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ABSTRACT — This paper examines the debate over the human immunodeficiency virus
(HIV) as the cause of acquired :immm‘rodtﬁdmhasm&mmc (AIDS) from an historical per-
m_deﬁﬁlhrm' the link between putative pathological ts and

i are di . beginning with Robert Koch's research on anthrax in the nine-
teenth century. Various versions of ‘Koch's postulates’ are analyzed in relation to the necessity
and suffici arguments of logical reasoning. In addition, alterations to Koch's postulates
are delineated, specifically those required by the discovery of ricketrsise and viruses in the
early twentieth century and by the immunological tw.mg after mideentury o
demonstrate the links between elusive viral agents and two diseases, titis B and infectious
mononucleosis. From this perspective, an examination of the AIDS debate is constructed.
Molecular biclogist Peter Duesberg’s argument that HIV is not the cause of AIDS is analyzed
in light of his contention that a version of Koch's postulates has not been satisfied. Additional
research findings through 1990 relating to the etiology of AIDS are also noted.

When, in 1981, an unusual new condition that would become
known as acquired immunodeficiency syndrome, or AIDS, was first
described, nearly a century had elapsed since Robert Koch first pub-
lished criteria for demonstrating that a particular bacterium caused a
particular infectious disease. By 1984 investigators in France and the
United States announced that AIDS was caused by a a retrovirus,
which is now called the Human Immunodeficiency Virus, or HIV.
Diagnostic tests were prepared on the basis of this finding, and
research continues on therapies for the conditions and complications
of HIV infection and on a vaccine to prevent it.! The scientific con-
sensus linking AIDS to HIV infection has been so complete, in fact,
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that when Peter Duesberg, an eminent molecular biologist at the
University of California, Berkeley, challenged this dogma, he was ini-
tially grected with nearly universal silence from his peers.
Medical history, of ::uurs:, has resounded with d-:bat:-s over the
elml of disease, and many putative organisms have later been
ﬂmd Historians might wonder whether Duesberg’s appar-
md:,r singular objections have any merit, or whether he is smhbnmly
refusing to accept the results of rigorous investigation. Duesberg’s
ents are even more interesting because they are based on the
conclusion that HIV does not satisfy Koch's postulates and thus can-
not be the cause of AIDS. This assertion raises anew a very old ques-
m:-n ‘How do investigators prove the link between a putative patho-
ent and a disease’? In this paper, I will examine how scien-
um in the past have marshalled pmn for particular disease agents,
and I will utilize this historical perspective to illuminate the arguments
in the debate over the AIDS agent.

Background: Koch's Postulates and Koch's Own Research

Let us begin with Robert Koch himself, who was borm December
11, 1843, the son of a mining engineer? Koch studied medicine ar the
University of Gottingen, where he was influenced by Jacob Henle, the
professor of anatomy who had published in 1840 on the possible rela-
tionship of microorganisms to di and whose name is often linked
with Koch's in discussions of the postulates.® After receiving his M.D.
-;l:gm: in 1865, Koch spent several unsertled years attempting to esta-

ractice. ln 1870 he volunteered for service in the
Fﬂﬂfﬂnﬂﬁlﬁn ar and gained experience with typhoid and wound
infections that proved invaluable in his later research. From 1872 1o
1880 he served as District Medical Officer for Wollstein, a position in
which he was able to pursue the research on anthrax and on wound
infections that catapulted him to prominence.

]n En-chs r:s:an:hnnnmh.ru he struggled for the first time with

roving causality. He knew, for example, that ingesting
ﬂ.mlmlx bmn!h id I'-UDE always result in disease, so he could not argue
that in every case the presence of anthrax bacilli would cause the

Jhmdhtmmdﬁﬁhﬂm“ﬂﬁtﬁk Roberr Kock: A Life fm Medicoar and
Tﬂhh&#m&r[mﬁw‘-'ﬂlq.lm

1 H ﬂlphﬂ.l.ﬂ:ld'r:nﬂdmtn:lm t o divestes, an schievement
that was imposashle with dﬂhbmﬂfpmeﬂﬂmlugﬁhmlm -1” Doctsch, “Hemle and Koch's
Postulates’, ASM Newr, 48 (19820, 35356,
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disease. His 1876 paper, which claimed to link Bacilfus amthracis irre-
futably with the disease, relied on absence arguments: if the bacilli
were not ;I;rmnt, no disease occurred.® Koch's work was not aceepted
without challenge. His critics demanded that the putative anthrax
bacillus be separated from any other substance that miégh;lfmmtiaﬂy
cause the discase. Because Koch himself still used liquid culture tech-
niques at that time, he replied that such proof would be impossible.
wo years later, in 1878, Koch published two papers on wound
infections’. He utilized similar absence arguments as the basis for prov-
ing bacterial etiology. In the second paper, Koch laid out for the first
time his specific enteria for establishing causation — the first statement
of his postulates. They were:
1. The microorganism must be exhibited in all cases of the disease.
2. The distribution of the microorganism must correlate with and
explain the disease phenomena.
3. For cach different disease, a morphologically distinguishable
microorganism must be identified.

In commenting on tulates, 1 shall begin with the last,
which caused Koch some lem. Morphalogically indistinguishable
microorganisms occasionally produced different effects, such as differ-
ent toxins., Since these Lli&erenc-:s could be identifi means of
biochemical or other methods, Koch eventually modified this criterion
to the following form: ‘The microorganism must be distinguishable in
some way from organisms that are associated with other diseases”. The
second point in this version of Koch’s postulates relates to clinical
manifestations of the infection, and serves to reinforce the first point,
which c]-:arfg reflects Koch's reasoning about causality. It does not
claim that the presence of a microorganism will invariably cause a
disease, but rather that in its absence no disease oceurs.

Koch's philosophical position in this early statement of his iosru-
lates, as well as in their later evolution, has been examined y K.
Codell Carter, El'ﬁftﬁml' of philosophy at Brigham Young University.
To analyze Koch's reasoning, Carter employs two rules of logic, neces-
sity and sufficiency, which are key concepts in proving causality in
infectious diseases: 1) a phenomenon C is sufficient for a phenomenon

4 Foberr Koch, “The Atclogie der Milzbrand- Krankheir, begrinder auf die ; ichte
dov Bacilhee Anmithracis’, 1n: |, Sehwralle, dod), Geramorelie Werke vow Boberr Foch, |,¢|m&m
Thieme, 1912, 2 vols. 1: 5-25. An English translation is b K. Codell Carter, trans., Esrays of K
Mew York: Greenwood Press, 1987, pp- I-1B
¥ Robert Koch, "Meoe Uncervachungen iiber die Mikroonganismen beil infelidnen Wundkraskheisen',
Schrwalbe, (ed.), Gerammelte Werke son Fobert Koch, 1: 57-60 idem, Urnersuchungen dhes die
Adiclogic der Wundinfcktionskrankbeizes’, ibid., pp. 61108 An English translation of the second paper
i i Carter, truma, Errayr of Rabewr Kok, pp. 19256
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E if the occurrence of C ensures the occurrence of E; and 2) a phe-
nomenon C is mecessary for a phenomenon E if the nonoccurrence of
C ensures the nonoccurrence of E. Koch's arguments in the first state-
ment of his postulates, Carter observed, rely on necessary but not suf-
ficient ;:rra:»:)il.:::ILg

In 1883, Koch traveled to t to investigate the etiology of chol-
era because there were no cholera cases in Germany from which he
could derive material. Since conducting his wound infection work,
Koch had developed the technique uig culturing bacteria on solid
media rather than in liquid, hence he was able to culture the suspect
organism in what came to be called ‘pure culture’. Was this vibrio,
which he considered distinet from others of similar morphology, the
cause of cholera, or was it perhaps normally present in tll:q: intestinal
lining and multiplied only when another pathological process, which
would be the ‘true’ cause of cholera, provided the opportunity?

Unfortunately, cholera is a disease exclusively of humans, so he was
unable to study it in experimental animals.? Because of this limitation,
as William Coleman has pointed out, Koch's reasoning about the
comma-shaped Vibrio :bo:'l:rc:f had to be based on interpretation of
epidemiological datas With his associates, Koch identified the organ-
ism in every case of cholera that he studied. Of equal importance,
Koch fﬂunglncr cholera vibrios in healthy persons or in persons with
different discases. He rested his case on a strong mcisﬂ argument-
without the organism, there was no disease - and on a EIEECI{:II}’
argument — if the disease was present, then the organism was also pre-
sent.

Concomitantly with the work on cholera, Koch investigated the
etiology of tuberculosis. In 1882 he announced the discovery of a
bacillus as the cause of the White Plague.® Because tuberculosis was
arguably the most dread disease of ltﬁ:nhetemth century, Koch's

& K. Codell Cames, "Kech's Postulates in Relation to the Work of Jacoh Henle and Eduin Klebs',
Medical Hrtrory, 79 [1985), 358-T4; logical crirerls suted on P 354,

! Do asd gainca pigs wore ovetually indecoed with cholera, b oaly when their bile ducts were
tied off and & pure cholers culbnire injected directly into the doodensm, See Brock, Rober? Kook, pp. 180

8 William Colersan, "Kech's Comma Bacillus: the First Year', Bulletin of b Miviory of Medicine, 61
115987), 31542; Robert Koch, ‘Eme Koaferene s Erd der Cholerafrage am 26 VIL 1884 2
Berlin’, In: Schwalbe, (ed), Gerrmmmelte Werke pon Robert o2 ipasy 1) 2060 (dem, Oher die

ien', ibid., 61-8% English rranslations of both papers are in Carver, trans., Exsrys of Robert
Kools, pp, 13170, 171-7B.

* Koch published reo papen in 1882 on tuberculeasis. They aze “Die Aci der Tubeekulose’, In:
Schwalbe, ded.). Grsselte Werke vow Roberr Koo, 10 428645, and die Aniclogie der
Tuberkideowe”, ibidl., pp. 446-53. An English vranslation of the first paper is in Carter, trans., Erays of
Robert Kach, pp. #3-96.
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ﬂnnﬂun:ﬂﬂﬁt 111.“ it was cauwrdd!;ry a mi:mrﬂﬁ:ﬂsglis hastened the
acceplance germ theory of disease as no other discovery m
have done. In his work on tuberculosis, Koch was aided both b;ﬂ
pure culture technique and by the availability of an experimental ani-
mal. He could thus utilize necessity and sufficiency arguments in
linking the organism to the disease. No case of ruberculosis, he asser.
ted, occurred in the absence of the tubercle bacillus, and if the bacil-
lus were properly injected into an experimental animal, it reproduced
e 2688 Koch publitned d i it o
n 1884 Koch pu a monumental paper on the eti

tuberculosis.,’® It is from this paper that the statement of Koch's
postulates is usually drawn. He said:

1. An alien structure must be exhibited in all cases of the disease.
2. The structure must be shown to be a ]ang organism and must be
distinguishable from il.l other microarganisms.

3. The distribution of microorganisms must correlate with and explain
l']'ll: dlm Fh’ﬂlﬂ'ﬂﬂnﬂ

4. The mic isin must be cultivated outside the diseased animal
El;:llljn:nlmed rom all disease products which could be causally signi-
L

5. The pure isolated microorganism must be inoculated into test ani-
mals and these animals must then display the same symptoms as the
original diseased animal.!!

Points 1, 2, and 3 are restatements of his earlier work. What is new
here are points four and five, which Koch considered most important
in his tuberculosis work and which later came to be seen as the key
postulates. These two ts apparently fulfill the sufficien II_gII'
ment: in the presence of a particular organism, disease always tollo
Yet Koch knew well that this was not always the case cxp::runcmal!y
Unless specific pathways of inoculation were used, the injected bacte
ria might not cause disease, and tubercle bacilli were widely known o

' Fobent Koch, The Avologie der Tubsrkubose”, In: Schwalbe, Gerammelte Wirke pom Hoberr Kook,
1: 467-343, Enahjhumﬂ.lﬁmﬂmplpﬂmm&mrmm,&uﬁdﬂﬂﬂthﬂdﬁ.pp 120.50: the
emiire iext in b s en wlem, The Arvedogy of Teboreabon, mane. De and M. Max Poner (New
York: Mational Tuberouloaiz Azeocisgion, 1922).

I Caner, 'Kech’s Postalates 0 Relation to the Waork of Jacob Henle and Edwin Klebs', p. 360,
Thomes ). Brock otes that & similar foee of thee posmulates, u#ﬂ:un-hlrhdmlmlhhﬂt
ssititent, Frisdrich Locffler, who also becume o major figure in bactericlogy, in & paper on
Brock trenslaes che relevane h-"ﬂ.lfhbcmul:h‘mzuutdhlmum.n:hm-
tral thai three ez be fulfilled The f dlemnl.n!'dﬂpul.ll.i.mu tn oeder to demon-
wrme sy the parsistic natune of a disense: 1) The organisn m L present
in churacteristie form and asfangement &0 the dissaied Bee; 21 The anganmm which, from it behavios
appears o be resporsible for the disease, must be lsolsed and
lmmh&mluuﬁnh&mwﬂﬂr L

§§§r
b
gi
;
;E
4



254 VICTORIA A. HARDEN

be able to exist in a host without causing disease.’? Thus althﬂu%lh
these two postulates came to have a central role in later research,
Koch scholars such as Carter have emphasized that Koch himself
continued to rely on necessity arguments. In an address to the Tenth
International Congress of Medicine in 1890, for example, Koch
acknowledged that for several diseases, including typhoid fever,
diphtheria, leprosy, and cholera, it had proved impossible to infect
experimental animals with pure cultures and thus demonstrate the
sutficiency argument. ‘Theretore,” he stated, ‘we are justified in stating
that if . . . the regular and exclusive occurrence of the parasite is
demonstrated, the causal relationship between parasite and disease is
validly established’.

Rickettsial Diseases and the Laboratory Qultivation of Organisms

Just prior to Koch’s death in 1910, an apparently new genus of
organisms had been identified. It was w-:nl:ua“iy named Rickettsia
after Howard Taylor Ricketts of the University ot Chicago, who stu-
died two of the diseases caused by species of rickettsiae, Rocky
Mountain spotted fever and epidemic typhus. These organisms were
large enough to be seen under a microscope, appeared consistently in
cases of di . and could be transmitted in blood from sick to
healthy experimental animals. They could not, however, be cultured
on lifeless media, and failure to meet this postulate retarded their
acceptance as agents of disease 1

Between 1906 and 1908, Ricketts studied the organism thar he
found consistently in the blood of victims of Rocky Mountain spotted
fever. By January 1909 he ventured publication of a paper in the
Josrnal of the American Medical Association mnxwatiu:ﬂr entitled ‘A
Micro-Organism Which Apparently Has a Specific Relationship to
Rocky Mountain Spotted Fever'. He argued that, in addition to the
presence of the organism in cases of the disease, agglutination experi-
ments were so convincing that there must be ‘a specific relationship

12 Cagres, ‘Koch's Posrulaes’, pp. Ho1-62. Koch did all of chis woak without knowledge al heman e
riers of diarase = ¢ who were well themsebees but who hathorod pathogenic bacreris and oransenit-
1zl them o othon meﬁﬂuﬁﬂiﬁud&dmﬂlhﬂurlﬂ!-ﬁuihﬁi..p.]ﬂ.nIS-

1} Bobert Koch, Uber bakreriologische Forschung”, In: Schwalbe, led), Griswmnle Wenks som
Robert Koch, It 650-660; Englh translazion of non cited i Thomes Rivers, "Vineses and Kochs
Posnalase”, fowrmal of 5 33 (19371, 1-12; ::.:nmim from p 4.

1 Yireoria A Harden, "Kochs Poonlares sead Eridogy of Ricketisial Dhscancs’, fosomal of the
Histary of Mediciwe and Allied Sciemces, 42 (1987], 777-95.
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between the organism and the disease’.” While cautious in his publi-
shed statements, Ricketts to his friends revealed complete assurance.
'gnul: a note to tell you that I have found the microorganism of spotted
r', Ricketts wrote in a letter just before the JAMA aricle was
published.® Yet Ricketts was well aware that many in the scientific
community would remain skeptical until the organism had been +:u.1-
tured on lifeless media according to Koch's postulates. 1 remind yo
he wrote to the Secretary of th: Montana State Board of Health, rhat
we have not yet been able to cultivate . . . [the microbe], and thus
meet one of Koch's great laws. This makes it to bnng all
kinds of indirect evidence to bear showing that ﬁaw: the real
thing'.”" Ricketts did not live to see his work wnd:cn[:d In December
1909 he traveled to Mexico City to study typhus, became infected,
and died in May 1910.

In 1916, Simeon Burt Wolbach, a pathologist at Harvard University
Medical School, ook up the study of rickertsine. After working for
three years with Rocky Mountain spotted fever organisms, he traveled
to Pu[v“ and to study epidemic typhus. His exhaustive histopathological
studies revealed rickettsial organisms in the vascular lesions of victims
of both diseases. Relying on the necessity argument — that without
these organisms, no discase occurred — "'E"ﬂlbﬂi:h wndudrd that
rickettsiac were the cause of these diseases. Many investigators, how-
ever, refused 1o accept his conclusions because he could not culiure
the organisms on lif media,

Polic Research, Filterable Viruses, and Rivers's Postulates

During the 1920s, Wolbach was joined by many distinguished virol-
ogists, such as Thomas Rivers of the Rockefeller Institute for Medical
Research, in arguing that rickettsiae and the filterable viruses were

¥ Harward Taylor Fickeis, “A Micro-Orgasdem Which Apparendy His & Specific Relstionship 1o
Hocky Mountaim Spotted Fever: & Prefiminary Feport®, af ihe Amercan Medice! Arociaros, 32
(1MEN, 3739-80,

* Rickeits o Thomaa [, Tumle, Jasuary 29, 199, folder 1, ‘Rocky Mountain Spotied Fover, 1308-
1911%, Box 1, '{:-uurllli..-:!rrﬂ-pmﬂum Montans State Board of Hewlth Records, Bevord Group 38,
Montapa Stace Archives, Helena,

“ﬁrﬁ:enunﬂ'h:van.Tuﬂr,ij-,Im,qunL'nrerhIﬂmﬁpﬂln]Ftﬂt 1508-1911°,
Box 1, "General Corrospondence’, Montana Statc Board of Heahh Becosds, Bevord Group 28, Montana
Same Archives, Helema

iE 5 Burt Wolbach, 'htuiumhrhyMnnhpﬁwdFm Jourmal of Medrcal Beearch, 41
{191, 1-197; Lngu:d Crmﬁnrhﬂu Tvphis Research Comanbislon to Poland, The Evology and
Patbology of Typbus, by 5. Burt Wolbach, Joha L. Todd, and Francis W, Palirey (Camburidge, Mass
Leagee of E.rdfrmﬁuruuu- it the Harvard University Presa, 1922
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obligate intracellular parasites.”” Such pathogens would have 1o be
grown using the emerging method of tissue culture, and they experi-
mented with various tissue and media combinations. Unfortunately,
the crude tissue culture technigues then available did not support
luxuriant multi ﬁhm'm of man;.r isms. In 1931, however, ‘ﬁﬂ ce
Miles Woodrutf and Ernest Goodpasture at Vanderbilt University
demonstrated that the choricallantoic membrane of the developi
chick embryo provided an ideal medium for the growth of pox
virus.® Soon other researchers idemified a number of viruses that
flourished on this membrane. Advances in immunology, such as the
complement fixation test, also produced more reliable serological tests
for the presence of antibodies to specific or anisms.

Rivers also argued that alterations in Koch's postulates were neces-
sary to establish the etiology of viral diseases. To illustrate the folly
that uncritical adherence to Koch's postulates could produce, Rivers
examined the claim of some investigators that streptococei were the
etiological agents of poliomyelitis, Streptococci had been found asso-
ciated with polio, these scmnsl:s stitm:l these nrgn.nr:sms. ::n-ul::l. be
obtained in pure cultures from patients ill with polio; the
paralysis when injected into monkeys and rabbits; they cmﬁcragm be
?:mvcﬁ fr;ﬁm these l:xpc&:.mmtal a.nunals, and individuals ﬁm:nhnng
rom polio often possessed antibodies against streptococci. Yet -
cians and scientists who were familiar with polio Iﬂew that the pal.fa
logical piciure of polio was different from that of streptococcal infec-
tion and that paralysis could be caused by a number of different orga-
nisms,

Rivers asserted that only two rules of proof were needed to estab-
lish etiology for viral diseases:

1. A specific virus must be found associated with a disease with a
degree of regularity.

1% See, for cxemple, T. M. Rhers, Filoorabde YVinso: A Critical Roview', Arboor of aud
Lﬂ!wthl'y Meshome, 3 (19270, 525.258; W. G, MacCullum, *4 Survey of Our Present o
Dlacase’ JAMEA. 64 (1929), T20.38 Ot Moy of the momest of the st wod of thes el of

1 1, COMCEpE VERH 1
vircdogy, sor Sally Smath Hughes, The Viee A Hintory of the Comompt New Yook Science History
Publicaices, 19771 Saul Benlson, Tow Bfeerr Raflocrioms om 4 Lafe i Madioter and Scfemer (Cambridgs:
M.T Press, 1967), esp. cha. 36,

”MMMMIHFMWGWHMH ﬂt&ﬂmﬂ'dﬂ Chorio-Allamtoic
Membeane of Chick Embeyos 1 Infection with the Fowl-Pox Vins' W#m,?
{19310, 209-22. For a chronology of major on calipvation of other cegenisms by chis , B
Bmhumm&bmrmh : Thomas M. Rivers, led.), Vieal awd Backetrual [nfection:
of Man, 20 o (Phiadelphis J. B Co., 1952), pp. 109-25; o, table B, p. 110,

1l Hivers, “Viruses % ", P 3-b.
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2. The virus must be shown to occur in the sick individual not as an
incidental or accidental finding but as the cause of the disease
under investigation.22

These criteria clearly are in line with Koch’s arguments of necessity,
and Rivers noted the similarity. He proceeded to make plain, however,
the specific differences between Koch's rules for bacteriology and his
own for viruses. A virus, for example, might not be found in every
casc of a disease at all times, but it ‘should always be found at the
proper time in specific lesions’ 2 Cultivation of viruses in tissue cul-
tures was a process similar to cultivation of bacteria on lifeless media,
Rivers suggested, but not an identical one. Furthermore, not all virus-
es could be cultured, vet this did not invalidate them as ctiological
agents, hence he omitted such a rule from his own proof. Although
Rivers's ates were only two in number, they required exception-
al rigor by an investigator, for the possibilities of error in mis&inﬁili:e
second seemed endless. Rivers cited numerous instances in which
investigators had been misled by preexisting or concomitant infections
in experimental animals and by contamination of laboratory cultures.
Rivers concluded his essay with a call for continued work by virol-
ogists, ‘tempered by the priceless anributes of common sense, proper
training and sound reasoning’.

Minor Ilinesses, Laboratory Technique, and Huebner's Guidelines

During the 1940s, the electron microscope rendered viruses visible.
Improved tissue culture techniques, the breeding of specialized strains
of experimental mice, and additional immunological tests further
enhanced the laboratory detection and isolation of viruses. By the
19505, a plethora of viruses had been identified, some of which were
linked with diseases. Many of them, however, remained ‘viruses in

2 [hid., p. 6. Although Rivers stipuluted only rwo postulses in this paper, his followen lier cxpan
ded his cricenia somewhaz, Tn the 15948 edition of his texthook on hacteriology, Martin Frobisher, Ir.,
ssmmarzed Rivers's posmulaes as. follows:

1. The vinas must be present in the host eelli thowing the specific besiom, at the time of the disease,

or in the Blood or other body Buids

7. Fillirstes of the infections material (blood, €oc.. or taoe rritarsses) shown not o cofain baceris

or other visible or cultivable organlams, mes peoduce the dmesis of B cosfiterpart in sppropriste
animali of planis

¥, Similar Florates From mach anémali af plants muse transmit the disease

Ser Martin Frobisher, Jr.. Fundassemsals of Bacieriology 4th o, (Philsdciphis: W B. Ssunden, 1949,
. Bl
¥ "B Bivens, "Viruses and Kochs Postulates’, p. 6 Rivers also recognized the exionce of healshy virus
CHFTIETE

H Pavery, Vinanes and Kech’s Posnalases”, p. 11,
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search of disease’, as the ttle of a 1956 conference on research in
virology termed them

Robert J. Huebner of the U.S. National Institutes of Health, who
organized this conference, observed that ‘new techniques, developed
to a high degree of efficiency in the last few years, have reduced the
|5ulat|un of new human and animal viruses from a technological ft:ﬂt

of high order to an almost exasperatingly commonplace occurrence’.
Despite such discoveries, however, an impasse had not yet been re-
snlwd. While clinicians ‘seldom if ever' knl.-w whether a respiratory or
mt;:liicc lﬂm Wmﬁmﬂrﬁcm by a virus, or, if so, wha:lwhr::[was
implicated, conve vi 115 re new ts rare any
inkling of their chru-::ll b:h:Elm or ﬁmmﬁw ’

These myriad viral agents were generally characterized as causing
minor illnesses’. Because of their wide :Iimnﬁnaﬂnn and ecase of
demonstration in the laboratory, they were easy to identify, and,
because wmllﬁur.s usually studied sick people, the viruses were
obviously found in ‘highly suspicious circumstances’.7

Hucbner noted that cmfuf attention to the spirit of Kochs and
Rivers's postulates should prevent misidentification of these agents,
but he believed that additional guidelines might be helpful. He thus
proposed a nine-point program thit stressed the Impnrtam:: of fully
characterizing any new virus in the laboratory and emphasized the
role of epidemiologic and serologic studies Furthermore, he recog-

31 The conderemoe Virner da Seawed of Dicrare was iponsoted e Mew York Acwdem
Section on Biology, 24.25 May 1956 Papers from it were publ mdﬂlﬁbd#ﬁr:‘l’mﬁwﬁﬂwﬁ-}
of Serence, 67 (1957), 209444,

# Robert | Huoehner, “The Virodogis's Dikenma”, Amnals of the M York Acidemy of Soemcer, 67
(19571, 430-38, discwsgon follrwing, pp. 43945, qeatatims from po 430

W Thid., p. 494,

M Huebrer's paidelines ma aphrased s follows:

1. The virus izt be o -lru]mlﬂrl}utmbtndhlmdhﬂhﬂlﬂmrﬂm

2. The wirus enust be sbaram po be of human origin and net a contesminant or @ vina from experi
miental animade

The virus must be shown o produce en sctive infectsan by eveldng an increase in seredogically
el by hsiciarknd sacky sl —— Iy as possible
Wi rascte s that oo cun as pacempEly as
ol w-lr:-.tydnnhdwmmhtdmwﬂrﬂ
m:]'midb-emunﬂ]’pmnllrdmﬂ:l ific illness.
uu&ndlhrnmmhmmmlmnmlhhddb:hnh%pwﬂ-mmu
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nized that several viruses might cause similar symptoms and that, for
some illnesses, two or more viruses at once might be responsible.®
Development of a vaccine that would prevent a specific disease, he
suggested, would demonstrate etiology in a most convincing way. In
this paper, Huebner introduced no new criteria. His suggestions were

borations and refinements of Riverss postulates that incorporated
the new technologies developed since the 1930s.

Hepatitis, Infectious Mononucleosis, and Seroepidemiological Proof

Huebner's guidelines recognized the importance of epidemiological
data and clinical studies in establishing the association of a virus with
a disease, and they underscored Rivers's observation about the impor-
tance of unmuno?::rgu::nl tests. They were constructed, however, to as-
sist virologists who had no trouble cultivating viruses in the labora-
tory. In contrast, the agents responsible for hepatitis and for infectious
mononucleosis I‘Hiw:cf laboratory culture for decades. Their identifi-
cation, moreover, incorporated an entirely new way of demonstrating

etiology.

B}r%e end of World War 11, epidemiological and clinical studies in
human volunteers had confirmed that there were two forms of hepa-
titis, designated A and B, but their causal agents remained unknown. o
S0, too, the cause of infectious mononucleosis, sometimes called

3 Fll-nw for sdoquately trained technical help and for epidemiclagieal, elisdeal, snd labo
radney

See ibid, pp. 433.37,
B Ibid., pp. 431, 434, Alfred Evani codified these idess into a table enticied “The Five Realition of
Aome Disease™

]

7

ratory
sams clinlcal wymd may be produced by a varery of Ei,
" lﬂmﬂiﬂlﬁﬁ:mrl:tdmrlﬂﬁm;lﬁmlntﬁnn

- The p 1 sgent in @ given climical syndrome may vary acconding to the age group in-

wobved, the yeas, Jocation, and the type of imilitary or civiliant
4.wﬂlm|;mmw' mlhtb-djnl;dinﬂﬁndmp

S.Ehemriumuﬂiﬂnhmm of common infectious disease symdromes il un-
Fstru,

See Alfred 5. Evani, Canation and Diseuse: the Henle-Koch Posvalases Fevialsed’, Yele Jourmal of
Bivdogy and Medicime, 4% (1578}, 175-9%; chis list from rable 4, p. 181

¥ There is & large literature on iy, Owerviews wmed for this disousion incloded W, Faul
Hirerns, Jr., “Infecticnss Hepatiah®, M me, 27 (19E8), 27900 Feank W Harman, Gesakl A
Lolerippn, John . Mateer, mnd James Barron, (eda), Hepettis Fromtiers (Bosson: Litde, Brown, 19570,
B Wi by e Ford Hospital, Detroir, Michigan, 25-27 Ociober 1936 Joseph L
Hmdu.u-u K. Direesman, and F. Blaine Hollinger. “Viral rhpdﬁ:'.jm:fkﬁm,ni'u:?
1977), #4-32;, A |, Backerman, Humsan Vieal Heparis: Hepatitn-Associated Antigen and Viruses, 2nd
ree (Mew York: Elioder, 19730 Irving Millman, Toby K Enendcein, and Barach 5. Blumberg. (eds ).
Hepatatir B: The Views, ibe Divetiv. wnd the Vaccine, procesdings of & spmposium hdd 11-12 Nevember
1952 in Philadelphia, Penmsybvania, New York: Pleaum Press, 1984,
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‘glandular fever’ eluded detection.” Although epidemiological eviden-
ce pointed to viral etiologies, investigators in the 1950s and early
1960s could neither grow the presumed viruses in cultures nor iden-
tify them with the electron microscope.

In 1964, M. A. Epstein, Y. M. Barr, and B. G. Achong demon-
strated herpes-like particles under the clectron microscope in tumor
cells cultured from a patient with what is now called Burkitt’s
lymphoma. The following vear, Baruch Blumberg of the Fox Chase
Cancer Center in Philadelphia, Pennsylvania, published his discovery
of a new antigen in the serum of an Australian aborigine. Neither of
these agents had been linked with any infectious disease, but recently
developed immunological tests administered in large-scale epidemiolo-
gical studies eventually demonstrated that they a causal relation to
infectious mononucleosis and hepatitis B, respectively.® Furthermore,
with the advent of genetic engineering, the hepatitis B surface antigen
could be cloned to produce an effective vaccine. This achievement
would certainly have satisfied Huebner's guideline that an effecrive
preventative would link an agent c[inlugicnﬁy to a disease, even in the
absence of virus identification.

Such immunological and epidemiological techniques have strongly
influenced the thi.n{j.ng of the most recent generation of scientists. In
another key paper examining methods of scientific proof, Alfred 5.
Evans of Yale University outlined the method for demonstrating cau-
sation of disease by immunological methods. His criteria are:

1. Antibody to the agent is regularly absent prior to the disease and 1o
exposure to the agent (i.e., before the incubation period).

2. Antibody to the agent regularly appears during illness and includes
both IgG- and IgM-type antibodies.

3. The presence of antibody to the agent indicates immunity to the cli-
nical disease associated with primary infection by the agent.

4. The absence of antibody to the agent indicates susceptibility to both
infection and the disease produced by the agent.

5. Antibody to no other agent should be similarly associated with the
disease unless it is a cofactor in its production.*

Points 1 and 4 in this scheme restate in immunological terms
Koch's first postulate, that without the virus, no discase exists. Point
5 notes that only one virus must be associated with the disease to be

3 [y infectious momonsclecsis, wee B 5. Chang, Tefactioms M fearr (P : Hall, 19800 Dinid
&hl:ubm% tedl.), Imfecrions Mowomucron, 2d od. New Yock: Springer-Veelag, 1955,

1 Bee Frana's discimsion of chis B ‘Canation snd Diesee’, pp. 18254

M Ibid., p. 154
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termed :tidcfcal. unless, of course, two or more viruses act together
to produce the disease, Points 2 and 3 reflect the actual sequence
observed in hepatitis and in infectious mononucleosis, but these two
‘postulates’ are not applicable to all infectious discases.

Subviral Agents and Kock's Postulates

The recognition of rwo subviral agents, one accepted and another
under investigation, should be mentioned briefly, because they empha-
size the fact that Nature continues to surprise us with pathogens that
may require an alteration in methodology to demonstrate their exist-
ence. The first is the viroid, essentially a free nucleic acid without the
characteristic virus-like protein coat, which has been identified as the

thogen responsible for several diseases of plants. During the 1960s,

. . Diener of the University of Maryland and the U.S. Department
of Agriculture established that a viroid was the cause of potato
spindle tuber disease. Subsequently, viroids have also been li 10
other plant diseases™ In studying the etiology of plant diseases,
immunological methods like those used in hepatitis research are not
applicable, because plants have no immune systems comparable to
ose of animals.

Koch's postulates have been adapted, however, for research on the
etiology ofc;hnt diseases. This set of criteria was prepared by L. Bos
g{ TJI'.:'.[' h]:.ﬂmrch Institute for Plant Protection in Wageningen, the

et st

1. The virus must be concomitant with the disease,
2. It must be isolated from the diseased plant:
- scparated from contaminating pa
— multiplied in a mp:lgal.h;r%mt
- isolated from p]I:.n[ sap and purified physicochemically
~ identified for its intrinsic properties.
3. E’h:n inoculated into a healthy host plant, it must reproduce the
sease,
4. The same virus must be demonstrated to occur in and must be re-
isolated from the experimental host.*?

T, O, Deener, “The Viroid™. In: Frank Fenmer and Adrian |. Gibbe, leda.), Porirsinr of Virsee: A
‘;ﬂ;’"ﬂl of Wiredogy, Basel: Karger, 1988, pp. 189-204; jdem., (ad.), The Vieids, Mew Yosk: Plenisn Press,

¥ L. Bos, ‘Hundred Years of Koch's Posrulaies and ibe Hisiory of Etiology in Plant Vinas Research',
Nerberlends fovemal of Plami Patbology, 87 (1981, 91-110% exp. eabile 4, p. 101,
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Satisfaction of point two, argues T. O, Diener, is ‘much more com-
plex’ than fulfillment of Koch's original criterion that bacteria be
rown in pure laboratory culture.* The methods of molecular biology,
owever, have enhanced physical and chemical characterization of
both plant and animal pathogens.

The second, a putative subviral agent, is the unconventional slow
virus, sometimes called a prion. Described as the antithesis of the
viroid, this pathogen has been defined as an infectious particle com-
prised of protein with no identfiable nucleic acid.** An unconventional
slow virus was first proposed as the agent responsible for kuru, a faral
disease found in New Guinea, by D. Carleton Gajdusek. Slow viruses
have also been linked to Creutzfeldi-Jakob disease, Gerstmann-
Striussler syndrome, and several fatal diseases in animals. These
agents, which affect the central nervous system, have lon%incubminn
periods and elicit no immunological response from their hosts - thus
making serological studies as useless as in plant diseases. They resist
treatment with standard agents that kill viruses and bacteria and are
always fatal. As yert, this zf:ss of pathogen has not been fully charac-
terized. In 1974, however, Richard T. Johnson of the Johns Hopkins
University School of Medicine and C. J. Gibbs, Jr., of the National
Institutes of Health, took on the task of formulating criteria for esta-
blishing eti in unconventional slow viral infections. The criteria
they developed are:

1. There should be consistency in the transmission of the disease 1o
experimental animals or some consistency in the recovery of the
virus in cell cultures, and this transmission or recovery should be
confirmed by more than one Iibumtnr}r.

2. Either serial transmission of the clinicopathologic process should be
accomplished using filtered material and serial dilutions to establish
replication of the agent, or the recoverable agent should be demon-
strated with consistency in the diseased tissue by electron mi-
croscopic, immunofluorescent, or other methods, and should be
demonstrated in the appropriate cells to explain the lesions.

5T, O, Deener 1o Victoris A Flarden, 5, 1990, file "H of Vieohsgy Course, 1990,
Correspondence’, MIH Hisoddcal Cfice. | am gratefid to Dr. Diener for his comments and suggested

¥ On adow vinm discsscs and the prion, see Rickard T. Jobmson, ‘Chronic Infectious Meuropachic
Agente: Possible Mechanisms of Par ' Corrrmr Toprcr dim Miobsology awd [ . 40
171, 3-8, 54-.;5 B Prosiner sl Michael P McKindey, (eds.), Priowr Newel Pafrerioar P R

r Crraitgleldi.Jakob Diveare (San Dhego, 1 Academic Press, 1987); Karimami Dioh-
wra; Jan Taicishi; Te i Kinsmoto; Hiropd Seakk, and Yoshivukl Sakekd, ‘Creutefeldi-Jacob discase
patients with ilic Hulm hwre the Mimensse Variant Price Prosin Commen @

M D, Carleton Gajcusch, Uncomventional Viruses and the Ovigin and Disspresrance of Kund,
Mobel locturn reprinted in Saiemce, 197 (1977), %4360, esp. rable §, p. 944, yen
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3. Parallel srudies of normal tissues or tissues of patients with other
diseases should be carried out 1o establish that the agent is not an
ubiquitous agent or a contaminant.**

Johnson and Gibbs's criteria are reminiscent of Rivers's in their bre-
vity, their generality, and their demands for rigor. Having established
the necessity argument, that without the agent, no disease occurs,
seck to fulfill the sufficiency argument that would characterize a spe-
cific entity and demonstrate that it will induce the disease.

Koch's Pastulates and HIV as the Cause ﬂfﬂfﬂf

The central purpose of the various versions of Koch's postulates,
their modifications, and alternative eriteria for establishing disease
etiology has been to provide mechanisms by which the logical argu-
mcms of necessity and sufficiency could be satisfied. As sophistication

aboratory experimentation has increased, some particulars of these
rulu ha m-{mnged The characteristics of p-ecu.ﬁc agents under inves-
tigation, furthermore, have also required alterations in method. Those
investigators most successful in elucidating the etiology of new disca-
ses have grasped the philosophical essence of Koch's postulates and
have shaped or reshaped their techniques toward solving a particular
roblem. Thus Ricketts and Wolbach did not feel hampered by the
act that rickettsiae would not grow on lifeless media; Rivers empha-
smnd that poliovirus was the cause of polio even if it could not be iso-
lated from every case at any given time; Blumberg realized that the
Australia antigen could serve as an indicator of heparitis B infection
even though no virus had been isolated; and Gadjusek recognized that
kuru was the result of an infectious process even though no u::al
symptoms of infection were present. With these points in mind,
examine the debate over the Human Immunodeficiency Virus as thc
cause of AIDS.

Peter H. Duesberg is noted for his research on viral oncogenes. He
is a member of the prestigious National Academy of Sciences in the
United States. Dues published his original criticism of HIV in
1987 in a paper entitled ‘Retroviruses as Carcinogens and Pathogens:
Expectations and Reality.” The title itself indicates that Duesberg’s
arguments are not limited to the AIDS agent but encompass all retro-
viruses that do not possess transforming onc, or cancer causing, genes.

T H T. Johreon aead O J. GGilsha, [r., "Editorial: Koch's Poatulites and Show Infection of the Menwin
System’, Archives of Newralogy, W0 (19740, 3438,
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‘Retroviruses without onc genes', stated, are ‘the most com-
mon and benign passenger viruses of ]'rc:frh}r animals and humans. "=
He argued that HIV is likely such a passenger virus with no signifi-
cant pathological effect.

Duesberg elaborated his arguments in a second paper published in
the ngs of the National Academy of Sciences, USAM A mnjnr
element in his objection to HIV as the cause of AIDS is that the virus,
in his judgment, fails to satisfy Koch's postulates. In both the Camcer
Rﬂeﬂm& and the PNAS papers, he E:I{pllﬂtl}l' sets forth his understand-
ing of Koch’s postulates:

1. The microorganism must be found in all cases of the disease.

2. It must be isolated from the host and grown in pure culiure.

3. It must reproduce the original disease when introduced into a
susceptible host.

4. It must be found present in the experimental host so infected.®2

This version of Koch's postulates is obviously based on Koch's later
work. In Duesberg’s restatement of Koch’s postulates, points 2, 3, and
4 all relate to the sufficiency argument: the organism must be cultured
and demonstrated to induce the discase — that |5. with the organism,
there is disease. Because hosts can react differently to contact with
pathogens, this line of argument is much more ::u.lr to prove in
the case of a new organism than is the necessity argument, stated in
point 1: without the ﬂrﬁwm there is no disease.

Duesherg, it should be noted, cited Alfred Evans's 1976 review of
methods of scientific proof, ‘Causation and Disease’, in the notes to
his PNAS paper, indicating that he was aware of varied approaches to
demonstrating causality+* Furthermore, he referred to and cited
Robert Huebner’s guidelines to demonstrating etiology of viruses,
which Evans discussed, but he ignored Thomas Rivers's modification
of Koch's postulates, also discussed by Evans# One possible reason

# Peter H. Duciberg. "Ratrmovinases as Carcinogens and Patbogess: Expectations and Kealiy', Cawoer
Research, 4T [19E7), 11991220 qootation brem p. 1200
1 Peter H. Duetherg. Human Immuonodeficdency Vina amd Acguired Imsunodeficiency Syndrome:
whm&m Mﬂpa{:&fh#ﬂnﬂ'.{a&nydw LIS A 86 (1989, 755448
42 Chussherg, mu&mmmdﬁ'm Expectathons an Reality’, p. 1193, o, 3. I
ks paper, I-hmmlmmkfmﬁmuﬂﬂmuﬂdlmunﬂaﬁnaﬂ Syndrome: Correlation but
o Causation' &.ﬂhﬂ!ulh:u-ﬁ;hdymﬂuﬂmmﬁm l]'lnl:pmd-l-lnlllll-nlhl
“the parasite must be present i every single case of the discase. under conditions thar can accouns for
the puchologieal bealoen and the clindeal course of the disease”. .. Koch fumher postulsted that i must be
pm'ﬂfmhuhuudmueﬂﬂﬂdqp{dqmtﬁmﬂmﬂﬂﬂdhﬂr Kok’ thied
mml;:;ﬂ];j[;;?dm the diwcase by cxperimental infection of a uuuH-rhnuwh]'u.mrplﬂ'mr
gen i
Eh.uhﬂg, ‘Human Immuncdeficiency Vinm  and .ﬁrq.-'ud Immusadeficioney  Syndnome
C-:ln:htlml:l.rtnutﬂm.lm P76, o 6T
i Thad,, p. T8N, 5. B8
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for this is that Rivers's first postulate, ‘A specific virus must be found
associated with a disease with a degree u?ccmgulnﬁl ", would weaken
Duesberg’s argument that HIV has not been found in every case of
AIDS. In short, although Duesberg acquainted himself with Evans’s
discussion of the changing nature of Koch's postulates, he chose to
frame his discussion rigidly within the limits of the classical version.

In 1988 Science magazine published a Policy Forum in which
Duesberg and his critics summarized their arguments.® Those scienti-
sts supporting HIV as the cause of AIDS were William Blattner and
Robert Gallo of the US. National Cancer Institute and Howard
Temin of the University of Wisconsin, Madison - all three distingui-
shed investigators. They, too, cited Alfred Evans's paper, using it to
support their statement that Koch's postulates provide ‘a useful histo-
rimfmrefcrmm point, but were not regarded as rigid criteria by Koch
himself and should not be so regarded today’.+

Duesherg argued that HIV is in violation of Koch's first postulate

cause it is not possible to detect free virus, provirus, or viral RINA
in all cases of AIDS, HIV also failed to meet Koch's second postulate,
he stated, because it cannot be isolated from 20 to 50% of AIDS
cases. Blatner and colleagues responded to these two arguments
together. They pointed out that both detection and isolation of the
virus were hampered by the limitations of existing laboratory methods
and that increasingly sensitive tests show HIV infection ‘in essentially
all AIDS patients’.

In this exch . both Duesberg and Blattner and colleagues have
transformed K:;ﬁ second postulate — the isolation of the organism-
into a restatement of the first postulate — the organism must be pre-
sent in all cases of the disease. In earlier debates over etiology, the iso-
lation of the organism in pure culture was not required in every case;
it was instead linked with efforts to demonstrate that the organism
was sufficient to cause disease in experimental animals. Understanding
that both of these statements reflect the necessity argument, we must
ask whether Duesberg is being too rigid - this is where Rivers's first
postulate would have hurt his arguement - in requiring that HIV be
identified in alf cases before accepting the agent as the cause of the
disease. In contrast, we should also if Blartner and colleagues are

1 Beries of sbort papers in Policy Forum, Sowmce, 421 (19881, 314-317, Specific titkes of thes papers
Peter Duesherg, “HIV is Mot the Cause of AIDS'; ‘Blazner and Colleagues Resposs] o Duciberg’; W.
Blakimer, Fli_ﬂ Gallo, and H. M. Temén, ‘HIV Causes AIDS'; 'Doobeygs Boponse 1o Blastoer and

“‘Enm and Colleagises Respond b0 Chassber’, p. 3140 p. 317, 0 L.
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lmnﬂuirkl}r discounting AIDS deaths in which HIV had not been
found by prevailing methods.

Duesberg also contended that HIV is in violation of Koch's third
Eosrulatc because ‘pure HIV does not reproduce AIDS when inocu-

ted into chimpanzees or accidentally into healthy humans.” Blattner
and colleagues easily rebutted the chimpanzee portion of this argu-
ment, noting that ‘most viruses are species-specitic in host range and
in capacity to produce discase’. They contended, furthermore, thar
HIV ‘does indeed cause AIDS when inoculated into humans' who
have no underlying medical condition that might also account for the
resulting immurﬁeﬁci&nm ‘Accidental needlestick injuries with HIV-
contaminated needles’, they stated, “have resulted in HIV seroconver-
sion and then clinical AIDS". This is true, but Duesberg’s assertion
that not every needlestick has resulted in seroconversion is also true.
since it is well known that host defense mechanisms vary, and since
no disease organism produces frank infection in every contact with a
host, the evidence from accidental needlesticks supports Blattner and
colleagues’ argument more strongly than it does Duesberg’s.

In addition to the arguments based on Koch's postulates, Duesberg
presented additional objections to HIV, most of which were easily
refuted by Blattner, Gallo, and Temin. Utilizing the immunological
model that proved useful in studies of hepatitis and infectious mono-
nucleosis, Duesberg stated that it is paradoxical for HIV to cause
AIDS only after the onset of antiviral immunity, arguing that all other
viruses are most pathogenic before immunity is detected. He also
asserted that the long incubation period, up to eight years or more, is
bizarre for a virus that replicates in one or two days. In this argument,
Duesberg appears to be requiring that HIV and other new retrovirus-
es follow a specifically defined, disease-inducing process. Blattner and

countered with the observation iar. many viruses are

thogenic after immunity appears and have long and variable latent

periods. Research on unconventional slow viruses has also demonstra-

ted long latency periods and viral activity without any detectable
Immune response.

Duesberg’s observation that retroviruses typically promote cell
growth rather than kill cells is similarly weak. Several retroviruses,
such as Rous-associated virus-2, spleen necrosis virus, and visna virus
all kill infected cells in culture and establish a chronic stage of infec-
tion in which surviving infected cells continue o divide. Weakest of
all, perhaps, is Duesherg’s argument that the epidemiology of AIDS
indicates that the virus has a country-specific host range and a risk
group-specific pathology. As Blattner and colleagues pointed our, the
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cpidemi simply reflects the spread of the virus, which has depend-
ed on social and environmental factors in the different countries where
it has been identified.

Duesherg put forth two final arguments that have intrinsic merit but
that may not be relevant to the question of causation. He contended
that the retrovirus ‘is not biochemically active’ in the disease, infecting
only a small number of the T cells it is su to destroy. Blattner,
Gaﬁ . and Temin observed that the virus also infects macraphage and
m cells as well as T cells, and they argued that mmplet;E:m.'I-
edge die‘faar]mgemsis of the disease is not necessary to establish etio-
logy. Second, Duesberg contended that it is highly improbable that the
two viruses linked to AIDS, HIV-1 and HIV-2, could have evolved
within the short time span that HIV has supposedly been in existence.
Blattner and colleagues refuted this argument with the observation that
although the question of the origin of these viruses is interesting, it has
no bearing on whether HIV causes AIDS.

Blattner, Gallo, and Temin bolstered their case for HIV as the
cause of AIDS with epidemiological evidence. Relying on serological
testing methods, they noted that in every group studicd prospectively,
positive  seroconversion was followed by progressive immunu-dcf{
ciency and clinical AIDS ‘in a predictable sequence’. They also cited
cases of AIDS following bl transfusions and cases in infants of
mothers with AIDS, both of which have been linked to HIV infec-
tion, Finally, they argued that interruption of HIV transmission by
su:n::n'm? donated blood for HIV antibodies halted the further inci-
dence of AIDS in blood transfusion recipients, ‘Scientists conclude,’
they state, ‘that a virus causes a disease if the virus is consistently
associated with the disease and if disruption of transmission of the
virus prevents occurrence of the disease’.

This argument strongly resembles Koch's argument about the rela-
tion of the comma bacillus to cholera, It is based primarily on the
necessity argument: without HIV there is no AIDS. Yet it also in-
cludes two weak sufficiency arguments: in most cases, the presence of
HIV is followed by the onset of AIDS, and, in most cases of AIDS,
HIV has been identified. William Blattner strongly reiterated his con-
viction about this in an interview. When asked what convinced him
that HIV caused AIDS, he replied:

People who had intact Tocell subsets were not antibody positive; ¢ who had
severely depressed T-cell subsets had antibodies. People who a lifestyle that
piat them at greatest risk for infection were infected; le who en in safe
sex and did not abuse drugs were not as likely 1o be infected. OF people for
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whom we had serological samples, those wh ried developed AIDS.
People who did not sero-convert did not &u&ﬂﬂ%‘:

Duesberg contended that epidemiological and serclogical evidence
was not enough. Although he mentioned several sp:coiﬁc objections,
his reburtal to Blattner and colleagues and his own major argu-
ment hung on the possibility that HIV could be a nontoxic passenger
virus and that some other pathogen or factor will be found to be the
real cause of AIDS, Thus we return to Duesberg's demands that HIV
demonstrated sufficient to cause the disease. The rifid form in
which Duesberg cast this requirement is, as yet, impossible to satisfy.
Some- people have not sero-converted when exposed, and some sero-
positive persons have not yer developed AIDS, even though the evi-
dence is strong that they will.

Most scientists have dismissed out-of-hand Duesberg’s objection 1o
HIV as the cause of AIDS, yet his call for a higher order of proof than
has yet been attained is not without merit. AIDS is a new disease, and
we should not forget that Nature has surprised us in the past as we
searched to understand disease etiology. Indeed, new information about
mycal;mms as a possible cofactor in AIDS has recently stimulated a
new line of investigation. Mycoplasmas are bacteria that do not form a
cell wall. Lacking ﬁe cell-wall proteins that elicit an immune response,
these organisms can more easily ‘hide’ from the body’s defenses.

In 1989 Shyh-Ching Lo of the US. Armed Forces Institute of
Pathology and his collaborators published information about a patho-
genic mycoplasma, which ts in wasting syndromes similar to
AIDS in both humans and non-human primates.# Luc Montagnier of
the Pasteur Institute in Paris and his associates also reported that
tetracycline analogs can protect cells from HIV-induced cell lysis. This
observation led them to suggest that a mycoplasma may be involved,

7 William A. Blatner, interview by Vioiosia & Hedes end Desnbs Bodeigees, March 2, 1990,
Muticnal Cencer Inatinue, Bethesda, Mandand; copy in NTH Historical Office files

= ", in F J. Toewors, B B Punke, and C. L. Case, Miorodvedogy: Aw Introdwction, 2rd
ed, e, Caif - ﬂu'-':'nﬂ:mu'l.i:p, 1984, », 289,

B 5 ing Lo, James Wal-Kiso Shik, Perry B, Mewion, 111, Dennis M. Wong, Mickad M. Fayes,
Jamst K. . ). Weear, and Rickard Yuan-Hu Weng, *Vins-like Infocnous Agent (VLIA] is a
Movel Patbogendc i Myoplarms reeogrines’, American Journal of Tropial Medidee amd
ﬁﬂh 41 (19E9), Foe-0l; 5. C. Lo, M. 5, Dawson, D, M. Wong, P B. Newton, 11, M. A Sonoda,

LE Engler, &Y. Wang, I, W Shah, H. J. Alver, and [ ]. Wear, ‘Tdentification of Myopleims femgritar
Infection in Patenss with AIDS: an Immunobisechomical, i riw Hybridization and Ulrastrsceursl
Seudy’, ibicl., 601-16. See also C. Saillard, P, Carle, |, M, Bond, C, Bbéar, 5. C. Lo, J. W Shib, B Y.
mu-Lh.nd].mﬂm:md&mhﬁ Relsedness beracer Mpnplares frmenianr
Seraims end @ Mycoplisma v Idensified in Tisoes of AIDS and pon-AIDS Paderas’, Krivarch
Voo, 141 {1990), 185.95.
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cting synergistically with HIV in the production of pathogenicity.»
Thus far this research has produced no conclusions nb-uutht??: mll:tyl:rf
mycoplasmas in AIDS. Many gquestions will need to be answered
before any definitive link can be asserted.”

The dmmw.qr of mycoplasmas in connection with AIDS does not
necessarily support Duesberg’s skepticism about HIV. Their advent,
however, underscores a key point, which, 1 believe, has been evident
in the historical experience with Koch's postulates. Establishing
beyond cavil the etiology of a disease requires time, experience, new
scientific data, and mcnm!ﬂu.-s technique. Although the power of
laboratory methods may enhance the of studies that can be
done, the successful investigator, like rt Koch himself, must pos-
sess those priceless attributes that Thomas Rnrers advocated: ‘common
sense, proper training and sound reasoning’. The revision of Koch's
postulates seems destined to continue. What changes may be required
in research on the etiology of AIDS remain to be seen.
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