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sources. 
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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 c363 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. 
USDA/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. 
xvii “Suddenly my annoying allergy symptoms”: Cauvel 2020. 
xviii Howard Leibrand: “Local Choir Suffers Devastating Losses.” Skagit Valley Herald, March 
30, 2020. 
xviii “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. 
xxiii 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 Dücker 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 Qusṭā ibn Lūqā: 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: Blažina-Tomić and Blažina 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 “I am truly astonished”: Darwin to Ehrenberg, July 4, 1844. 
https://www.darwinproject.ac.uk/letter/?docId=letters/DCP-LETT-760.xml. 
16 “I will feast”: Ehrenberg to Darwin, July 11, 1844. 
https://www.darwinproject.ac.uk/letter/?docId=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”: Flügge 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.” El 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/?docId=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. 
87 the council agreed: Report of the National Research Council for the Year July 1, 1937 to June 
30, 1938. 1939. USGPO. 
87 “Miss Earhart, in this phase”: Quoted in “Earhart Plane Loss Stays Collection of 
Microorganisms,” Science News, August 9, 1937. 
88 the committee gathered: Committee on Aerial Dissemination of Pathogens and Allergens. 
Minutes of meeting of November 12, 1937. NAS, Meetings: 1937-1938. 
88 Earl McKinley: Karsner 1938; McKinley 1934. 
89 Laboratories for the Study of Air-borne Infection: University of Pennsylvania 1937. 
89 “The Doctors Wells”: Of the two Wellses, it’s worth noting only Mildred was a doctor. 
89 an ambitious plan: Outline for Special Research Project-Six Months Duration-July, August-
1938–March, April, May, June, 1939. Department of Agriculture, Project No. SRF-2-6. 
91 a picture of William Wells: FM to Esmond R. Long, January 4, 1938. NAS, General 1937-
1939. 
 
Chapter 5: A Perfect Cycle 
92 William Firth Wells: Some details of William’s career can be found in Fitzgerald 2003 and 
Fitzgerald 2021. The Commonwealth Fund Archives have a wealth of memos and reports about 
the Wellses that fit together like pieces of an incomplete jigsaw puzzle. 
92 William Sedgwick: Cassedy 1962; Couch 2015. 
92 bad weather: Christison 1846; Cumbler 2001, p. 134; Sedgwick 1902, p. 358. 
92 Salmonella-laced sewage: Sedgwick 1891. 
92 “scare us to death”: Whipple 1921, p. 75. 



AIR-BORNE END NOTES  

 

13 

92 he would still remember: WW to RC, September 14, 1952. CF, Series 13.9, Box 68, Folder 
815. 
92 “He strove to inspire”: WW to Geddes Smith, March 28, 1941. CF, Series 13.9, Box 68, 
Folder 813. 
93 “the most thoughtful”: Sedgwick to CC, October 28, 1902. CC/BU, Box 1, 1901-1913, Folder 
3. 
93 “I consider it”: Sedgwick to CC, April 3, 1913. CC/RI, Box 10, Vol. 10. 
93 “Any thoughtful student”: Sedgwick to CC, October 28, 1902. CC/BU, Box 1, 1901-1913, 
Folder 3. 
93 Greenleaf Tucker: Tucker 1890. 
93 “This is as it should be”: Ibid., p. 84. 
93 a portable kit: WW to BC, March 14, 1954. CF, Series 13.9, Box 68, Folder 816; W. F. Wells 
1918. 
94 low-level jobs: WW to Sedgwick, September 10, 1912. William Sedgwick Papers, Yale 
Manuscripts and Archives, Box 1, Folder 6, Correspondence 1911-1912. 
94 settling in Washington, DC: W. F. Wells 1913. 
94 outbreaks of typhoid fever: Williams 1951, p. 328.  
94 the Potomac River: Cumming 1916. 
94 “Grave danger exists”: “Oysters Under Fire From U.S. Attorney.” Washington Times, 
October 8, 1910, p. 1. 
94 how to purify oysters: W. F. Wells 1916. 
94 “He did excellent work”: Wade H. Frost to Barbara S. Quin, September 11, 1937. CF, Series 
18, Box 269, Folder 2566. 
94 “paranoiac”: Quoted in Lester G. Evans, September 17, 1937. Interview with Earle B. Phelps. 
CF, Series 18, Box 269, Folder 2566. 
94 hired a young doctor: Esmond R. Long, JS, and SM, August 4, 1937. A Project for Further 
Study of the Prevention and Control of Air-Borne Infections. CF, Series 200, Box 20, Folder 
233. 
94 married in a small April ceremony: WW, June 9, 1931. Personal History Record. CF, Series 
200, Box 20, Folder 233; “Society.” Washington Post, April 12, 1917, p. 7. 
94 William Wells Jr.: U.S., Social Security Numerical Identification Files (NUMIDENT), 1936-
2007.  
94 drafted into the army: U.S. World War I Draft Registration Cards, 1917-1918.  
95 hastily threw up camps: Setzekorn 2022. 
95 Scarlet fever, diphtheria, mumps, and measles: Capps 1918a; Capps 1918b. 
95 “special skills in sanitation”: Quoted in Ginn 1997, p. 57. 
95 a reporter visited: “Filtration Plant on Wheels Is New Feature at Meade.” Washington Times, 
July 3, 1918. 
96 Sanitary Corps handbook: Mason 1917. 
96 At Camp Meade: U.S. Army Center of Military History 2017. 



AIR-BORNE END NOTES  

 

14 

96 “massed singing as”: U.S. War Department 1919. 
96 shipped to France: Cable No. 2022, General Headquarters A.E.F., France, 06 October 1918. 
NAID: 209267030. https://catalog.archives.gov/id/209267030. 
96 the 301st Water Tank Train: “Wells, William Firth.” In Who’s Who in New York 1929. New 
York, NY: L. R. Hamersly; Lee 1920. 
96 commanded four hundred twenty men: U.S. Army Corps of Engineers 1920. 
96 a convoy of trucks: Orchard 1919; Pratt 1919. 
96 340,000 were hospitalized: Byerly 2010. 
97 young adults: Wever and van Bergen 2014. 
97 Martha: WW, June 9, 1931. Personal History Record. CF, Series 200, Box 20, Folder 233. 
97 “some generally-diffused poison”: Peacock 1848, p. 106. 
97 Richard Pfeiffer: Pinkowski 2022. 
97 “I consider myself”: Pfeiffer 1892, p. 128. 
97 “the bacillus influenza of Pfeiffer”: Quoted in “Government Seeks to Check Influenza.” 
Providence Journal, September 14, 1918. 
97 Charles Chapin: DeCesare n.d.; Navarro and Markel 2016. 
97 “The air has no part”: Chapin 1914, p. 428. 
97 “Influenza is chiefly sprayed”: Quoted in “How to Keep from Getting Influenza.” Providence 
Sunday Journal, October 6, 1918. 
98 “One may fool”: Chapin 1919, p. 785. 
98 going out in public: French 2020; Markel et al. 2007. 
98 an inhaled form of plague: “Inside Harbin Plague Hospital Whence No Patient Comes Alive.” 
Times-Democrat, May 14, 1911. 
98 Wu Lien-teh: Flohr 1996; Lynteris 2018; Wu 1926; Wu 1959. 
98 “Otherwise, the germs present”: Wu 1959, p. 21. 
98 Wu was hailed: Great Britain Parliament House of Commons 1911. 
99 Only after the epidemic: Strong, Petrie, and Stanley 1912. 
99 “Their use during”: Barber and Teague 1912, p. 268. 
99 “The mask not only protects”: Weaver 1918, p. 78. 
99 without any hard data: Nakayama 2020; Tomes 2010. 
99 “The evidence before”: “A Working Program Against Influenza Prepared by an Editorial 
Committee of the American Public Health Association.” 1919. Am J Public Health 9:1-13. 
99 “During the compulsory”: Kellogg 1919, p. 12. 
100 spent the winter: “Society.” Austin American-Statesman, October 23, 1918. 
100 “the failure of public health”: WW, n.d. Author’s Questionnaire. CF, Series 13.9, Box 68, 
Folder 821. 
100 returned to saving oysters: W. F. Wells 1920. 
100 twentieth-century pollution: Nelson 1957. 
101 a long, spectacular history: Nigro 2011. 
101 “Oyster culture, the most valuable fishery”: W. F. Wells 1922, p. 42. 



AIR-BORNE END NOTES  

 

15 

101 “I was completely stumped”: Quoted in Borland 1922. 
101 millions of oysters: Pope 1924. 
101 “I have had to be”: Quoted in “How to Raise a Large Family.” Suffolk County News, August 
20, 1920. 
102 “eating with obvious gusto”: “The Sad Story of a Social Downfall.” St. Louis Post-Dispatch, 
February 15, 1925. 
102 artificially propagated oysters: “‘Synthetic’ Oysters Served to Diners.” New York Times, 
October 2, 1925; Haskin 1926. 
102 “Artificial oysters!”: “Artificial Oysters.” Pittsburgh Gazette, December 25, 1924. 
102 “The super oyster”: “Super-Oyster Is on Its Way to Dinner Table: Bigger and Better Bivalve 
Sports Pedigree.” Hartford Courant, March 27, 1927. 
102 filled an auditorium: “The Birth of an Oyster Makes a Good Movie Show.” Patchogue 
Advance, February 25, 1927. 
102 consulting for the city of New York: Johns Hopkins University Individual Record Card for 
Faculty Members.  
103 shellfish biologists: Timmons et al. 2004. 
103 “Mildred has a widespread reputation”: University of Texas 1915, p. 349.  
103 beat a newspaper editor: “Raising Cain.” Austin American-Statesman, March 11, 1885. 
104 Weeks was arrested: “An Arrest Made.” Galveston Daily News, December 18, 1889. 
104 “that he believed”: “W. F. Weeks: Former Stewart at the Insane Asylum, Arrested by Sheriff 
White.” Austin American-Statesman, December 19, 1889. 
104 The case was dismissed: “Wouldn’t Hold Water.” Austin American-Statesman, April 2, 
1890. 
104 the care of her parents: “Mrs. Margaret Hester Denton.” Austin American-Statesman, March 
16, 1921. 
104 Her obituary: “Death of Mrs. Alice Denton Weeks.” Austin American-Statesman, October 6, 
1901. 
104 “housework”: 1925 Census Record, New York. familysearch.com. 
104 “After the business meeting”: “Town Talk.” Suffolk County News, October 26, 1928. 
105 Bud: ER and RR, n.d. “Biography of the Riley Family.” RRP, Box 4. 
105 “confined at home”: Quoted in Lester G. Evans, September 13, 1937. 3101 University of 
Pennsylvania—Study of the Prevention and Control of Air-Borne Infections. CF, Series 18, Box 
269, Folder 2566. 
105 an apartment in Harlem: WW, June 9, 1931. Personal History Record. CF, Series 200, Box 
20, Folder 233. 
105 International Committee for the Study of Infantile Paralysis: Wilson 2015. 
105 a polio detective: Thorne 1923. 
105 review all the published research: “Four Years Survey of Infantile Paralysis Throws New 
Light on This Scourge of Childhood.” Brooklyn Daily Eagle, January 29, 1933. 
105 “The medical profession”: “Studying Child Paralysis.” New York Times, August 5, 1899. 



AIR-BORNE END NOTES  

 

16 

105 Karl Landsteiner and Erwin Popper: Kristensson 1999. 
105 “The lack of obvious connection”: Milbank 1932, p. 370. 
105 “does not behave”: Ibid., p. 444. 
106 “Absence of infection”: Chapin 1914, p. 428. 
106 “the various air-borne”: Milbank 1932, p. 447. 
106 “It is conveyed”: Ibid., p. 442. 
106 “It is interesting”: “Review of Poliomyelitis.” 1933. N Engl J Med 208(11):616-7. 
106 “No new conclusions”: “Notices of Recent Publications.” 1933. Brain 55(4):604-8. 
107 an instructor in sanitary science: W. F. Wells 1934a. 
107 twenty-five hundred dollars: WW, June 9, 1931. Personal History Record. CF, Series 200, 
Box 20, Folder 233. 
107 A colleague at Harvard: Lester G. Evans, September 13, 1937. 3101 University of 
Pennsylvania—Study of the Prevention and Control of Air-Borne Infections. CF, Series 18, Box 
269, Folder 2566. 
107 “This slender, middle-aged man”: E. Riley 1980a, p. 81. 
107 “He has given”: Wilson Smillie to John A. Ferrell, May 28, 1931. CF, Series 200, Box 20, 
Folder 233. 
107 Wilson Smillie: “Dr. Wilson G. Smillie, a Leader in Public Health, Is Dead at 84.” New York 
Times, August 6, 1971. 
107 peculiar: Lester G. Evans, September 7, 1937. Memo to Miss Quinn. CF, Series 18, Box 
269, Folder 2566. 
107 walking in the path: WW to Geddes Smith, March 28, 1941. CF, Series 13.9, Box 68, Folder 
813. 
107 Gordon Fair: “Prof. G. M. Fair of Harvard Dies.” New York Times, February 13, 1970. 
108 metal fume fever: Drinker and Hatch 1936. 
108 the humidity in hospitals: Blackfan, Yaglou, and Wyman 1933. 
108 an old pen-and-ink picture: WW to CW, March 22, 1945. CWP. 
108 an air centrifuge: Drinker and Wells 1934; W. F. Wells 1933. 
109 alpha streptococci: Grinnell 1928. 
109 “He won”: EW to RH, May 6, 1947. CF, Series 18, Box 270, Folder 2577. 
109 Edwin Wilson: “Dr. Edwin B. Wilson, Taught at Harvard.” New York Times, December 29, 
1964. 
109 Edward Riley: E. Riley 1980a; ER, June 5, 1994. “More biography.” RRP, Box 4; ER and 
RR, n.d. “Biography of the Riley Family.” RRP, Box 4. 
109 a surge of E. coli: W. F. Wells 1935. 
110 The Commonwealth of Massachusetts: Massachusetts Department of Public Health 1935; 
Wells and Riley 1937. 
110 make the air humid: Thompson 1924. 
110 “a wizard whom”: R. Riley 1957, p. 931. 
111 test poison gas: W. F. Wells 1955. 



AIR-BORNE END NOTES  

 

17 

111 some remnants survived: W. F. Wells 1934a. 
111 credit Richard Riley: W. F. Wells 1955, p. viii. 
111 “The contrast between”: Ibid., p. vii. 
111 his first public talk: W. F. Wells 1934b. 
111 “It appears”: W. F. Wells 1934a. 
112 a chilly day in late 1934: Neither Wells nor Richard Riley provided the exact date for this 
demonstration. However, we know that Riley, who assisted Wells and recorded the results, 
joined him in 1934. The first reference I find to this prank is in a February 19, 1935 letter to 
Charles-Edward Amory Wilson. Discussing a newly published paper, he says that he continued 
the work and obtained interesting results, including the surveys of the lecture hall, clinics, and so 
on. In his own report, Riley writes that the sneezing powder experiment took place when the 
weather was cold. It is reasonable to conclude that the experiment took place in late 1934. See 
WW to CW, February 19, 1935. CWP; RR, 1937. “A Comparative Study of Streptococcus 
viridans Isolated from Room Air and From the Normal Nasopharynx.” RRP, Box 1. 
112 “This is the type”: Esmond R. Long, JS, and SM, August 4, 1937. A Project for Further 
Study of the Prevention and Control of Air-Borne Infections. CF, Series 200, Box 20, Folder 
233. 
112 “A practical joke”: Wells and Wells 1936, p. 1701. 
113 “‘Air-borne infection’ might revive”: Ibid., p. 1702. 
114 As a couple: W. Frank Walker to Barbara S. Quin, September 27, 1937. CF, Series 18, Box 
269, Folder 2566. 
114 Mildred gained a reputation: Lester G. Evans. 1937. 3101 University of Pennsylvania—
Study of the Prevention and Control of Air-Borne Infections. CF, Series 18, Box 269, Folder 
2566. 
114 how long bacteria could stay alive: W. F. Wells 1934b; Wells and Stone 1934. 
114 In New York City: Pincus and Stern 1937. 
114 thirty-six thousand cubic feet of air: Buchbinder, Solowey, and Solotorovsky 1938. 
115 “the most prevalent”: Rosenau 1935, p. 1. 
115 “The hazard is much less”: Ibid., p. 917. 
115 “If, on the contrary”: Wells and Wells 1936, p. 1703.  
115 half an hour: Labadie et al. 2020; Wells and Brown 1936. 
116 “The complacency of those”: WW to RC, February 10, 1958. CF, Series 13.9, Box 68, 
Folder 818. 
116 “shatter this comforting doctrine”: Kaempffert 1934a. 
116 “Germs and Winds”: New York Times, December 25, 1934. 
116 reveal the same living atmosphere: Wells and Fair 1935. 
117 “The indoor air”: WW to BC, July 20, 1954. CF, Series 13.9, Box 68, Folder 821. 
117 mercury lamps: Fair 1920; Fair 1963. 
117 None developed the flu: “Ultra-Violet Rays Free Air of Germs.” New York Times, 
September 20, 1935. 



AIR-BORNE END NOTES  

 

18 

117 Charles McKhann: McKhann, Steeger, and Long 1938. 
117 Infants’ Hospital: Del Mundo and McKhann 1941; Reed 2010. 
117 Joseph Stokes: “Joseph Stokes, 76, Pediatrician, Dies.” New York Times, March 12, 1972. 
117 ultraviolet lights in doorways: Wells et al. 1940. 
117 The Pullman Company: Lester G. Evans, 1937. Interviews with Joseph Stokes, Esmond R. 
Long, SM, Mr. and Mrs. Wells, and Charles McKhann. CF, Series 18, Box 269, Folder 2566. 
117 the Bangor and Aroostook line: SM to Barry C. Smith, December 20, 1937. CF, Series 18, 
Box 269, Folder 2566. 
118 “Ultra Violet Air Dooms Germs”: Times Union, September 20, 1935.  
118 “Scientists Fight Flu Germs With Violet Ray”: Decatur Daily Review, July 30, 1936. See 
also “Light on Influenza.” New York Times, July 23, 1936. 
118 “In time the lamps”: “Bacteriology: Researchers Measure Light’s Antiseptic Power.” 
Newsweek, September 28, 1935, p. 17. 
118 “Chief among his aids”: “Scientists Turn to Schools in Fight on Infections in Air.” South 
Bend Tribune, June 25, 1937. 
118 “In his fast scientific stride”: “Medicine: Light on Disease.” Time, August 3, 1936. 
118 an enormous gathering: Harvard School of Public Health 1937. 
118 “the intellectual center”: “World Scholars to Honor Harvard.” New York Times, August 30, 
1936. 
118 publish the speech: Wells and Wells 1936. 
119 “The growth of these ideas”: WW to CW, September 30, 1936. CWP. 
119 seems to have started: Lester G. Evans, 1937. Interviews with Joseph Stokes, Esmond R. 
Long, SM, Mr. and Mrs. Wells, and Charles McKhann. CF, Series 18, Box 269, Folder 2566. 
120 share a patent: Fair and Wells 1937. 
120 none of their colleagues: SM to Barry C. Smith, August 4, 1937. Memorandum: Telephone 
conversation with Dr. Alfred N. Richards, June 29, 1937. CF, Series 200, Box 20, Folder 233. 
120 “has his feet”: Wade H. Frost to Barbara S. Quin, September 11, 1937. CF, Series 18, Box 
269, Folder 2566. 
120 Mildred carried out: W. Frank Walker to Barbara S. Quin, September 27, 1937. CF, Series 
18, Box 269, Folder 2566.  
120 “I had an extraordinary amount”: JS to Cretyl Mills, December 14, 1964. APS/JS. 
121 Henry Phipps Institute: McBride 1987. 
121 the three men agreed: Memorandum: Telephone conversation with Dr. Alfred N. Richards. 
June 15, 1937. CF, Series 200, Box 20, Folder 233. 
121 “have all had”: SM to Barry C. Smith, August 4, 1937. CF, Series 200, Box 20, Folder 233. 
121 “there is a brilliant”: RH, August 16, 1941. Visit to project. CF, Series 18, Box 269, Folder 
2573. 
121 “So far as”: MW to SM, September 10, 1937. CF, Series 18, Box 269, Folder 2566. 
122 September 22, 1937: SM to Barbara S. Quin, September 22, 1937. CF, Series 18, Box 269, 
Folder 2566. 



AIR-BORNE END NOTES  

 

19 

122 entirely convinced of their theory: RH, August 14-16, 1941. Visit to project. CF, Series 18, 
Box 269, Folder 2571. 
122 “I am afraid”: MW to CW, May 19, 1938. CWP. 
122 a new kind of chamber: W. F. Wells 1940. 
122 the Infection Machine: “A Robot That Sneezes Microbes.” Tennessean, March 10, 1940; 
Shaltz 1941. 
123 introducing the Wellses: RH, May 18, 1945. Summary memorandum. CF, Series 18, Box 
270, Folder 2581. 
123 Germantown Friends School: https://www.germantownfriends.org/about-us/history-timeline. 
123 “Pupils come to this school”: Wilder 1935, p. 199.  
123 The Wellses expected: RH, May 19, 1943. Summary memorandum. CF, Series 18, Box 270, 
Folder 2575. 
123 “Black Light Kills ‘Flying’ Germs”: Spencer 1938. 
 
Chapter 6: The Scattered Workers 
125 “The Hawaii Clipper”: “‘Mercy’ Flight for PAA Plane.” Honolulu Star-Bulletin, July 23, 
1938. 
125 “Fred had left Washington”: Haskell and Barss 1939, p. 293. 
126 “ARRIVED HONOLULU 7MORNING”: Memorandum Regarding Mr. Fred C. Meier. U.S. 
Department of Agriculture, September 10, 1938. NAL Special Collections, USDA Historical 
Collection. 
126 thirteen hundred miles west: Geoghegan 2017. 
126 “Stand by for one minute”: Quoted in Civil Aeronautics Authority 1938. 
126 dispatched a fleet: Wilkins 1938. 
127 The crisis: Coverage of Meier’s disappearance included “Lost Clipper Third Major South 
Sea Aerial Mishap,” San Francisco Examiner, July 30, 1938; “Two Scientists Sought More Data 
on Flight.” Baltimore Sun, July 30, 1938. 
127 “The present problem”: “Distinguished Men on Board Clipper.” New York Times, July 30, 
1938. 
127 “Strangely enough, Dr. Meier”: “Cling to Hope: D.C. Men Alive.” Evening Star, July 30, 
1938. 
127 “The loss to our Committee”: Coker to Committee on Aerobiology. August 8, 1938. NAS, 
Death of Chairman 1938. 
128 “Fantastic tales are being passed”: Mallon 1938. 
128 “He has of course”: Albert L. Barrows to Esmond R. Long, September 13, 1938. NAS, 
Chairman Death 1938. 
128 Karl Compton: Albert L. Barrows to Karl T. Compton, October 3, 1938. NAS, Chairman 
Death 1938. 
128 “I think probably”: National Research Council Division of Biology and Agriculture 
Committee on Aerobiology. Minutes of meeting, October 1, 1938. NAS, Meetings: 1937-1938. 



AIR-BORNE END NOTES  

 

20 

129 “Pending the discovery”: Civil Aeronautics Authority 1938. 
129 “If it had to be”: Smith 1938, p. 233. 
129 the martyr of aerobiology: Gregory 1961. 
130 “if anything of value”: E. C. Auchter to R. E. Coker, October 5, 1938. USDA/BPI, RG 54, 
Entry PI-66 167, General Correspondence of the Chief, 1908-39, Box 822, File 31754. 
130 “We are existing”: National Research Council Division of Biology and Agriculture 
Committee on Aerobiology 1938. 
130 organizing a symposium: Moulton 1941. 
130 Aerobiology: Moulton 1942. 
130 R. C. McLean: McLean 1915; McLean 1935. 
131 “not quite the book”: McLean 1943, p. 258. 
 
Chapter 7: War at Home  
135 many in his audiences were unimpressed: RH, August 16, 1940. Visit to project. CF, Series 
18, Box 269, Folder 2571. 
135 “Misunderstanding, or even misrepresentation”: WW and MW, August 1940. Annual 
Report, August 1, 1939-July 31, 1940. CF, Series 18, Box 271, Folder 2584. 
136 Friedrich Weyrauch: Klee 2001; Klimpel 2005. 
136 mysteriously immune: Schütz 2020. 
136 This racist myth: Weindling 2000. 
136 Hygiene Institute: Weindling 2015. 
136 Weyrauch’s close friend: Mrugowsky was Weyrauch’s daughter’s godfather. Klimpel 2005. 
136 Buchenwald: Steinbacher 2010. 
137 “It is often forgotten”: Weyrauch and Rzymkowski 1938. 
137 “A large part”: “Nobel Prize Laureates.” https://www.zeiss.com/microscopy/en/about-
us/nobel-prizes.html. 
137 Johannes Rzymkowski: DigiPortA. http://www.digiporta.net/index.php?id=994933857. 
137 “In general, the droplets sink”: Weyrauch and Rzymkowski 1938. 
138 “We immediately recognized”: W. F. Wells 1955, p. 4. 
138 Mildred promptly wrote: WW to BC, January 28, 1953. CF, Series 13.9, Box 68, Folder 815. 
138 “Infection of Air”: Wells, Wells, and Mudd 1939. 
138 “With our disclosure”: WW to BC, June 24, 1953. CF, Series 13.9, Box 68, Folder 816. 
139 old scientific questions: Jennison 1934; Jennison 1935. 
139 Harold Edgerton: Edgerton and Killian 1979. 
139 a steamer clam: Jennison and Bunker 1934. 
139 saw another opportunity: Marshall Jennison, June 14, 1940. Infection of Air by Sneezing. 
CF, Series 13.9, Box 68, Folder 819. 
139 The images: Jennison 1941; Jennison and Edgerton 1940; Turner, Jennison, and Edgerton 
1941. 



AIR-BORNE END NOTES  

 

21 

140 “The muzzle velocity”: Marshall Jennison, June 14, 1940. Infection of Air by Sneezing. CF, 
Series 13.9, Box 68, Folder 819. 
140 “proof of air-borne”: Moulton 1942, p. 125. 
140 “This Is Nothing to Sneeze At”: Plain Speaker, April 19, 1940. 
141 “Here for the first time”: RH, May 4-5, 1939. Visit of Mr. Geddes Smith and Dr. Heffron to 
Dr. Mudd and the Wells. CF, Series 18, Box 269, Folder 2569. 
141 a shy, mouselike man: RH, September 15, 1938. Meeting with Drs. Mudd, Long, and 
Stokes. CF, Series 18, Box 269, Folder 2568. 
141 the natural way: Shaltz 1941. 
141 took longer to die: University of Pennsylvania 1939; Lurie 1964; Wells and Lurie 1941. 
141 “Now we have”: Quoted in Shaltz 1941. 
141 Werner Henle: Wells and Henle 1941. 
142 delighted with the results: RH, August 23, 1939. Interview with Dr. Esmond R. Long. CF, 
Series 18, Box 269, Folder 2569. 
142 “The Wells themselves”: RH, August 14-16, 1941. Visit to project. CF, Series 18, Box 269, 
Folder 2571. 
142 maddened other scientists: Alfred N. Richards to RH, July 31, 1940. CF, Series 18, Box 269, 
Folder 2571. 
142 “Among Mr. Wells’ gifts”: SM to RH, August 23, 1939. CF, Series 18, Box 269, Folder 
2569. 
142 “Wells is a queer dick”: Alfred N. Richards to Barbara S. Quin, May 25, 1940. CF, Series 
18, Box 269, Folder 2571. 
142 got into fights: SM to Barbara S. Quin, September 26, 1939. CF, Series 18, Box 269, Folder 
2570. 
142 rein in their spending: Barbara S. Quin to Alfred N. Richards, June 14-15, 1942. CF, Series 
18, Box 270, Folder 2581. 
142 “I cannot overlook”: WW to SM, January 17, 1940. CF, Series 18, Box 270, Folder 2580. 
142 “Creative workers in any field”: SM, August 3, 1938. Report of the Laboratories for the 
Study of Air-Borne Infection, 1937-1938. CF, Series 18, Box 269, Folder 2567. 
142 director: SM to WW, September 26, 1939. CF, Series 18, Box 269, Folder 2570. 
142 accused their patrons: Alfred N. Richards to Barbara S. Quin, May 25, 1940. CF, Series 18, 
Box 269, Folder 2571. 
143 Mildred scanned: RH, August 15-17, 1939. Visit to Philadelphia. CF, Series 18, Box 269, 
Folder 2569. 
143 Swarthmore: “Try New Project at Swarthmore.” Delaware County Daily Times, July 20, 
1940. 
143 “Probably no contagious disease”: Wells, Wells, and Wilder 1942, p. 105. 
143 “No more severe test”: WW to RH, April 12, 1940. CF, Series 18, Box 269, Folder 2571. 
144 about ten thousand died: Rosenau 1935. 
144 bacteria or viruses: Enders 1940. 



AIR-BORNE END NOTES  

 

22 

144 “Many parents have gotten”: Dafoe 1941. 
144 the biggest wave: M. W. Wells 1942. 
144 added up the cases: WW and MW, August 5, 1941. Fourth Annual Report, October 1, 1940-
July 31, 1941. CF, Series 18, Box 269, Folder 2573. 
144 the difference was even starker: W. F. Wells 1943. 
145 Newspapers celebrated the results: Neff 1942. 
145 “perfectly extraordinary”: RH, August 16, 1941. Visit to project. CF, Series 18, Box 269, 
Folder 2573. 
145 “proved as conclusively”: EW to Alfred N. Richards, August 19, 1941. CF, Series 18, Box 
269, Folder 2573. 
145 “I have been”: WW to CW, October 28, 1941. CWP. 
145 a cluster of papers: W. F. Wells 1942; W. F. Wells 1943; Wells, Wells, and Wilder 1942. 
145 “This was more”: R. Riley 1980a. 
145 Ronald Hare: Hare 1940. 
146 “There is reason”: Ibid., p. 540. 
146 “reign of terror”: Quoted in Glass 2018. 
146 “an honor which”: CL to Herman Goering, October 25, 1938. CAL, Box 37, Folder: 1938 
Oct 8-31. 
146 “I feel that”: CL to General Erhard Milch, February 14, 1939. CAL, Box 37, Folder: 1939 
Feb 11-28. 
147 “A general European war”: CL to Joseph P. Kennedy, September 22, 1938. CAL, Box 37, 
Folder: 1938 Sep. 
147 “It is time”: Lindbergh 1939, p. 67. 
147 Roosevelt lashed out: “Copperhead Label: Lindbergh Speech Stirs FDR and Flier Resigns 
Commission.” Newsweek, May 5, 1941. 
147 expanding the US Army: Huston 1968. 
147 “Casualties from respiratory disease”: WW and MW, August 1940. Annual Report, August 
1, 1939-July 31, 1940. CF, Series 18, Box 271, Folder 2584. 
147 “This, of course”: SM to Barbara S. Quin, July 30, 1940. CF, Series 18, Box 269, Folder 
2571. 
147 infectious disease experts: Woodward 1990. 
148 “Dr. Wells feels”: Science Service 1940. 
148 some powerful allies: “Pennsylvania Men Hold Key Medical Posts in Defense Program.” 
Pennsylvania Gazette 40(3):80-1. 
148 Arthur Hitchens: Hitchens 1941; Stafford 1941. 
148 Speaking at the annual meeting: Hitchens 1940. 
148 “We may expect”: “Present War May Bring Conquest of Influenza.” York Daily Record, 
October 27, 1939. 
148 “The larger the experiment”: WW, August 14, 1941. Memorandum on Environmental 
Control of Epidemic Disease in the Army. CF, Series 18, Box 269, Folder 2573. 



AIR-BORNE END NOTES  

 

23 

148 “It might be that”: WW and MW, August 5, 1941. Fourth Annual Report, October 1, 1940-
July 31, 1941. CF, Series 18, Box 269, Folder 2573. 
148 Oswald Robertson: “Dr. O. H. Robertson, Medical Pioneer.” New York Times, March 25, 
1966; Robertson 1943. 
148 ethylene glycol: Robertson et al. 1941a; Robertson et al. 1941b. 
148 was left seething: WW to RH, September 24, 1942. CF, Series 18, Box 270, Folder 2574; 
WW to RH, October 1, 1942. CF, Series 18, Box 270, Folder 2574. 
149 not a penny: WW to RH, June 10, 1942. CF, Series 18, Box 270, Folder 2574. 
149 “We wasted much time”: WW and MW, April 22, 1943. Progress Report, October 1, 1940-
April 15, 1943. CF, Series 18, Box 270, Folder 2575. 
149 Hugely disappointed: RH, July 13-15, 1942. Visit to project. CF, Series 18, Box 270, Folder 
2574. 
149 “An epidemic of respiratory contagion”: WW to RH, June 10, 1942. CF, Series 18, Box 270, 
Folder 2574. 
149 a short manual: RH, August 15-17, 1939. Visit to Philadelphia. CF, Series 18, Box 269, 
Folder 2569. 
149 stick to their research: RH, August 16, 1940. Visit to project. CF, Series 18, Box 269, Folder 
2571. 
149 look over crude drafts: RH, August 14-16, 1941. Memorandum. CF, Series 13.9, Box 68, 
Folder 813. 
149 “Frankly I’m afraid”: Geddes Smith to Barry C. Smith, October 1, 1942. CF, Series 13.9, 
Box 68, Folder 813. 
149 an explosive outbreak of mumps: WW to RH, September 24, 1942. CF, Series 18, Box 270, 
Folder 2574. 
150 three times deadlier: RH, May 19, 1943. Summary memorandum. CF, Series 18, Box 270, 
Folder 2575. 
150 seasonal ebbs and flows: M. W. Wells 1944. 
150 “My own feeling”: MW to EW, September 2, 1943. EWP. 
150 “I am, of course”: MW to EW, August 16, 1943. EWP. 
151 Lurie refused: RH, April 14, 1942. Telephone conversation with Dr. Long. CF, Series 18, 
Box 270, Folder 2574. 
151 started to wonder: RH, March 15, 1943. Interview with Dr. Alfred N. Richards. CF, Series 
18, Box 270, Folder 2575.  
151 a new principal: RH, May 18, 1945. Summary memorandum. CF, Series 18, Box 270, 
Folder 2581. 
151 had been skeptical: RH, August 16, 1941. Visit to project. CF, Series 18, Box 269, Folder 
2573. 
151 as a luxury: RH to Barry C. Smith, March 24, 1943. Memorandum. CF, Series 18, Box 270, 
Folder 2575. 
151 “It may take”: EW to RH, May 13, 1943. CF, Series 18, Box 270, Folder 2575. 



AIR-BORNE END NOTES  

 

24 

151 They started to argue: RH, March 15, 1943. Interview with Dr. Alfred N. Richards. CF, 
Series 18, Box 270, Folder 2575. 
152 A glowing Saturday Evening Post feature: Spencer 1946. 
152 “domestic crisis”: RH, May 18, 1945. Summary memorandum. CF, Series 18, Box 270, 
Folder 2581. 
152 create a bigger shield: MW to EW, November 3, 1943. EWP. 
152 “Rightly or wrongly”: MW to EW, October 6, 1944. EWP. 
152 “The studies have”: Ibid.  
153 “in order to”: RH, July 12, 1944. Memorandum of visit. CF, Series 18, Box 270, Folder 
2576. 
153 “We have a better set”: EW to RH, May 12, 1944. CF, Series 18, Box 270, Folder 2576. 
153 measles and chicken pox: M. W. Wells 1944. 
153 “I think it is one”: CW to MW, January 26, 1945. CWP. 
153 “Will and I”: MW to EW, October 6, 1944. EWP. 
153 the final analysis: M. W. Wells 1945. 
154 ended up the hero: Kaempffert 1944. 
154 “The question is more than”: MW to Theodore Wilder, October 11, 1944. 3558 University 
of Pennsylvania. CF, Series 18, Box 270, Folder 2576. 
155 “Many of the points”: WW to Geddes Smith, October 9, 1944. 3558 University of 
Pennsylvania. CF, Series 18, Box 270, Folder 2576. 
155 how they sprayed barracks: Bigg, Jennings, and Olson 1945. 
155 11 percent: Wheeler et al. 1945. 
155 Alexander Hollaender: Rader 2006. 
155 “The mingling of sailors”: WW, August 18, 1944. Report of Laboratories for the Study of 
Air-Borne Infection, 1943-1944. CF, Series 18, Box 271, Folder 2587. 
156 “Germ-killing ultraviolet light”: Science Service 1944. 
156 “In view of the fact”: Wheeler et al. 1945, p. 468. 
156 In a 1944 study: Robertson, Hamburger, and Loosli 1944. 
156 applying mineral oil: RH, May 18, 1945. Summary memorandum. CF, Series 18, Box 270, 
Folder 2581; Wolman et al. 1947. 
156 “Such a cloud”: WW, April 2, 1947. A Report of the Laboratories for the Study of Air-
Borne Infection, April 15, 1945-April 7, 1947. CF, Series 18, Box 270, Folder 2577. 
156 “Oiling of floors”: U.S. Army Medical Department 1955, p. 72. 
157 “I envy your great opportunity”: WW to OR, December 19, 1944. APS/OR. 
157 influenza vaccine: Hoyt 2006. 
157 James Perkins: Perkins, Bahlke, and Silverman 1947. 
157 a visionary: James Perkins to Geddes Smith, June 8, 1951. CF, Series 13.9, Box 68, Folder 
814. 
157 “Only the Wells”: James Perkins to William Holla, March 12, 1946. CF, Series 18, Box 270, 
Folder 2576. 



AIR-BORNE END NOTES  

 

25 

158 “I think it would go”: WW to CW, April 10, 1945. CWP. 
158 students were easy prey: RR, n.d. “UV Irradiation of Infected Air: Review of Experience in 
the United States (lecture manuscript).” RRP, Box 1. 
158 “It is not to be construed”: Perkins, Bahlke, and Silverman 1947. 
158 “The striking success”: “The Control of Air-Borne Infection.” Br Med J 2(4482):820-1. 
doi:10.1136/bmj.2.4482.820. 
159 “Unless extremely violent”: Hare and Mackenzie 1946, p. 867. 
159 “ravages of misinterpretation”: WW to RH, October 25, 1945. CF, Series 18, Box 270, 
Folder 2576. 
159 a new committee: Langmuir et al. 1950; Perkins 1945. 
159 Oswald Robertson: RH, May 9, 1947. Interview with Drs. Kenneth Maxie and Oswald H. 
Robertson. CF, Series 18, Box 270, Folder 2577. 
159 Alexander Langmuir: RH, May 2, 1947. Interview with Dr. Alexander Langmuir. CF, Series 
18, Box 270, Folder 2577. 
159 “He has now fallen”: RH, June 12, 1947. 3765 University of Pennsylvania—Study of the 
Prevention and Control of Air-borne Infections. CF, Series 18, Box 270, Folder 2577. 
159 “I don’t understand”: EW to RH, May 11, 1945. CF, Series 18, Box 270, Folder 2581. 
159 “The split-up between”: RH, May 9, 1947. Interview with Drs. Kenneth Maxie and Oswald 
H. Robertson. CF, Series 18, Box 270, Folder 2577. 
160 some of his most important research: W. F. Wells 1948; W. F. Wells et al. 1948. 
160 Herbert Ratcliffe: Ratcliffe 1946. 
160 create them in two sizes: RH, May 18, 1945. Summary memorandum. CF, Series 18, Box 
270, Folder 2581. 
160 “Most dust-born bacteria”: WW et al., August 1, 1946. Progress Report, April 1, 1945-
August 1, 1946. CF, Series 18, Box 271, Folder 2588. 
161 the Veterans Administration: WW, April 2, 1947. A Report of the Laboratories for the Study 
of Air-borne Infection, April 15, 1945-April 7, 1947. CF, Series 18, Box 270, Folder 2577. 
161 install ultraviolet lamps: RH, May 1, 1947. 3677 University of Pennsylvania—Study of Air-
Borne Infections. CF, Series 18, Box 270, Folder 2577. 
161 giving up on his entire theory: Eickhoff 1996. 
161 “The relative importance”: Alexander Langmuir to WW, May 28, 1949. CWP. 
161 “Thus, the challenge”: Langmuir 1961, p. 175. 
161 Heffron consulted with Langmuir: RH, May 2, 1947. 3677 University of Pennsylvania—
Study of Air-Borne Infections. Interview with Dr. Alexander Langmuir. CF, Series 18, Box 270, 
Folder 2577. 
162 Wilson Smillie: RH, May 12, 1947. 3677 University of Pennsylvania—Study of Air-Borne 
Infections. Interview with Dr. Wilson G. Smillie by Dr. Heffron. CF, Series 18, Box 270, Folder 
2577. 
162 delivered his verdict: RH, June 12, 1947. 3765 University of Pennsylvania—Study of the 
Prevention and Control of Air-Borne Infections. CF, Series 18, Box 270, Folder 2577. 



AIR-BORNE END NOTES  

 

26 

162 “I cannot say”: WW to RH, June 17, 1947. CF, Series 18, Box 270, Folder 2577. 
 
Chapter 8: Wings for Death  
163 “is almost literally”: Stakman 1942, p. 1. 
163 biological warfare: Carus 2017; Poupard and Miller 1992. 
163 “They ordered corpses”: Quoted in Wheelis 2002, p. 973. 
164 the centuries that followed: Carus 2015; Carus 2020. 
164 unleash cholera in London: Quail 1978. 
164 “All those people”: H. G. Wells 1895, p. 11-2. 
164 “Distribution from airships”: Sims-Dawson 1915. 
165 “The extraordinarily high proportion”: “Germ-Laden Air-Bombs.” Aeronautics, December 
21, 1915. 
165 send spies: Ewin 2020; Pfeiffer 2017. 
165 more than a million horses: U.S. Foundation for the Commemoration of the World Wars. 
https://www.worldwar1centennial.org/brookeusa-home-page.html. 
165 “Great masses of men”: Quoted in League of Nations 1925, p. 340. 
165 “bacteriological methods of warfare”: United Nations Office for Disarmament Affairs. 
https://www.un.org/disarmament/wmd/bio/1925-geneva-protocol. 
165 a catastrophic biological assault: Cochrane 1947; Guillemin 2006. 
165 Reports surfaced: “Those German Microbes.” New York Times, June 29, 1934; Hugh‐Jones 
1992. 
166 “Indeed, to fail”: ES, February 17, 1942. “Plant Pathology in War.” Exhibit F. Report of 
W.B.C. Committee. National Academy of Sciences Archives. Committees on Biological 
Warfare, Series 1, Box 2. 
167 “A SHOT/GUN ATTACK”: Ibid. 
167 “distinctly feasible”: E. B. Fred. Report of the W.B.C. Committee, July 18, 1942. National 
Academy of Sciences Archives. Committees on Biological Warfare, Series 1, Box 2. 
168 “Biological warfare is”: Quoted in Whitby 2002, p. 72. 
168 Camp Detrick: Regis 1999. 
168 “The world was like”: Quoted in Harrison 1968. 
168 “Mr. Biological Warfare”: Shepard 1959. 
168 his father: A. Rosebury 1973; TR to John Williamson, July 28, 1971. TRP, Box 1, Folder 
31; TR, n.d. “Five Morbid Pieces.” TRP, Box 11, Folder 5. 
169 a Philadelphia lunchroom: TR, 1975. “A Random Reminiscence.” TRP, Box 1, Folder 1. 
169 Lily Aaronson: “Noted Author Succumbs; Made Home in Conway.” Recorder, December 
29, 1976. 
169 biology of teeth: TR, 1972. Experiences at the Columbia Medical Center in Its Early Years. 
SDOS lecture. TRP, Box 7, Folder 6; TR, n.d. “Autobiographical Sketch of Theodor Rosebury, 
Author of ‘Peace of Pestilence.’” TRP, Box 1, Folder 1. 
169 In his school notebook: TR, 1926-1928. TRP, Box 1, Folder 10. 



AIR-BORNE END NOTES  

 

27 

169 fellowship at Columbia: Miller 1930. 
169 “looked to my dental classmates”: TR. “Autobiographical Sketch.” 
170 the origin of cavities: McHugh 1936; Rosebury and Karshan 1931. 
170 more prone to cavities: “Caries Not Due to Diet Alone.” Kansas City Star, March 18, 1936. 
170 “with a fallen log”: TR, 1972. “Experiences at the Columbia Medical Center in Its Early 
Years.” SDOS lecture. TRP, Box 7, Folder 6. 
170 The diet of the Eskimos: Rosebury and Waugh 1939. 
170 “White man’s food”: “Footnotes.” Lincoln Nebraska State Journal, December 12, 1938. 
170 “I began to read”: TR, 1972. “Experiences at the Columbia Medical Center.” SDOS lecture. 
TRP, Box 7, Folder 6. 
170 American Association of Scientific Workers: “Scientists Start Social Work Body.” New 
York Times, December 31, 1938; Kuznick 1987. 
170 launched a boycott: “College Scientists Boycott Nazi Products, Boston and Cambridge 
Group Taking Lead.” New York Times, March 26, 1939. 
171 resumed his research: Rosebury 1940. 
171 “normal flora”: TR. “Normal Flora: A Tentative Outline.” TRP, Box 6, Folder 15, 1958. 
171 “neither recognize nor stop”: Quoted in “Influenza Sure to Follow War.” Union County 
Journal, January 8, 1940. 
171 “At most, this was”: Rosebury 1949, p. 5. 
171 “I shall never forget”: TR, 1951. “Fear, War, and Science.” TRP, Box 9, Folder 2. 
171 defeat Hitler: Rosebury 1942. 
172 “The air-borne route”: Rosebury and Kabat 1947. 
172 “By the air-borne route”: Rosebury 1949, p. 121. 
173 A doctor in Annapolis, Maryland: Honigsbaum 2019. 
173 Lying on the bottom: Zimmer 2019. 
174 woolsorter’s disease: Eurich 1913; Metcalfe 2004; Wyatt 1978. 
174 “Scarcely a month passes”: Bell 1880, p. 872. 
174 “The fluids from this animal”: Bell 1902, p. 635. 
174 “Its properties make it”: Rosebury and Kabat 1947. 
174 the secret analysis: E. B. Fred, September 11, 1942. Memorandum: Subject: Conference 
with Prof. A. R. Dochez. National Academy of Sciences, Archives collection “Committees on 
Biological Warfare, 1941-1948,” Series 6: Name Files: Fred E B: Memoranda: Sept 1942.  
175 “The immense amount”: E. H. Cushing to TR, June 11, 1942. TRP, Box 1, Folder 20. 
175 “I have no doubt”: TR, May 12, 1942. Note to be attached to Form 38746 (C.S.C.). TRP, 
Box 1, Folder 21. 
175 A colonel in the army’s Dental Corps: R. C. Craven to TR, September 21, 1942. TRP, Box 
1, Folder 21. 
175 “This is so ridiculous”: TR to “George,” January 29, 1943. TRP, Box 1, Folder 21. 
175 A few months later: Annie L. Williams to TR, August 9, 1943. TRP, Box 1, Folder 21; TR, 
“Autobiographical Sketch.” 



AIR-BORNE END NOTES  

 

28 

175 “It was a cause”: TR, “Five Morbid Pieces.” 
176 gained some notoriety: Butler 1994. 
176 they were startled: E. B. Fred, 1942. Memorandum. 
176 handed a copy: Kabat 1983. 
176 the best kind of biological weapon: Reed, Nalca, and Roy 2018. 
176 “These germs may have constituted”: Rosebury 1949, p. 115. 
176 Airborne Infection Project: TR, n.d. Theodor Rosebury Biographical Data. TRP, Box 1, 
Folder 1. 
177 anthrax: Hugh-Jones and Blackburn 2009. 
177 Camp Detrick’s officers’ club: Rosebury, Ellingson, and Meiklejohn 1947. TR recounts his 
illness in “Five Morbid Pieces.”  
179 Gordon Meiklejohn: Eickhoff 1997. 
 
Chapter 9: A Fine Frozen Daiquiri 
181 British officials: Bernstein 1987, p. 119; Bernstein 1988, p. 298-9.  
181 working on biological weapons: Beedham and Davies 2020. 
181 “for use if this mode”: Quoted in Willis 2002. 
181 Harry Truman: Bernstein 1987. 
182 Interrogations of Nazi scientists: Weindling 2000. 
182 Friedrich Weyrauch: Duckwitz and Groß 2021. 
182 Mrugowsky: Office of Chief of Counsel for War Crimes 1946a; Office of Chief of Counsel 
for War Crimes 1946b. 
182 Hitler ordered: Bernstein 1988, p. 299-300. 
182 wildly underestimated Japan: Barenblatt 2004; Harris 1992; Nie et al. 2010; Port 2014. 
183 keep the Japanese officers talking: Harris 1995. 
183 Americans had no plans to stop: Guillemin 2005; Wright 1990. 
183 Theodor Rosebury officially resigned: Leo J. Hardin, October 1, 1945. Memo. TRP, Box 1, 
Folder 21. 
183 sponsoring civilian science: TR, 1972. “Experiences at the Columbia Medical Center.”  
183 officially came to light: Shalett 1946a; Shalett 1946b. 
183 “significant contributions”: Merck 1946. 
184 “I hope that”: TR to Willard C. Rappleye, October 3, 1945. TRP, Box 1, Folder 21.  
184 Camp Detrick’s technical director: TR. Untitled document, 1970-1973. TRP, Box 6, Folder 
7. 
184 “throw light on the general problem”: Rosebury et al. 1947. 
184 “It still smacks” Oram C. Woolpert to TR, June 11, 1946. TRP, Box 1, Folder 21. 
184 “I think they have”: TR to Oram C. Woolpert, June 15, 1946. TRP, Box 1, Folder 21. 
184 Experimental Air-borne Infection: Rosebury 1947. 
185 Decoration for Exceptional Civilian Service: August 8, 1952. Data on Theodor Rosebury 
pertaining to draft status for Dr. Brandhorst. TRP, Box 1, Folder 1. 



AIR-BORNE END NOTES  

 

29 

185 “We were in a crisis”: Rosebury 1963, p. 514.  
185 “to bring the subject”: TR to Waldermar Kaempffert, May 19, 1947. TRP, Box 3, Folder 14. 
185 “Frankly, I believe”: Oram C. Woolpert to TR, March 30, 1946. TRP, Box 1, Folder 20. 
186 “Publication of this paper”: Willard Rappleye to TR, April 12, 1946. TRP, Box 1, Folder 20. 
186 submitted their paper: Rosebury and Kabat 1947. 
186 a press conference: “Scientists See U.S. Very Vulnerable to Germ Warfare.” New York 
Times, May 19, 1947. 
186 “It is now presented”: Kaempffert 1947. 
186 The nightmare scenarios: “Bacterial Warfare.” New York Times, May 20, 1947. 
186 “Set down with”: “Medicine: Death in Convenient Bottles.” Time, May 26, 1947. 
186 meted out swift reprisals: Kabat 1983. 
186 Kabat was a Communist sympathizer: Columbia University Department of Microbiology 
and Immunology n.d. 
187 “It was clear”: TR. “Five Morbid Pieces.” 
187 irrevocable damage: TR to “Isaac and Esther,” January 15, 1950. TRP, Box 1, Folder 1. 
187 “I had returned”: TR. “Five Morbid Pieces.”  
187 “Leaving my lab”: TR to Elvin Kabat, July 19, 1949. TRP, Box 3, Folder 14. 
187 “The integrity of science”: Rosebury and Phillips 1949, p. 123. 
187 “We need not doubt”: Rosebury 1949, p. 116. 
188 “It seems to me”: Ibid., p. 167. 
188 “atomic Pearl Harbor”: Quoted in McEnaney 2020, p. 41. 
188 “There are indications”: U.S. Department of Defense 1950, p. 15. 
188 released a pamphlet: U.S. Federal Civil Defense Administration 1951. 
188 “The big danger”: Ibid., p. 8. 
189 Alexander Langmuir: Etheridge 1992; Schultz and Schaffner 2015. 
189 secretly visiting Camp Detrick: Vogel 2021. 
189 “Specially designed bombs”: Langmuir 1951, p. 396. 
189 “Epidemiology means getting out”: Quoted in Fairchild, Bayer, and Colgrove 2007, p. 17. 
189 “When we see”: Quoted in Etheridge 1992, p. 127. 
189 from biological attacks: Langmuir and Andrews 1952. 
190 a fifth of his time: Altman 1977. 
190 North Korea accused: Moon 1992. 
190 germ warfare attacks: Fairchild, Bayer, and Colgrove 2007. 
190 Epidemic Intelligence Service: Fearnley 2010. 
190 the new medium of television: Fee and Brown 2001. 
190 “What You Should Know About Biological Warfare”: Ray Film Industries 1952. 
https://digital.library.jhu.edu/islandora/what-you-should-know-about-biological-warfare 
191 more than two hundred calls: Etheridge 1992. 
192 “The ranks of American scientists”: McCarthy 1950, p. A7255. 
192 The government took note: U.S. Subcommittee to Investigate the Administration of the 
Internal Security Act 1965. 



AIR-BORNE END NOTES  

 

30 

192 the United Nations hired Rosebury: “11 in U.N. Accused of Communist Ties.” New York 
Times, January 2, 1953. 
192 “It may be well”: TR, 1951. “Fear, War, and Science.” TRP, Box 9, Folder 2. 
193 “I came to feel”: TR. “Five Morbid Pieces.”  
193 the three biggest mistakes: TR, 1970-1973. No title. TRP, Box 6, Folder 7. 
193 “If we could tolerate”: TR. “Five Morbid Pieces.” 
193 “believed to be Communists”: “Red Quiz Names 38 U.S. Employees in U.N.” Los Angeles 
Times, January 2, 1953. 
193 “Some of my colleagues”: TR. “Five Morbid Pieces.” 
194 “It is ironic”: Ibid. 
194 expanding the research: Shane 2004; Sidell, Takafuji, and Franz 1997; Wheelis, Rózsa, and 
Dando 2006. 
194 Eight Ball: Reed, Nalca, and Roy 2018. 
194 “looks like a spaceship”: Kortepeter 2020, p. 144. 
194 “We were pioneers”: Quoted in Mabeus 2013. 
195 Edward Nevin: Altman 1977; Cole 1988; Tansey 2004. 
195 published a report: Wheat, Zuckerman, and Rantz 1951. 
195 sparked a panic: The army’s concerns came to light in 1977. See U.S. Subcommittee on 
Health and Scientific Research 1977. 
196 three died: Kortepeter 2020. 
197 crop-killing spores: Baker 2020; Whitby 2002. 
197 stockpiled enough rust: Rogers, Whitby, and Dando 1999. 
197 “Spare me your sermon”: TR. “Five Morbid Pieces.” 
197 turned back to the mystery: “$54,320 Grant to W.U. Professor.” St. Louis Globe-Democrat, 
December 9, 1959. 
198 the Pugwash Conferences: Robinson 1998. 
198 “I was back”: TR. “Five Morbid Pieces.” 
198 “Science has brought forth”: Rosebury 1960. 
198 “to dispel the miasma”: Chisholm et al. 1959, p. 1020. 
199 first book ever: Rosebury 1962, p. ix. 
199 Jack Ostergren: Ostergren 1964. 
199 plant-killing herbicides: “U.S. Jets to Get Plant-Killer Spray.” Detroit Free Press, March 28, 
1965. 
199 J. Edgar Hoover: Gage 2022. 
200 Herbert Aptheker: “Red Leader Speaks Here to Dubois Unit.” St. Louis Post-Dispatch, 
February 15, 1965. 
200 “Although I had never”: TR. “Five Morbid Pieces.” 
200 tipped off reporters: Matthews and Adams 1977. 
200 some twelve hundred pages: https://www.muckrock.com/foi/united-states-of-america-
10/theodor-rosebury-report-138467. 



AIR-BORNE END NOTES  

 

31 

200 “The control of the anti-Vietnam movement”: U.S. Subcommittee to Investigate the 
Administration of the Internal Security Act 1965. 
201 “If Rosebury is not”: “Disgrace to St. Louis.” St. Louis Globe-Democrat, October 17, 1965. 
201 leave of absence: “Rosebury Granted Leave of Absence.” St. Louis Post-Dispatch, April 14, 
1966. 
201 “the intermittent attack”: “A Distinguished Scientist.” St. Louis Post-Dispatch, April 17, 
1966. 
202 “sane, elegant, and informative”: Leonard 1969. 
202 Studs Terkel: Turkel and Rosebury 1969. 
202 Johnny Carson: Fine 2006. 
202 “Since the United States”: Rosebury 1967. 
202 an explosive series of stories: Hersh 1968. 
203 young anti-war activists: Carter and Nelson 1968. 
203 “Biological weapons have massive”: Nixon 1969, p. 968-9. 
203 gave up its vast stockpile: Tucker 2002. 
203 Biological Weapons Convention: United Nations Office for Disarmament Affairs n.d. 
203 “Our entire stockpile”: Ford 1975. 
204 “He knew the stuff”: TR. “Five Morbid Pieces.” 
204 biological warfare labs: Rimmington 2018. 
204 “But if our enemies”: Leitenberg et al. 2012, p. 25. 
205 Biohazard: All quotations from Alibek in this section are from Alibek and Handelman 1999. 
206 “inadvertent exposure of large numbers”: Quoted in Gwertzman 1980. 
207 a biological weapons disaster: Meselson et al. 1994. 
208 external threats: Fee and Brown 2001; Fearnley 2010. 
209 biodefense: Long and Marzi 2021. 
209 tuberculosis, malaria, and HIV: King 2004; Stefansson 2003. 
210 “Luckily, I was not drafted”: WW to RC, October 25, 1951. CF, Series 13.9, Box 68, Folder 
814. 
210 “the suicide of bacteriology”: WW to R. M. Ferry, January 18, 1949. CF, Series 13.9, Box 
68, Folder 813. 
210 confirmed his theory: RH, May 1, 1947. 3677 University of Pennsylvania—Study of Air-
Borne Infections. CF, Series 18, Box 270, Folder 2577. 
210 “I only wish”: WW to RC, October 25, 1951. CF, Series 13.9, Box 68, Folder 814. 
 
Chapter 10: Loch Raven 
213 “This is a rather quiet corner”: WW to Cyril Tasker, March 23, 1948. CWP.  
214 “I submit for your perusal”: WW to RH, September 17, 1948. CF, Series 13.9, Box 68, 
Folder 813. 
214 “The sheer multitude”: RH to RC, September 21, 1948. CF, Series 13.9, Box 68, Folder 813. 



AIR-BORNE END NOTES  

 

32 

214 “I am not too sure”: RH, July 29, 1949. William F. Wells’ Manuscript on Dynamics of Air-
borne Contagion. CF, Series 13.9, Box 68, Folder 813. 
214 still in the fight: W. F. Wells 1951. 
214 a matter of conjecture: Albert W. Snoke to JS, September 24, 1951. APS/JS. 
214 more than forty-eight thousand American lives: Iskrant and Rogot 1953. 
215 “We must feel”: WW to JS, August 19, 1948. APS/JS. 
215 “He is a true pioneer”: JS to John Barnwell, July 6, 1948. APS/JS. 
216 “When I get the outline”: MW to EW, October 6, 1944. EWP, Box 2, Folder 34.  
216 “There is one opportunity”: EW to MW, October 9, 1944. EWP, Box 2, Folder 34. 
216 William Holla: “Dr. Holla: Two-Fisted Fighter for County Health to Retire.” Daily Item, 
December 29, 1955. 
216 enjoyed the support: “500 Say ‘Thank You’ to Retiring Dr. Holla.” Mount Vernon Argus, 
February 18, 1956. 
216 “One can well cite”: Holla 1949, p. 3. 
217 Westchester: MW to EW, November 6, 1944. EWP. 
217 “I feel wholly inadequate”: MW to EW, February 14, 1945. EWP. 
217 a generous thirty-two thousand dollars: “Violet Rays Head Off Measles and Chicken Pox in 
Trial Run.” New York Herald Tribune, May 24, 1950. 
217 Holla announced the launch: “Pleasantville to Make Community Test of Ultra-Violet Ray to 
Curb Child Diseases.” New York Times, October 10, 1945.  
217 “in the control”: Quoted in “Experiment with Health Rays Pleases County Commissioner.” 
Daily Times, June 27, 1946. 
217 began spending weeks: WW to James Perkins, March 14, 1946. CF, Series 18, Box 270, 
Folder 2576. 
217 “difficulties encountered in the application”: Informal Discussion of Westchester Board of 
Health Commissioner's Office, May 23, 1946. Board of Health Minutes, 1948. Series 390 A-
0540 (2) F. Westchester County Archives. 
218 “the most patronized”: M. W. Wells and Holla 1950. 
218 a door-knocking campaign: Downes and Mertz 1953; Milbank Memorial Fund Records. 
Biographical and Historical Records. Group 845, Series 11, Box 29, Folder: Historical Records, 
Progress Reports, 1942-1950. Manuscripts and Archives, Yale University. 
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Recorder of Deeds; Kent County; Deed Books W-Z Vol. 18, 1949-50. 
223 Pleasanton Abbey: Delaware Federal Writers’ Project 1976; MacDonald 1954. 
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235 “This may profoundly modify”: WW to JS, May 6, 1957. APS/JS. 
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236 “The Livermore study”: RR to JS, September 25, 1957. APS/JS. 
236 “will not be ended”: WW to RC, July 19, 1957. CF, Series 13.9, Box 68, Folder 817. 
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237 “We continue to discuss”: RR to JS, September 22, 1958. APS/JS. 
238 “It was impossible”: M. A. Tarumianz to N. Maxon Terry, February 23, 1959. APS/JS. 
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Chapter 11: The Brothers Riley 
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248 Linus getting vaccinated: Schultz 1967. 
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254 a crisis in homelessness: Centers for Disease Control and Prevention 1985. 
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255 some promising signs: Nardell, McInnis, and R. Riley 1988; R. Riley and Nardell 1989. 
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2020; Wilson 2020. 
256 Peter Tsai: Allain 2022; Tsai 2020; Tsai and Tsai 2020; Yam 2020. 
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258 Solbert Permutt: Brower and Sylvester 2012. 
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259 “Thus ended the career”: R. Riley 2001, p. 8. 
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261 Joshua Lederberg: Sapp 2021. 
261 “It is hard to imagine”: Lederberg 1988b, p. 358. 
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261 natural microbes: Lederberg 1988a. 
262 “The idea of a totally new”: Fauci 2024, p. 36. 
262 The Soviet Union: Boghardt 2009. 
262 “There is no medical authority”: Quoted in Thomas 1985. 
262 the New School for Social Research: Mack 1988. 
262 “lead the way”: New School Center for Public Scholarship 2016. 
263 “Our principal competitors”: Lederberg 1988b, p. 347. 
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265 plenty of stories: Culliton 1990; Morse and Schluederberg 1990; Institute of Medicine 1992. 
265 Influenza experts explained: Webster 2023. 
265 Ebola: Jacob et al. 2020; Centers for Disease Control and Prevention 2023; Weyer, 
Grobbelaar, and Blumberg 2015. 
266 “I can tell you”: Quoted in Weiss 1989. 
266 sprays of droplet nuclei: Smith 1984; U.S. Army Medical Research Institute of Infectious 
Diseases 1979. 
266 the world’s most dangerous pathogens: Alibek 1999. 
267 a shipment of monkeys: Dalgard et al. 1992. 
267 Iraq: Braut-Hegghammer 2020; Coll 2024; U.K. Government 2002; Zilinskas 1997. 
268 “In principle, biological weapons”: U.S. Congress Office of Technology Assessment 1993, 
p. 52. 
269 “Crisis in the Hot Zone”: Preston 1992. 
269 Stephen Morse: Morse 1991. 
269 Nancy Jaax: Jaax et al. 1995. 
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269 “The single biggest threat”: Quoted in Petersen 1995. 
269 the true nature: Smith 2014a. 
269 lobbying: Lederberg 1997. 
270 “the dangerous link”: Quoted in Wright 2007, p. 72. 
271 “can do a lot”: Quoted in Coll 2024, p. 394. 
271 “The likelihood of there”: Quoted in Wright 2007. 
271 A few skeptics: Leitenberg 1999; Leitenberg 2009; Pringle 1998. 
272 “I don’t know”: Quoted in Wright 2007, p. 100. 
272 “Everything I heard”: Clinton 2004, p. 789. 
272 dangerously close to violating: Miller, Engelberg, and Broad 2001b. 
272 “to aid our preparedness”: Clinton 1999, p. 828. 
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272 “the first ever civilian stockpile”: Clinton 1999, p. 85. 
272 Joshua Lederberg: Miller et al. 2001a. 
272 “because I then had”: Clinton 1999, p. 85.  
272 created a game: Block 2001; Borio et al. 2002. 
273 outbreak of pneumonic plague: Inglesby et al. 2000; O’Toole and Inglesby 2001. 
273 Kenneth Bernard: Dilanian, de Luce, and Lehren 2020. 
273 smallpox: Meltzer et al. 2001; O’Toole 1999. 
273 Dark Winter: Barrett 2006; O’Toole, Mair, and Inglesby 2002. 
273 hijacked planes: Hoffman 2001. 
274 the air at the crash sites: Guillemin 2011. 
274 “Smallpox could bring”: Gordon and Cruz 2001.  
274 Bush was briefed: Bush 2010. 
275 “You can not stop us”: Quoted in Guillemin 2011, p. 79. 
275 “I was struck”: Bush 2010, p. 157. 
275 “It appears to have foreshadowed”: U.S. Senate Committee on Armed Services 2002. 
275 “We have copies”: Quoted in Graysmith 2003, p. 79. It would later come to light that al 
Qaeda leader Ayman al-Zawahiri read Theodor Rosebury’s Peace or Pestilence. See Cullison 
2004. 
276 Amerithrax: Inglesby et al. 2002. 
276 Project BioShield: Fauci 2024. 
276 unveil Project BioShield: Bush 2003. 
276 “Less than a teaspoon”: Powell 2003. 
277 They found none: Miller 2003; U.S. Department of State 2005.  
277 More than a half million: Bump 2018. 
277 “We believed it because”: deYoung 2006, p. 493.  
277 The search for the Amerithrax killer: National Research Council 2011. 
277 Ivins died by suicide: Engelberg 2011. 
278 BioWatch: U.S. Government Accountability Office 2021. 
278 “Put simply”: Bipartisan Commission on Biodefense 2024, p. 10.  
278 “The American people”: Quoted in Koplow 2008. 
 
Chapter 13: Sea, Land, Fire, Clouds 
281 Paul Comtois and Scott Isard: Comtois 1999; Comtois and Isard 1999. 
281 growing up at last: Sources include Alsante, Thornton, and Brooks 2021; Archer et al. 2023; 
Fröhlich-Nowoisky et al. 2016; Lang-Yona et al. 2022; Lappan et al. 2024; Šantl-Temkiv et al. 
2022; Schmale and Ross 2015.  
282 climbed Mount Melbourne: Brown and Hovmøller 2002; Skotnicki et al. 2001. 
282 Salt Lake City: Radosevich et al. 2002. 
283 a giant wave machine: Prather et al. 2013. 
284 a fizz of bubbles: Deicke 2022; Gao, Deane, and Shen 2021. 
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286 odd beanlike shapes: Dommer et al. 2023. 
286 cargo planes of the aerobiome: Michaud et al. 2018. 
286 R/V Hespérides: Duarte 2015; Mayol et al. 2017. 
286 scrambling the diversity: Breitbart and Rohwer 2005. 
286 the Dry Valleys of Antarctica: Archer et al. 2019. 
286 biological soil crusts: Garcia-Pichel 2023; Thomazo et al. 2020. 
287 a rubbery goo: Flemming and Wuertz 2019. 
287 A single grain: Probandt et al. 2018. 
287 3.2 billion years: Korenaga 2021; Selden 2021. 
287 across entire continents: Beraldi-Campesi 2013. 
287 gave way to plants: Bowman 2022. 
287 Fungi moved onshore: Berbee et al. 2020; Rimington et al. 2020; Strullu-Derrien et al. 2023. 
287 six million moss spores: Sundberg 2013. 
288 releasing pollen grains: Cruden 2000. 
288 speed up their pollen grains: Timerman and Barrett 2021. 
288 Some fungi pack spores: Golan and Pringle 2017; Lagomarsino-Oneto et al. 2020; Schmale 
and Ross 2017. 
288 The gills of the mushrooms: Iapichino et al. 2020. 
288 evolved adaptations: Kim et al. 2019; Roper and Seminara 2019. 
288 pop out of the tubes: Bueno-Sancho et al. 2021. 
289 a second wave of spores: Dressaire et al. 2016; Roper et al. 2010. 
289 bacteria and algae: Tesson et al. 2016. 
289 float for twenty-five miles: Williams 2010. 
289 “There were so many”: Athenaeus 2010. 
289 425 million years: Brookfield, Catlos, and Suarez 2022. 
290 9.3 trillion insects: Huang et al. 2024. 
290 ten thousand species: Callaghan, Nakagawa, and Cornwell 2021. 
290 430 million years: Glasspool and Gastaldo 2023. 
291 1.5 million square miles: Lang and Moeini-Meybodi 2021. 
291 Leda Kobziar: Kobziar and Thompson 2020; McKenna 2022b. 
291 The leaves and bark: Davey et al. 2009; Vacher et al. 2016. 
291 Fishlake National Forest: Kobziar et al. 2022. 
292 By her calculations: Kobziar et al. 2024; Gering et al. 2024. 
292 more than 100,000 tons: Amato et al. 2023. 
292 a common swift: Hedenström et al. 2016. 
292 Puy de Dôme: Deniel et al. 2020; Miallier et al. 2010. 
293 Clouds: Sources include Amato et al. 2005; Baray et al. 2020; Péguilhan et al. 2023. 
293 “Clouds are environments”: Amato et al. 2017, p. 14. 
294 bacteria eat clouds: Griffin 2021; Khaled et al. 2021. 
294 alters the weather: Boxall 2013. 
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294 fungi, algae, pollen, lichens, insects, bacteria, and viruses: Adams et al. 2021. 
294 encouraging water to freeze: Huang et al. 2021; Lukas et al. 2022. 
294 Pseudomonas: Hartmann et al. 2022.  
294 plants welcome bacteria: Hamilton 1996; Hamilton and Lenton 1998; Morris et al. 2014. 
295 Venus: Morowitz and Sagan 1967; Seager et al. 2021. 
295 forty-eight miles: Imshenetsky, Lysenko, and Kazakov 1978. 
295 the stratosphere is alive: Cortesão et al. 2021; Smith and Waters 2019. 
296 Bacillus luciferensis: Griffin 2004; Logan 2002. 
296 ravaged by ultraviolet light: Khodadad et al. 2017. 
 
Chapter 14: We’re All Going to Get It 
297 The new pandemic: My account of SARS draws on sources including Abraham 2005; 
Campbell 2006; Greenfeld 2020; Hui and Zumla 2019; Kleinman and Watson 2006; Peiris et al. 
2003; Quammen 2012; Rosenthal 2003; World Health Organization 2006. 
297 “atypical pneumonia”: Grady 2003. 
298 Guangzhou: Zhao et al. 2003. 
299 H5N1: World Health Organization 2014a. 
300 finally laid eyes: Altman 2003a; Altman 2003c; Altman and Landler 2003. 
300 coronavirus vaccines: Tizard 2020. 
301 “It is beginning”: Bradsher 2003. 
301 doubted their value: “Doctors’ Board Urges Isolation in Flu Epidemic.” Sacramento Bee, 
December 14, 1928. 
301 in many Asian countries: Yang 2014. 
301 Japan: Burgess and Horii 2012; Horii 2014. 
301 Masks had debuted early in China: Wei 2020. 
301 “Using it to cover”: Zhang 2023. 
302 protect their lungs from smog: Hansstein and Echegaray 2018. 
302 scrambling to find masks: Gong 2022. 
302 cultural practice of masking: Baehr 2008; Lynteris 2020. 
302 Amoy Gardens: SARS Expert Committee 2003; Hong Kong Department of Health 2003; 
Shadbolt 2013. 
303 how currents flow: Dai et al. 2003. 
303 Kaixi Wang: Greenfeld 2006. 
303 sickened 138 people: Lee et al. 2003. 
304 “We’re not talking”: Quoted in “SARS: How One Man Infected 324 Others.” Sydney 
Morning Herald, April 18, 2003. 
304 the Prince of Wales Hospital: Li et al. 2005. 
305 come from Canada: Campbell 2006; Varia et al. 2003. 
306 added Toronto to a list: Altman and Bradsher 2003. 
306 “If we don’t have”: Quoted in Crowe 2003. 
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306 a single patient: Scales et al. 2003. 
306 Others argued: Johnston and Conly 2004. 
306 “There is compelling evidence”: Conly 2006, p. 264. 
306 “Part of the heated debate”: Campbell 2006 p. 11. 
307 “It was eerie”: Quoted in Altman 2003b. 
307 “No…Canadians”: Schorr 2003. 
307 isolating them: Shaw 2006. 
307 “As April turned”: Greenfeld 2020. 
308 “We were lucky this time”: World Health Organization 2006, p. 243. 
308 spill over into our species: Morse 2004. 
309 “The main mode”: World Health Organization 2006, p. 193. 
309 Li then considered: Yu et al. 2005. 
309 a vast cloud: Yu et al. 2004. 
311 pollution coming from cars: Ristovski et al. 2000. 
311 smoke rising from cigarettes: Morawska, Barron, and Hitchins 1999. 
311 “less than basic”: Morawska 2006, p. 336. 
312 poked their heads: Johnson et al. 2011; Morawska et al. 2009. 
312 only a small fraction: Morawska et al. 2022. 
312 Lydia Bourouiba: Bourouiba 2021a; Bourouiba 2021b; Bourouiba, Dehandschoewercker, 
and Bush 2014. 
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 H1N1: Centers for Disease Control and Prevention 2009b; Centers for Disease Control 
and Prevention 2010b. 
323 Adela María Gutiérrez: Lacey and Malkin 2009b. 
323 gotten its start: Reimering, Muñoz, 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: Müller 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 Rae 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 Indoor 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, Björnham 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: Düx 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 millijoules: 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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