushed him to Walter Reed Hospital: Liptak 2020.

380 five hundred people: Parker and Dawsey 2021.

380 “felt like fucking shit”: Quoted in Fauci, p. 403.

380 pulled off his mask: Liptak and Reston 2020.

380 “the now-famous”: Fauci 2020.

380 a virtual performance: Smith 2022.

381 “We don’t know yet”: SVC Vocal Course 2020.

381 a new variant: Sugden and Fidler 2020.

381 Donald Milton investigated Alpha: Adenaiye et al. 2022.

382 “Are you ready?”’: Quoted in Sullivan 2020.

382 a top priority: Biden 2021.

382 Trump also got vaccinated: Haberman 2021.

382 the first 100 million doses: White House 2021b.

383 But critics worried: See, for example, Feldman 2022.

383 drafted a letter: Wood 2021.

383 “Calling the virus”: Marr 2021.

383 a child spread it: Goldberg et al. 2021.

383 “A rigid new standard”: American Hospital Association 2021.

384 Koch'’s postulates: Jefferson et al. 2022.

384 “low quality”: Heneghan et al. 2021.

385 published paeans: Jimenez et al. 2021; Jimenez et al. 2022; Randall et al. 2021.
385 praised him in a feature: Megan Molteni’s 2021 award-winning article first brought the
Wells to worldwide attention, exploring the five-micron confusion.

385 National Public Radio: On the Media 2021.

385 “If you are fully vaccinated”: Quoted in Cohen and Bonifield 2021.
386 “America is headed”: White House 2021a.

386 Provincetown: McKenna 2022a.

386 Walensky reversed: Lovelace 2021.

386 choruses in other countries: These studies include Charlotte 2020 and Reichert et al. 2022.
387 “We choose not”: Stone 2021.
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387 “Current evidence suggests”: Lewis 2022.

388 Donald Milton studied Omicron: Lai et al. 2023; Prillaman 2022.
388 switch from surgical masks: World Health Organization 2021.
388 “More deaths are taking place”: Thrasher 2022.

Chapter 18: A Mark on the Air

390 “SARS-CoV-2 is an airborne virus”: Lazarus et al. 2022. Among other subsequent reviews,
Greenhalgh et al. 2024 concluded that masks can reduce the transmission of SARS-CoV-2.
390 harshest lockdowns: Hessler 2020a; Hessler 2020b.

391 Xi was boasting: Yang 2022a.

391 Shanghai: Yang 2022b.

391 his political doom: Chotiner 2022.

391 “There’s been so many”: Quoted in Kang 2022.

392 2.2 percent of people: Zhang et al. 2023.

392 two million: Xiao et al. 2023.

393 Inflation was the top response: Quinnipiac University Poll 2023.

393 the Economist estimated: Our World in Data 2024.

393 Measles: World Health Organization 2023a.

393 a million people: World Health Organization 2019a.

393 remained about as high: World Health Organization 2023c.

394 even at close range: Klompas and Rhee 2022.

394 a long list of diseases: Tang et al. 2022.

394 can spread outdoors: See, for example, Linsey Marr’s 2022 Jacob Bjerknes Lecture at the
American Geophysical Union: https://assets.agu.org/video/upload/v1670960825/aguorg-
fm22/Tue _E354a 0900_164077_rpwceq.mp4.

394 foot-and-mouth disease: See, for example, Bjornham et al. 2020 and Casal 1995.

395 Valley fever: Goodyear 2014; Head et al. 2022; Jackson et al. 2024; Mead et al. 2022.
395 Other human pathogens: Behzad et al. 2018; Chen et al. 2020; Ma et al. 2017.

395 “I had never experienced”: Kawasaki and Naoe 2014.

395 Kawasaki Disease: Burney et al. 2021.

396 inhale millions of organisms: Prussin et al. 2015; Robinson and Breed 2023.

397 thrive in our airways: Escapa et al. 2018; Hamm et al. 2020; Pérez-Cobas et al. 2023.
397 Pneumocystis jirovecii: Cisse et al. 2024; Gigliotti et al. 2014; Salazar-Hamm et al. 2022.
398 We are responsible: Archer and Ponting 2020.

398 The agricultural revolution: Calvignac-Spencer et al. 2021; Davies-Barrett et al. 2020.
398 Measles viruses: Diix et al. 2020.

399 ancestors of Mycobacterium tuberculosis: Buzic and Giuffra 2020; Pepperell 2022.
399 sub-Saharan Africa: Ngabonziza et al. 2020; Sabin et al. 2020.

399 fed on the amoebae: Hagedorn et al. 2009; Saelens et al. 2022.

399 Tuberculosis spread easily: Brynildsrud et al. 2018.
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400 a billion cows: Ritchie, Rosado, and Roser 2019.

400 more dust: Griffin et al. 2002.

400 doubled the emission of dust: Hooper and Marx 2018; United Nations Environment
Programme 2016.

400 the rise in certain diseases: Bauer and Schwartz 2023.

400 to the clouds: Rossi et al. 2023.

400 700,000 people: Gao et al. 2023.

400 chickens and other livestock grow bigger: Kirchhelle 2018.

401 David Graham: Knapp et al. 2010.

401 looked for them in the air: Gao et al. 2023; George et al. 2022; Jiang et al. 2022; Kormos et
al. 2022; Wu et al. 2022.

401 thirty different kinds of resistance genes: Li et al. 2018.

402 Rusts had been growing: Aime et al. 2018; Duplessis et al. 2021.

402 Bible-era farmers: Kelm and Mazar 1983; Kislev 1982.

403 the Green Revolution: Harwood 2018; Hurt 2020.

403 Ug99: Fetch et al. 2021; Hawkins 2021.

403 “Nobody’s seen an epidemic’: Quoted in Lacey 2005.

403 other resistant rusts: Bhardwaj et al. 2022; Saunders et al. 2019.

403 TKTTF: Prank et al. 2019.

403 spread these rusts farther: Meyer et al. 2017.

403 we would be better off: Aime, personal communication; Kettles and Luna 2019; Lidwell-
Durnin and Lapthorn 2020.

405 inhaling denser clouds: Robinson et al. 2021.

405 a blacktop-covered city: Franchitti et al. 2022; Stewart and Kremer 2021.

405 Martin Breed: Liddicoat et al. 2020.

405 an atmospheric garden: Sun et al. 2023.

406 the Probiotic City: Robinson et al. 2024. See also Robinson and Breed 2024; Matthews et al.
2024.

Epilogue: Happy Birthday, Chita Rivera

407 Club Café: Kearnan 2013; Lopata 2013.

409 “This is not a sprint”: Quoted in Jarmanning and Brown 2020.
409 “Should not air disinfection”: Nardell and Nathavitharana 2020.
409 Over half of the hamsters: Ueckermann et al. 2023.

410 remained widely distanced: Club Café 2020.

410 far-UVC: Bender 2022; Blatchley et al. 2023; Welch et al. 2018.
412 479 millijjoules: International Ultraviolet Association 2021.

412 registered only fifty-three: Nardell et al. 2023.

413 not having much success: Lewis 2023; Mark-Carew et al. 2023; Morawska et al. 2024;
White House 2022.
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