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The low incidence of the disease also complicates evaluation of a vaccine.
Presently, a community is considered to have an epidemic when it has 35
cases of polio per year per 100,000 population. In Oak Park with a popu-
lation of 61,000, 21 or more cases constitutes an epidemie. Since Oak Park
has about 500 blocks, this means 1 case of polio per year to 25 blocks. We
have had ouly one epidemic of polio in the recorded history of Oak Park.
In a high incidence disease like measles, on the other hand, it is ¢common to
have 21 cases in a single block. The diffienlly in evaluating the efficacy of
a vaceine against polio as contrasted to measles is obvious.

Because of the low incidence of polie, neither the private physician nor
the local public health physician is in a position to judge the value of polio
vaceine from personal experience alone, One central source must collect and
evaluate the data. The result will be only as good as the thoroughness, objec-
tivity, and statistical skills of the central source, Iart of the difficolty in the
evaluation of the Salk vaccine has been that the responsible authorities have
not refined the techniques for evalunating high incidence dizenses so that they
can be applied to low incidence diseases.

We must also distinguish between polio infection and the clinical disease.
Tuberculosis, where we have the tuberculin reactor which signifies infection
as contrasted to the reportable clinical disease, is the prototype. For every
one case of known paralytic polio we have about a thousand cases of sub-
clinical polio infectionms. The latter accounts for the high degree of natural
immunity in adults. Crucial to the understanding of the contemporary vaccine
problem is that you can get infection of the gut with or without disease.

The theory of the killed vaccine is that eirenlating antibodies in sufficient
amounts will neutralize pollo virus before it reaches the central nervous system.
One of the major disappointments of the killed vaccine is that eirculating
antibodies alone do not protect against alimentary infection, Only when the
local immunity follows an alimentary infection are we capable of achieving a
more consistent immunity against the disease. Circulating antibodies produced
by a killed vaccine do not prevent the multiplication of enormous numbers of
polio virus in the gut, nor their breakthrough into the circulatory systems.
Protection depends on the presence of circulating antibodies in sufficient titer
to offset virus entering (he ecirenlatory systems, Immunily of this type is
predominantly relative.

This concludes our review. Dr. Greenberg will lannch us inte our panel
discussion.

Dgr. BeErNArp GrREENBERG. 1 agreed, as a participant of this panel, to discuss
the present status of the Salk vaccine as a statistician. As such, my primary
concern, my only concern, is the very misleading way that most of (his
data has been handled from a statistical point of view.

There has been a rise during the past 2 years in the incidence rates of
paralytie poliomyelitis in the United States. The rate in 1958 was about 50
percent higher than that for 1957, and in 1959 about 80 percent higher than
in 1958, If 1959 is compared with low year of 1957, the increase is about
170 percent. At the smme time, the rates for nonparalytic polic have been
declining in relation to the 1957 base.

As a result of this trend in paralytic poliomnyelitis, various officials in the
Publie Iealth Service, official health agencies, and one large voluntary health
organization have been utilizing the press, radio, television, and other media
to sound an alarm bell in a heroie effort to persuade more Americans to take
advantage of the vaccination procedures available to them.

Although such a program might be desirable until live virns vaccines are
available to us on more than an experimental basis, the misinformation and
unjustified conclusions about the cause of this rise in incidence give concern to

those interested in a sound program based on logie and fact rather than
personal opinion and prejudice.

2 Prior to the introduction of the Salk vaceine the National Foundatlon defined an epl-
demie as 20 or more cases of pollo per yenr per 100,000 population, On this basls there
were many epldemies throughout the United States yearly. The present higher rate has
resulted In not o renl, but n pemantic elimination of epldemices.
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One of the most obvious pieves of misinformation heing deliver
American public is that the 30-percent rise in paralytic p(ﬁinmye-]itnler;1 htlolit}}"l:g
and the real accelerated increase in 1959 have heen caused hy i)ers-inns fail-
ing to pe viaccinated. This represents a cerlain amonnt of "d'nubletnlk“ and
an u.mnlliugnesa to face facts and to evaluate the true effectiveness of the Salk
vaccine. It is doubletalk from the standpoint of logical reasoning: If 'the
Salk w_'act‘il}e is to take credit for the decline from 1935 to 1957 l.urw can
those mdlwdu_nls who were vaccinated several yenrs ago runtril-lu,te to  the
increase in 14958 and 10597 Are not these persons still vaccinated? '
f Th_e number of persons over £ years of age in 1960 who h.‘tv.e not been
\{tccmated mnuot_ be more, and must be considerably less, than the number
\\'-ho had no vs.cymutinm in 1957. Yet, a recent Associated Press release to
;mrn about the impending threat referred to the idea that the “main reason
s that millions of children and adults have never been vaceinated.” If they
were never vut_zcinateg, undoubtedly many more than were reported were un-
vaccinated during 1055, 1956, and 1957 when the same officials were claiming
th%l; nigu;‘g:ign i;zhrséte:i was due to the vaceine. '

u e that t e vaccine has been only a temporary stopgap an g
ngn;effectt is now wearing off becanse the vaceinated indi\'iﬂuulslfrel nntdmg};lli
ng thelr antibody status through subelinical exposures and booster doses?

One cannot answer this question in the negative with real assurance because
such a possibility is certainly a real one. The reduction of antibody titer
with time is well documented and may explain why some individuals vaceci-
nated 5 years ago have lost their immunization status. On the other hand
?ﬁiﬂlgeumﬁf vagcltrﬁation have taken the .staud that the rate increased hecnusé
il Et all.ﬂ O e American population, about 49 percent, have had no

A scientific examination of the data, and the manner in which the d
manipulated, will reveal that the true effectiv jont s im'l WFN
T O G & et ectiveness of the present Salk vaceine

The remainder of this paper documents this statement.

EFFECTIVENESS OF SALK VACCINE

All here will remember that the field trials in 1954 showed that the vaccine
used was 72 percent oﬁect.lv_e In preventing paralytic poliomyelitis within
1 year, but completely ineffective in preventing nonparalytic polfomvelitiﬁ It
must be remembered that these figures apply to the vaccine used inllﬂ.'r&":md
therefore, _all the Francis report really tells us is that the Malk vacci’ne nf'
;.25;1 mt;l;ras; 72 percent effective in preventing paralytic poliomyelitis for that one

For the 1955 vaccine, certain changes in the manufactu
safety were intrgduced. The vaccine did not contain mertllﬁo?a?tt}e iftr.iltllg tfi‘:;
lﬂm‘produc.t. Live viruses were found in several Iots, and the foundation of
Salkg theory of inactivation was questioned. We were alarmed by the varia-
tion in antigenic potency of different lots from different manufacturers espe-
(-taglr for a product that was to he administered on a mass basis. The Cutter
inmdex]t and the white paper are clearly remembered by those of us who, at
that time, 'qneatmned the wisdom of the program as it was being conducted.
To lnagre “absolute safety,” an extra filtration step was introduced in Novem-
ber 1955. Perhaps Dr. Cox will comment on what this extra filtration step
mtgrhdo to t}ate a;uti{glgnic potency of the vaccine.

e result of that change, as well as the preceding ones, > y -
ness of the present vaccine is unknown. At that veg' tilne—l:'r);:;rgxﬁeerﬁﬁ)g&
the Poliomyelitis l_%urve{llanoe Unit of the Communicable Disease Center puh-
lished a paper which purported to show that in 1955 the vaccine was still as
effective as in 1954, In fact, a report from that unit on December 7, 1945,
went so far as to claim that a single inoculation of the vaccine was aboui
78 percent effective in preventing paralytie poliomyelitis.

i In care and precision, the method of study in this Public Health Service report
was not at all comparable to that of the field trials of 1054. There were
no controls, the data were retrospective, and there were no rigid diagnostie
criteria that could be supervised on a national basis. The claim that one
inoculation was 78 percent effective was too much for anyone to accept.

We were able, fortunately, to conduct a more intensive study in North Caro-
lina, but it was subject to the same limitations of mo real controls, and of
retrospective design. Our purpose was simply to learn the magnitude of the
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bias introduced by faulty statistical manipulations in the Poliomyelitis Sur-
veillanee Unit study. We found that one dose was practically ineffective and
two doses would produce a figure of only about 60 percent reduction among
children 5 to 9 years old. The Poliomyelitis Surveillance Unit study had
reported about 80 percent effectiveness in North Carolina for a single shot.
Why this diserepancy of figures in the two studies?

In a paper on the resnlts of our study delivered before the Biometric Society
and Institute of Mathematical Statistics in April 1956, I pointed out that the
discrepancy was purely a statistical one. There were two biases in the way
the Public Health Service had calculated its rates of attack among the vaccinated
and the unvaccinated.

First of all, the unvaccinated population figure for 5- to 9-year-old children
used in the Public Health Service report was the number given in the 1950
census minug the number of children vaceinated. The number of children aged
b to 9 in 1955 was estimated, however, to be 101,000 more than it was in 1950.
The Public Health Service did not take this increase into account. The omis-
sion of 101,000 children from the unvaccinated population would have increased
the latter roughly from 236,000 to 337,000 children. Hence, the attack rate
for unvaccinated children was overestimated by about 40 percent.

The second bias in the way the Public Health Bervice had calculated rates
involved the period of exposure for the vaccinated children. As the children
were vaccinated each month, they were transferred to the vaccinated group
piecemeal. Before children can be moved to the vaccinated status, however,
one must consider the length of time they remained in the nonvaccinated
group before transference. In the adjustment process, the seasonal incidence
of the disease also must be considered. To obtain correct estimates of the
population who had “one and only one"” inoculation of vaccine, this adjustment
process must be used, not only to transfer first vaccinees into that group, but
also to transfer out those children who obtained second inoculations. Fail-
ure to do so by the Public Health Service accounted for the remainder of
bias between the two studies. Hence, as far back as 1955 and before the extra
filtration step was introduced, the question of whether the Salk vaccine was
really as effective as it was in 1954 could not be answered.

REASONS FOR RECENT INCREASE

If the vaccine wag not as effective, one might wonder why the tremendous
reduction occurred in the 1955, 1956, and 1957 reported rates. Here, again,
much of this reduction was a statistical artifact.

Prior to 1954 any physician who reported paralytic poliomyelitia was doing
his patient a service by way of subsidizing the cost of hospitalization and
was being community-minded in reporting a communicable disease. The cri-
terion of diagnosis at that time in most health departments followed the World
Health Organization definition: “Spinal paralytic poliomyelitis; sign and symp-
toms of nonparalytic poliomyelitis with the addition of partial or complete
paralysis of one or more muscle groups, detected on two examinations at least
24 hours apart.”

Note that “two examinations at least 24 hours apart” was all that was
required. Laboratory confirmation and presence of residual paralysis was not
required. In 1955 the criteria were changed to conform more closely to the
definition used in the 1954 field trials: residual paralysis was determined
10 to 20 days after onset of illness and again 50 to 70 days after onset. The
influence of the field trials is still evident in most health departments; unless
there is residual involvement at least 60 days after onset, a case of poliomyelitis
is not considered paralytic.

This change in definition meant that in 1950 we started reporting a new
disease, namely, paralytic poliomyelitis with a longer lasting paralysis. Tur-
thermore, diagnostic procedures have continued to be refined. Coxsackie virus
infections and aseptic meningitis have been distinguished from paralytic polio-
myelitis. Prior to 1954 large numbers of these cases undoubtedly were mis-
labeled as -paralytic poliomyelitis. Thus, simply by changes in diagnostic
criteria, the number of paralytic cases was predetermined to decrease in 1955-
1057, whether or not any vaccine was used. At the same time, the number of
nonparalytic cases was bound to increase because any case of poliomyelitis-
like disense which eould not be classified as paralytic poliomyelitis according
to the new eriteria was classified as nonparalytic poliomyelitis. Many of these
easges, although reported as such, were not nonparalytic poliomyelitis. If this
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inaccurate number of cases of non
paralytic poliomyelitis r 1
?ccepted as accurate and considered as a base for gubsequ:r?to iﬁip{nnri:ggr" ii?
8 %g wonder that we now say nonparalytic cases went down in 1958, *
I 1cetli'e is still another reason for the decrease in the reported paralytie polio-
?ﬁ: i gllfra:?;s e;unoln?as;g: paﬁ;:igﬂxi'gulg of the ipnblicity given the Salk vaccine
oL a vaccinated child developi ic
poliomyelitis. Whenever such an event oceurred, o i i
ascertain whether or not the disease was t “; paraly etfort_wa.u i
fact, I am certain that many health oﬂicerru Mo 4 o e
s and physicians her i
routinely if a child has been vaccinated when si 6 o
f poliomyeliti -
ent during the summer months. We have b en conditio, t g mpres
] B ditioned today t
out false positive cases in a way that was teen  in for to 1054 :
Ag a result of these changes in both di::1 ionte Bod et Ao
Lon es gnosis and diagnostic methods, the
g g paralytic poliomyelitis plummeted from the early 1950's to a low
Why then has there been a recent increase sin ?
o ce 19577
" lréregm?ave the improved methods of diagnosis not prevailed during 1959
The improved methods of diagnosis have
prevailed. The present
goggﬁ?:s, Oi;: ;gg:gg l‘?vs‘; :Inwlvgng-tltlarm, hlmrheasi-ng trend in the I;ncldeuein%;eati%
call paralytic poliomyelitis. Without d
increasing trend has been reduced to some e
extent by the Salk vaccin Ni -
theless, the Salk vaccine has limited effectiv i ili u . 5
reducg this trend. The reduction at the outsil;e?p;ga o e

However, any future substantial reduction i i
s Ar n this tren
potent vaccine, not simply vaccinating more
L 5 people. If there were no othe
vaccine, complete vaecination of all ith
Balljklvaccllne Would be tostt susceptible persons in the population “flth
elays in accepting the new live virus vaceines ma i i
/ ¥ result in a con
2(1; ni;t;(; vlﬂrgr‘lr(é t;l;se:::;lpéﬂl gm?}?e ’J.‘cpch';llyj it miay be a serious mistake to 'ggutfig::f
: > new live virus vaccines under the impr
gl:ﬂ;{ tvlflnecr:lnl: mz h&ua;,\; li)ecausemag almost equivalent immunizer exlstsli] ier? s'i:gg
3 N accepling and promoting better vacecines will be a
ggs;lyt t;:ge. There must be immediate pressure applied to determine whether
meni?a : 0: :;’gxofligclnes are more effective, so that we do not cling, for senti-
to%ay M s 2l reasons, to an older vaceine whose true effectiveness is
UESTION. Are antib lev: =ati i
ne%s e ody levels any indication of the reliability of the effective-
T. Cox. The only way you really can determine v
: y > » vaccine effectiveness is b
?&;;ct %all]fnge. Obviously, in polio you cannot make a direct chullouge-og
DED: : ? lnow, however, from experience with other vaceines that the most
ccurate Indirect method we have is measuring the levels of neutralizing anti-
hoilgeis in illtle blood, e::.iud that's what we're checking,
§ well accepted now that this method represents a spillover of
£ antibodi
ﬂ:‘odaucedtib in the tissue. We do not know, however, the exilmt level of 11e1:n:1'a]1";Ij
ev%deﬁce ?g;isargﬁebi%ar{ toIprote]ct against paralytic polio. There ig increasing
€ j ¥ levels as low as 1:4 are significant. Complement-fixi
antibodies, on the other hand, are not a reliable i : Sorndes SOF 0
. e index of
th%;r nalg‘ssarily correlate with neutralizing antibodies. it
beinr' memnluaze. Dr. Ratner has put me in the position of Devil’s advocate,
thutgthe Sgilkyvgggi 1{1);1 ;t:‘e pal_zfl wnPo al:t one time committed himself in writing
8 quite effective, Rack in 1958 we showed, or thought
we showed, that two doses of Salk vaceine wa : s
R 8 83 percent effective in ti
paralytic polio. We thought this was done T i Ulife table
; ather carefully using a
$$og“%f :]1;?115!31}:?;\!!]'1]1;:1 r&‘o‘;.«;_niz.ie;sdthat the population at riJ.;k chagngesuvaiet:lgg
v 5 e did not, however, ag Dr. Greenberg s i,
give special weight "whi fhin i
1lo%i‘(r) ia greatest?'h to those months of the year in which the risk of contracting
Ve repeated this study of 1955 and 1956 b, j
. 1 y of 197 ] ¥ projecting the same ty £
:Litt:is:gml analysis into 1957. Lo and behold, we found that two doses r.;fpga?k
i “:us not nearly as effective in 1957 as we thought it was in 1956. Instead
percent effectiveness, we found only about 24 percent. Turther, in 1957

we found that it took three dose ‘
had demonstrated with two doses insﬂt)%ﬁf’ome P b e ivoudey Shat e
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But let's leave that aside. Let wme tell you why, aside from the statistical
standpoint, I'm getting nervous abont the Salk vaccine. My first reason is
the definite increase in paralytic polio. In Minnesota we have found that 20
percent of our 1059 paralytic experience has occurred in triple and guadruple
vacvinates. At present, I am an agnostic as far as the efficacy of the Salk
vaccine is concerned becaunse I do not know how effective it is. I believe it
has some degree of effectiveness, but I do not know the extent because 1 cannot
get proper denominators. A denominator which consists of a point determina-
tion of the number of vaccinates as compared to the unvaccinates is absolutely
useless because it ignores the changing character of the risks involved. These
risks vary from day to day depending upon the seasonal peculiarities of polio
infection and the changing character of the Salk vaccinated population.

Laboratory findings are another reason why I am getting nervous. If polio
antibodies mean anything in respeet to protection, then I am forced to conclude
that muech of the Salk vaccine we have been using is useless. For 2 years now
we have done antibody titrations on children who have received three or more
doses of Salk vaccine, These titrations show that over 50 percent do not have
antibodies to types I and I1I and that 20 percent lack antibodies to type II
polio virus. This is a very disturbing fact. When a phenomenon like this occurs
2 years in a row, one has reason to believe that the material we are injecting
is not an antigenic preparation.

I should also like to emphasize Dr. Greenberg's remarks on the changing
concepts of polio. It is now extremely difficult to get a Minnesota physician
to make a preliminary diagnosis and report of nonparalytic polio. We now
know that aseptic meningitis has a much broader etiology than polio virus. In
1956 in much of our so-called nonparalytic polio, the etiology turned out to be
Coxsackie B-5 virus, and in 1957 a staggering outbreak turned out to he Echo
9 virus. 1t is no wonder then that the average doctor does not want to make
a dingnosis of polio in the absence of frank lower motor neuron flaceid paralysis.
As a result, the only polio that's being reported today are cases with frank
paraylsis,

I wonld also like to agree with Dr. Greenberg that the insistence upon a
60-day duration of paralysis for paralytic polio is absolutely silly. There isn’t
a doctor in this room who hasn't seen a case of frank paralytic polio which has
not recovered within 60 days, or at least recovered sufficiently so that you could
not estimate with clinical certainty that there was some residual paralysis.

I would like, then, to have my position understood, at least on this panel,
as that of an agnostic so far as the Salk vaccine is concerned. 1 am not against
it. 1 think it is the only medium we have which has some degree of reliability;
but I think there are better methods, and 1 think we should take advantage of
these methods if it seems at all reasonable.

Dr. Ratveg. Dr. Cox, what has been your experience with antibody findings
in triple or quadruple Salk vaccinates?

Dr. Cox, First let me say that I am convineed that living virus vaceine is going
to be the final answer. I base this statement on my experience in the virus field
since 1928, I am not against killed virus vaccines, I was the first person to
prove that they could be made. This was at the Rockefeller Institute, where I
developed a killed vaccine against eastern equine and western eguine enceph-
alomyelitis. Later, as a bacteriologist at the USPIIS, I produced other killed
vaceines.

I want to emphasize, however, that everything done in the field of virology has
to be quantitative, This applies to living as well as killed virus vaccines. Unless
you have gquantitative methods and know what you are putting into a vaccine
product, you have nothing. The reason our company refused to make the killed
Salk vaceine was because we knew it was impossible to produee enough virus by
known tissue culture methods to make a good killed poliovirug vaceine. We
knew the quantitative requirements for vaceine as far back as 1934, Dr. Salk
has admitted this past year that this principle is true. This basic quantitative
principle is precisely applicable to polio. I am anxious to tell you what we know.

There are very few things that you ecan generalize upon in this field, but one
thing you can depend on is that youn've got fo have at least 100 million particles
per dose to make a killed vaccine that's worth anything. The only single excep-
tion is Rocky Mountain spotted fever vaceine, which has by far the best antigen
that anybody has every found, either in rickettsiology or virology. With spotted
fever you ean make a good killed vaceine with between 10 and 30 million rick-
ettsial particles, but in the case of viruses you must have 100 million virus

particles, as a minimum, and preferably a higher concentration.
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‘We have found that in production
—all the manufacturer i
gc:;e Ei‘;?ilgsﬁen:'gfth uhovehlﬂ to 30 million poliovirusy purtlzlel:;a;grrzﬂﬁﬁ' E:el{ll?gl_
b e e el uredl.uet o.ds. Accordingly, we told our company that to make
broduct we would have to concentrate the vaccine from ;ive-

fold to tenfold for a product that
would meet our standard 5
would be producing a product that a trne scientist could no!:si)e (;:-}ég?i:e’a‘gg

:;Z ﬁi:; |§f ::gzt nl;o bein a Irﬂsltlml Wwhere we could not back the product. It cost
S Ay r arlot;nlltl 39 cents a cubic centimeter to make the rn.-es;ant k(illsg
i cc':sta, ;O:: gl:l sgeytag‘;ttgi ?1:3501(-lt to tenfold and include the additionfll
ba%: in 1950 when we decided not to pr(?r;'m: (;llililltll: I\::c:?sgyl G
€ are now learning, not only in the United S !
Denmark, that the killed product does a mlrly-
against type II poliovirus, But type II represe
Iytie Icasea throughqut the world. The kilied
21?1?: h' J:g;::e;i) which causes 85 percent of paralytic cases
i Mo dn (t);.:; }2 p:arﬁ:nt. In other words, the killed vaceine is doing itﬁ
Heine e the, eas portant type. It took time to find this out. It was
R . nr 35!1,1 when it had its big type I epidemie, They did not
e e dn u;;ﬁ ct; tgc on between the vacecinated and the unvaccinated, I, :(::E
s st _during a type 1II outbreak, there were more pn'mltt:i
e e pl ccinates than in the unvaccinated. Actually, there o
il 111(1 b l:'.l‘r::&];no_\arn i{fmmunologlcal explanation for this il
3 , in 1 en—hig to the Minnesota studies, di 3
tt:;e trIlp[ngl gs‘ar]il:u;mfgnates 57 percent had antibody tit‘e:-ja:dofn t;gggptcchirg ;m : {n
ol ok B b percent had the same lack of antibody titers to ty )el.: ItI)
¥ Janu&r} g 'F ehpe-rcent ln_ld titers of less than four to type 111 1mliovi1§1113 as
e o trht;_a;ry 1958, We found the san le thing in Pear] River peré )it
e New;gI g Is that when you analyze these 1,100 people scattel?ed-
ence between the response of the unvaeelrien waj S, 420 10 ApPreciable iffer-
(Jrqul;;?ill(l)jectit;ns,hto T po]ioviﬂruﬂ. and the Vaccinated, following three
N, what i j i

Sty . d at intervals after the last injuection did you make these anti-

Dr. Cox. These vary, but they'r
ct:’.l::'i'aeé!aim }m_s been méde thatya (;(?ﬂl vlr;:ltglei“ R ek 38 nonthis
(lumtlgg ;Jf ilrlnnnl?uuilty. I don’t know of any killed vaceine that gives a longer
fussion ot n urée t_viE qi do know that in Rocky Mountain spotted fever whig:h
o i {l :: m(l)( <2 percent, the vacecine has eliminated mortality, b;-ovided
typhmus A B hen once a year. The same thing is true with' epidemi
e 'Llla' O'Enl‘t)f gllese are very good killed vaccines, I know 2f nt::;g
g 5, imm ¥ they provide is of short duration and requires yearly

Dr. Rarxer, Dr. Cox, would you relate the effect of {he additional ﬁltratién

step, which was introduced as a i
on the production of a potent Salieim;i‘f ey wesire Ja Nawelitr 2550,

Dr, Cox. fI‘he extra filtration step wns introduced

Of course,
d Salk vaccine should give a longer

through difficulties enconntered in
i production, soo
;rgure there was no live virus, extended the period o? clffr?lg)l)ed uoraﬁms
ven then they had to throw out batches, b . o o
vil,'I?hses to in(a;cftlivate with formalin. '
€ second filtration step was picked out of thi
to back it up. Because it was thought that rasii;g;;lnllirvwmj b
L , the filtrati
ggit:i ;.;l tgfaltlog); th:;t it woulq remove this ageregate. qu‘tf[eolliifrf;[:l vggf ;::tz?:
rsbrieths . Actua]ly :hme you introduce an additional filtration step you losé
e cc;ntent s g,s ecoe t{sfrl‘;aelis found they lose from tenfold to thirtyfold in
boghrebimipan sl i n tration atgp. If you have a smal] amount of antigen
gl - fms e If:::l gltration will only reduce it stil] further, Certainl&
scientiﬂcdnc s 0st confused because of many vested interests, but on n'
¥ virologist will agree that I'm telling you the absolute gospel,

UESTION. Do youn kn ] s
the mnrket? ow the variation of the potency of the Salk vaceine on
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Dr. Cox. Unfortunately, that varies congiderably. The manufacturers are un-
able to quantify virus particles in the killed vaccine because it is too costly. A
good killed vaceine requires a standard, consisting of the number of virus par-
ticles of the strain being used. This standard, of course, will vary with the
strain used in both killed and live vaceines. From experience we know that it is
wise to have a highly virulent strain for good antibody response. That's why
the Mahoney strain, which is highly virulent in monkeys, was chosen as the type
I component of the Salk vaccine. As little as five virus particles of Mahoney
injected intramuscularly will paralyze monkeys.

This virulent strain, however, was responsible for the vaccine-induced out-
breaks in (he spring of 1955. In Idaho, where the people were polio virgins,
the vaccine caused nunerous cases of polio. In New Mexico, Arizona, and else-
where, where natural immunity was present, there were few or no cases.

Dr. RaTNer. Some specific data on the variation in potency may be of interest.
New York State Health Department investigators reported in September 1956
that there was a 600-fold variation in the potency of commercial Salk vaccine
on the market. Other unpublicized USPHS data showed a sixtyfold variation.
Today many inoculations of the Salk vaccine are needed to accomplish the same
results that were claimed in 1955 with one inoeunlation. In the history of drug
therapy there are few drugs, if any, which become progressively inferior with
increasing years.

Dr. Cox. I would like to repeat thal good vaccine, whether living or killed,
has to be quantified. Our living poliovirus vaccine, which I hope to tell you about
very soon, is quantified. We keep very careful control of the exact amount of
virus in every drop we produce.

In virology you have to deal with both quantity and quality. If both are under
control, you're on solid gronnd. If they are not under control, you don’t know
where you are.

Dr. Rarser. To close the disenssion on potency, back in May 1957 the largest
producer of Salk vaccine in the United States had several million dollars worth
of vaccine on hand which did not pass the minimum poteney requirements of the
USPHS. Subsequently, the Division of Biological Standards reinterpreted the
minimum requirements to make possible the commercial utilization of this vac-
cine.

We wonld now like to spend a little time on the safety factor.

Dr. Memer. The thing that impresses e most about this question of polio vac-
cine is a problem that has been discussed only by indirection. How is it that
today you hear from members of this panel that the Salk vaccine situation is
confused ; yet what everybody knows from reading the newspapers, and has known
gince the vaccine was introduced, is that the situation as far as the Salk vaccine
is concerned was and is marvelous? The reason for this discrepancy lies, I think,
in a new attitude of many public health and publicity men. It is hard to convince
the public that something is good. Consequently, the best way to push forward
a new program is to decide on what you think the best decision is and not ques-
tion it thereafter, and further, not to raise guestions before the public or expose
the public to open discussion of the issues.

My own contact with this attitude came when I was a member of the depart-
ment of biostatistics at Johns Hopkins, where I had an opportunity to talk with
some of the people who were connected with the vaccine. My interest was
stimulated by several papers on the safety of the vaccine written by Salk pre-
paratory to the 1954 field trials.

The general theory that Salk was working on was a very simple and old one:
That the inactivation of poliovirus by formalin would proceed in a straight-line,
first-order reaction, This means that in @ hours of contact with formalin, half
the virus particles would be inactivated, that an equal number of additional
hours would inactivate another half of the remaining live virus particles and
g0 on. By extending the period of inactivation, a product would result in which
the amount of living virus remaining was necessarily so minute as to have no
practical significance. This was Dr. Salk’s built-in safety factor to insure
complete safety.

Although this theory applies to many cases, whether it applies to the Salk
vaccine remains an empirical question. What troubled me greatly was that it
appeared from actunal data which Salk presented that the theory did not apply.
Assuming there was some error in my understanding or in SBalk’s, I inquired
of the people who knew about this. The answer I consistently received was “I
see what you mean. I haven’t thought about it very carefully myself, but there
are many important and competent people who are taking care of this. Don’t
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information is pertinent. In 1953, experienced investigators from the Michael
Reese Hospital in Chicago failed to produce a safe vaccine by the Salk formula.
Their findings were dismissed by the backers of the Salk vaccine.

In the spring of 1955 one of the manufacturers using safety tests more rigid
than those required by the USPHS found live virus in its own vaccine, in
another manufacturer’'s vaccine on the open market, and in one of Dr. SBalk's
vaccine preparations used as a standard for commercial vaccines. This manu-
facturer discontinued production of Salk vaccine and did not resume until an
alternative method (ultraviolet irradiation) was developed in the fall of 1955.
Some of the released vaccine of this manufacturer, however, had already been
used in Massachusetts, which experienced an epidemie, and some of the same
lots were used in New York, and in Minnegota, where, as Dr. Kleinman has said,
he found 83-percent effectiveness. Of course, many of us thought the effective-
ness of the 1955 vaccine was due primarily to the fact that it did contain live
virus.

Oue other manufacturer found live virus in another of Dr, Balk's standard
vaccines. A member of the USPHS also found live virus in commercial vacecine
other than that admitted by the USPHS to have induced cases. The findings
were not published. The Massachusetts State Polio Advisory Committee, which
included among others, John F. Enders, Thomas H. Weller, and Maxwell Finland,
temporarily banned the vaccine despite USPHS licensing because of its knowl-
edge of these findings. Epidemiologic evidence of unsafe vaccine from manu-
facturers not named by the USPHS has been reported by Anderson, Redeker,
and others.

It should also be stressed that safely testing was inadequate when Dr. Salk
developed his vaccine and when the vaceine was commercially prepared for the
field trials of 1954 and for licensing and use in 1955. The claim of long duration
of effectiveness, then, as measured by antibody levels reported by Salk, Brown,
and others, really applies to a vaccine which did not execlude the presence of
live virus. It does not apply to current vaccine in which potency has been
sacrificed for safety. There is internal evidence in the papers of Salk and
Brown that some of the antibody response to the vaccine was too pronounced
to be explained by a killed virus.

At present, epidemiologic methods employed by the USPHS to assure safety
of the vaccine are inadequate: First, because of the failure to thoroughly sur-
vey untoward reactions, and secondly, because of unrefined criteria for the
determination of safety; for instance, insistence on correlation of initial
paralysis at the site of inoculation, and discontinued reporting of satellite cases.

Question. Has any State health department recommended that Salk vaccine
not be used?

Dr, RaTsER. I know of no State health department that refuses to issue it now,
although earlier this was not the ease. This is a question of whether a State
health department is in a position to oppose mass propaganda and the public
opinion that has been formed by it.

Dr. HerMaN KLEINMAN. There is only one thing we can do in Minnesota and
that we are doing. There is no known way of preventing polio with a licensed
product at the present time except through the uge of the Salk vaccine, While
I am an agnostic about the effectiveness of the Salk vaccine, I still believe it
does something in preventing paralysis. So we owe it to the public to recom-
mend its use. On the other hand, if we are going to act not only as public health
physicians but as scientists, we must continue our investigations into the truth
about the Salk vaccine. On the basis of the facts as I know them, we must look
for something better.

Dr. PaurL METER. It seems to me that the State and local health officers are at
levels different from USIPPHS and in much the same position as my children’s
pediatrician. Ie said, “We are very disappointed in the Salk vaccine; we are
very unhappy with it; but what can we do? The people who have the evidence,
who have the knowledge, who should be able to judge, say use it. I am in no
position to second guess them and to make a different decision, I have to
recommend it and I have to use it.”

This is no’position for public health officers to be in, but there isn't any gues-
tion that is the position. All the facts have never been diseussed. The great
pressure of publicity has been exerted. It would be a health officer with great
self-confidence who would =ay that on the basis of the little he knows he is pre-
pared to make a judgment different from that of the USPHS and to decide not

to give it. On the other hand, I don't consider it convincing evidence of the
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Polio is unigue becanse many more people get the infection than the disease.
When you think about it, theoretically it should be the easiest of all viruses
to modify, Rabies, by comparison, is 100 percent fatal when introduced into
the brain tissue of any warm blooded animal. Yet, we are able to modify the
rabies virus so that we can inoculate it directly into the brain of warm blooded
animals with no sign of the disease. When challenged with virulent strains
of rabies, these animals will withstand 100,000 lethal doses inoculated directly
into the brain. If we can do this with rabies, we certainly should be able to
modify polio, which produnces clinieal signs of the disease in so few people.

A complicating factor in polio was that we were dealing with three different
types, each of which had to be modified. Iurthermore, we felt that we had to
modlify these viruses by adaptation to a foreign host. In making yellow fever
vaceines, we learned that when you take a virus and adapt it to an unnatural
host, it loses ils virulence for the original host. This central basic principle
was observed by Jenner also, when he found that cowpox had the ability to
immunize against smallpox. In yellow fever, therefore, scientists purposely
adapted these strains te new hosts, first, by adaptation to the brain tissues of
suckling mice, then to mixed tissues of suckling mice in tissue culture, then to
chick embryo tissue cunltures, and finally to the chick embryo in the egg itself,
Even though it has been claimed that you cannot grow polio in chick embryo,
we succeeded in growing all three strains in chick embryos. The reason we
desired this was that experience has shown the absence in chick embryo of
extraneons virus contaminants which cause illness, Chick embryo for all

practical purpoeses is a pretty sterile package.

The only thing that balked us after we got the polio strains in chick embryo
was their poor antigenicity. Type I was completely nonantigenic; type III
was so poor that its cost would have been prohibitive; the only one that was
half-way antigenic was type 11. In other words, we learned that it is unwise
to continue passage in nonmammalian tissue for long periods of time, The big
danger in moedifying live virns is not stopping at the right point. 1If you carry
it too far, you overmodify and lose what you're after. It's safe but it won't
immunize.

We have developed our strains of virus so that they are nonvirulent to
monkeys in the range of 100,000 to a millionfold. We know that in some
instances as little as two tissue culture particles of some wild strains of polio
when placed in the brain, or as little as five tissue particles inoculated iutra-
muscularly, will paralyze monkeys. It's most unusual, however, for our modi-
fied strains in undiluted form with a concentration range from 30 to 40 million
virus particles per cubic centimeter to paralyze monkeys by direct intracerebral
inoculation.

Sinee the chance of getting paralytic polio from a natural infection of wild
virulent viruses is only one in a thousand, modified poliovirus adds an addi-
tional safety factor of at least 100,000, reducing the risk to about one in
100 million or 10 in a billion, Furthermore, we don't need 30 million virus
particles for an infecting dose. We need only somewhere in the range of a
1.5 million to 3 million virus particles. We do not have to concentrate any-
where from five to tenfold, as in the killed vaccine; instead we dilute.

A live poliovirus vaccine needs many more virus particles to establish an
immunizing infection than any other live virus vaccine I know. This may
be due in part to the destruction of virus by gastric juices. It could be
becanse our strains may be modified more than they need to be. At any rate,
all of these factors must be worked out quantitatively, for we have to know just
how many virus particles we're feeding if we are to come out with a better
produoct.

The type I and III components of our vaccine are now standardized to con-
tain at least 1,200,000 to 1,500,000 live virus particles, In our type II, which
has been overmodified, we need 3 million virus particles for a 90 percent immu-
nizing dose. Now we are in the process of increasing type II's power to infect.
We do this by feeding the virus to man, having him shed the virus as long
a8 possible, recovering the virus in the stool, and obtaining pure strains
through tissue culture, Then we test the recovered viruses in monkeys and
isolate those with minimal virulence. Such strains then have the ability to
‘infect human cells, which is what is needed, because you cannot immunize
unless you can infect.

It must be remembered that you cannot immunize the gastrointestinal tract
with killed vaccine, even in large amounts. Although the killed vaccine does
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quantitios s b l'ts“;t l?:iltlilul slug.lles on 25 babies that habies shed virug i
::]hesi: habies shed virns asli liin?ll}' ?;'ug fﬁr:f:iies 'Ilwr %muﬁ e, Sm“é ;Ifl
e B 1 ! £ as : . P'ractieal v
s 'i‘:h 1:1;‘11:12:) (:lrtpaﬁhl?ﬁuoi infection whether they've lnﬁosvgtljlrlcﬁfgilifgtg{;}
tht; h:il[)}iegs fed, in the fzunilyI r:gntsaettl:lsa[1:1(::1Fﬁ ?lllleth‘;errfmnn siﬁns TR el B
n 1058 we did o larger scale do l!1 i s i L
of G : ! > double-blind study in the i
<k knewvtill::%?)d 1;1 Béi:;;ﬁﬂ]whs with coded vaceine, Onlll:}wt;?l:tﬁl(t‘glila;:?‘:tt}'
bt ., et bt;r the doctor, nor the patient, nor those at the Qtﬁt::
recdived the vt o b i 0ods and stools of these 550 people knew whr; had
thx((lt ‘;e i 2 Qﬂ“l::rggtpilﬁl:ﬁt‘;ﬁ y“;l;:;)lo ;he (‘iﬂde wis hrnk(h:. we fonnd
a i g 7 . 3
nd about a 14 percent Increase in antibodies in ‘;?le [;:1;?:::;n§:?:1111;i Bd{:'::hrl{ilig

the norms of
In this connec-
§ vaccines used
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d
covered that the infection caH;ed by modified viruses is essentially a househol
i normally.
di%es:?:r?g ni:t%o!;v?r;sepidemics, a type I in Colombia in 19568, anghléhgat;ilthﬁg
f type 1L (surprisingly enough it was type 1I) in Managua, ol gt g
(l’ﬁcaragua, in 1958. The type 1 epidemic was caused b;r an exce‘}:i ea S a
lent strain—two virus particles paralyzed monkeys. mtm ve;_';h L A
:lgeady been reported. We vaccinated over 7,000 children wi oy
toe L ollowed by g X;dm?niedg:nno %3?::5321111& make the
ase has been repo s s o
:ﬁgn? otth:tsgg 1§rﬁke the epidemic because wWe have no way of knowing wha
k would have been.
thﬁuét:z:g thatigu;b;eizmy virulent type II epidemic 254 paralytic casesun 1}15:;
been reportgga Of the 251 cases in child.rien tggdgl; e;xg§2 %]60 2;71"2581: St
v i Managua and vaccing )
e fO d?r?n: :n;;g:g* periocﬂvith type 1I, and then later fed tgg)esllng:dlég.
%}ge though polio had been reported in Managua every m%l S i h.a:i
w;ft‘nl the exception of 3 months following the 1953 type II’ ?{n ]??sc'come R
1014, month period without a single case reported. Polio g ety
%0 N?éaragua this year in the outlyindﬁstg:tgcts.dbglé 1§& t(t}sd% 21;2:: P rhones b
we moved into the outlylgg cts an B :
'I:‘hi-:ii:arwnhm 6 days there wasn't & single case of polig repon :tfgemic ——
K " again we may have been hitting the tail end of an ep R
seemﬂegg ?t)g break right in the middle. We can't conclusively gay k;m; ay o
the other that we did or did not stop the epldemitcl, b{:}e ;::m t:} 2 vic;-us e
son who is fed this vaccine will begin to show the pt1 ettty
o 1s on the third or fourth day after feeding indicating s B
g are infected. Type II sheds for a maximum period o LA weeks'.
e s'\I“:for about a month; and type 1II stays within t};:h ng:n;om Bugec
We find circulating antibodies in the blood on about ﬂ?h.e D year' _—
they reach a maximum peak in about 30 days. By
dually. .
St%tetzf\?sl gg g;a vageiyne under all kinds of conditions. We égtlt];:ruilnlaggé
d in West Germany where presently we are immunizing Al afreaﬂy
e the latter on May 12. 1 checked this morning and they e
startedlmg children and estimate that by the middle of June t;‘ley W Lo
?eg 2a7br;ut 450,000 under 11 years of age. We've worke{l ii‘ill Mi)atﬂg%ldeom]inﬁ
e sllightly o Mgéntinai%f; aHrasi?llE;eﬁg?y 81? guba, in Cnlli’or‘nia,
. a osta 5 )
Pmemm; egﬁ'mgtt l:}i:g:r, %\?:v'rr Jersey, and Florida, and in Canada, Japan, and
e val of the local health
i have worked with the appro C
. Lat? tﬁ;n%t;;i\;eexican Sanitary Bureau. This year the entire counetr}{
ofﬂ%er Sln Rica has been singled out to be vaccinated because of the Bet;;er?}oé)ta
gjl:ami(::s they experienced in 1954. About 3 weeks agohll !t;eaadn tr‘r:,'rnilvaleen i
Rican Minister of Health that they have succeeded eeding 5 Wi
'I;-E to 281,000 children of an estimated 460,000 under the a%e c}::u csui el
m int in going above that age, because by the time Cos uil. o
- pfo or 11 years old, they have all had experience with the e bpes 0
?};?io He reports a conversion rate of B.boﬁl]é‘.u 93 percent to types i
b i »onfirms our conversion res. ;
thl;i]l: ‘L’%ﬁf&{'ﬁ:‘;ﬁ L(:}fnintﬁ:res:st_ In Cuba we carried out a study with ]t:;: ;‘l ;.:ltl;
]Jln:tbile Jr W!Em fed trivalent live poliovirus vaccine to (;:hildrextx “];101(1 it
i f.ect.i’ans .'(llseuaes auch ag, meagles, mumps, influenza, anWwfnm{lpnune
= determine contraindications to the use of the vaccine. 2 01_ . ted. ok
by £ 360 pairs of blood (pre- and post—vaccinanon) that we e;i‘ B
C ('I)J::l ?:hild!‘&i? of school age, we found 706 g-.hildren who llncked anli})out.: Yo
tyl;)e or another. Actually they h:d(} 9“1 artlthl.!og{eﬁ?:fai;L lhl:}eié'ﬂzy&a?n P-O :;f oA
i le feeding of Lriv e n-80 0
anhﬁ?}ﬁ :t gﬁiﬁ?ﬁu%‘nﬁ‘if 88 percent, and converted 65 of the 76 ¢hildren to
gag) iple positive stutus for a conversion rate of BG percent. s R
" Ir 2 esfém Massachusetts where we tested 128 paired IEIOCK s By
sta:-l{e‘; out with 115 antibody gaps. A single foe;lin;: of t;t‘ z;ls;t_;ia:‘ slt o
: D for a conversion rate of 90.4 percent, anc =4 :
i‘l;g:sﬁlfm“iseg )cgﬂgzrtod to a triple positive stage for n conversion rate of 84
e ry i g ry this year Dade County including Miu'n‘:.l began
a :\c‘?u;??“l*l;g; ﬁ::::i: 'vlzl:t-.:;;lgﬂ:a'pmgr:hn with our trivalent vaceine. The data
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from there are actually the best we've seen. That’s partly because we corrected

the type II component, which has been giving us comparatively poorer results,

by doubling the quantity of type II virus in the vaccine. To give us an idea of the

results, they sent us 300 coded pairs of blood. We received them in lots of 20,

and all we knew was that ench lot included 10 matching pairs.

After the code was broken, we found they were all from young adults at the
University of Miami, Of these 300 students, 161 were not triple positives and
25 (8 percent) were actually triple negatives—they had no antibodies at all.
This was a surprising fact because in Florida's subtropical climate they should
have had plenty of experience with natural polio infections, as well, perhaps, as
exposure to Salk vaccine.

In the polio virging we filled in 25 of the 25 gaps for type I, the type respon-
sible for 85 percent of paralytic polio cases. We filled in 19 of the 25 gaps for
type 11, which accounts for 3 percent of paralytic polio, for a conversion rate of
76 percent. And we filled in 23 of the 25 gaps for type 111, which accounts for
about 12 percent of paralytic polio, for a conversion raie of 92 percent. These
gaps in the antibody structure of 25 triple negative, polio virgins were filled in
by a single feeding of trivalent vaccine.

In the group of 161 students not triple positives, the conversion rates were as
follows: In type I 97 of 99 gaps filled, 98 percent; in type II 70 of 79 gaps filled,
89 percent; and in type III, 80 of 85 gaps, 04 percent. We filled in a total of
247 out of 263 antibody gaps for an overall conversion rate of 94 percent on a
single 2 cubic centimeter oral dose of trivalent modified live poliovirus vaccine,

T've talked long enough. The only other thing I can say is that the live polio-
virus vaccine is coming. It takes time. The one thing 1 am sure of in this
life is that the truth always wins out.

Dr. Rarner. Dr. Cox’s vaccination figures deserve comparison with the 1954
field trials of the Salk vaccine. The Cox live poliovirus vaccine has now been
used by many investigators in over 2.5 million people with millions more in the
process of being vaccinated. The other two live virus vaccines under study have
been used in additional millions. The question of safety has been paramount in
the minds of these investigators. On the other hand, the Salk vaccine was used
in only 400,000 persons in a single field trial in a study which assumed safety
and was primarily designed to determine effectiveness. These figures reinforce
Dr. Greenberg's thesis that the USPHS was premsature in licensing the Salk
vaccine and is now excessively overcautious in licensing the live virus vaccine.

Dr. Kleinman, will you bring this discussion to a close? Dr. Kleinman has
recently spent several months in Latin America studying firsthand the results
of field trials there,

Dr. KrEinMan. 1 want to make a few points by taking you out of the labora-
tory and away from the statistician’s computer without raking up the ghosts of
long dead monkeys and waving their shrouds in your faces. In the final analysis
the important issue is, What does this vaccine do to people and among people?
Our Minnesota studies demonstrate a number of things. I would like to bring
these to your attention because 1 feel work such ag this must go on on the Ameri-
can scene within groups of people who have the same way of life to which you
and I are accustomed.

First of all, the Minnesota studies are American in the sense that we're using
the vaccine in people who are living in a way we are accustomed to describe and
and to understand. Secondly, the Minnesota studies were the first to put these
modified polioviros strains into a community whose nature approximated our
normal way of living, Prior to this, these strains were used in isolated individ-
uals and in ingtitutional environments. Thirdly, the Minnesota studies prove
what has previously been denied : that it is possible to do a controlled study with
the oral live poliovirus vaccine., Finally, the Minnesota studies demonstrate that
it is possible to secure definitive results in a population which has had consider-
able experience with the Salk vaccine.

The importance of the Minnesota studies does not lie in their number, but
rather in their design. I want to emphasize the word study. Iven though we
have involved 100,000 people in 1960, we still firmly believe we are studying
the oral polio vaceine strains. Although the numbers are large, we are not
carrying out a mass immunization program.

TImportant charaecteristies of our design are: (1) Our studies are placebo con-
trolled. This includes the 100,000 people we are studying in 196G0. (2) Our

subjeets receive complete public health nursing and medical surveillance. We
do not feed and forget. We feed and follow through. (3) Our siudies nre



108 INTENSIVE IMMUNIZATION PROGRAMS

i is getting the vac-
le-blind. Only one person, the statistician, knows who
g;):: ffl-]?l who is ges;ting the placebo. On the basis of our f.:xpe.rience I can ;ssltlters
you that in your own community you can make a scientific and contro
oo fly, what have we found in Minnesota ?
w, briefly, what have we .

I\\{F{:a imve found that these strains are good nntlgens:. They will prodqce 93
conversion from titers of less than four to an appreciably higher titer 121
perceni: of cases. Type 1I is the poorest. Type I and III are both excellen .are

We have found, within the limits of our numbers, that these vafrcmes "
perfectly safe to use. DBecause our studies huvg been controlled, we can uta
edulv&cubly state that there have been no react;o(xllsih Beior?né il:ina [?Inlnn;‘e;:us

<ia, re than 50,000 persons had been fe e vaeei ) B
fl‘;'ll;l I‘{iltl-?’l::ulmz?nd we had checked out all reports of illnesses that occurred shor;)t(l)g
uftlﬂ: f@edillé'. I did this personally. In ‘.-\Ilnng%p(t)lils, wherf- 11.11(;;; :E)lfl'ql‘]l.l 3(:;1111

sre fed, I had to make only 15 housecalls. What sm\: W :l‘h e : b
¥1'1§$@ was no centrul nervous system disease, jusf. _prndmmcs of .m(,asﬁloai, ifolx
lieulnr tuﬁsillitis, atopie dermatitis, and other conditions you normally find in
mx\ltgzl;:::\t'g-iouml there is no great community spread of thgsu \-iru.cu.s:: ¢ COI"]CE:I_‘]I’;
fu.r spread has been a bugbear to many individuals. While these \1‘1.111:&“5, \\11
«:pro.;id fairly rapidly and thoroughly within any one family, they will h;\:;ea(f
irom houseliold to household within the n_{‘ighlmrhmxlr only. to llu:- extenb ngt
b to 14 percent, depending upon the type. Ro you don t‘hft\a to worry gmnv
creﬁting an epidemic secondarily through the spread of viruses you origi 3
% ir ural behavior, that these

We found, by taking time out to study their natural be 7 E
m(}?litﬂ;ﬁwﬁmses dO)i.'\-'el'ylhing that wild viruses dobexcept pru:;u;:em:lhcihim;?)i?

ertain percentage of vaccinees the virus can be recovered fro x ¥
(IJ? :L;f; .Tlrl)e fed straing can also be recovered frt?lm ofim: pllizr?'nx,_;a en gl;r&:u;il;

) son has circulating polio antibodies in the blo 0 begin with. A
‘trl;;,“ge;:?lnbc recovered in the bleood, which indicatee_: a viremia rollmmn‘g ::ll:e
feeding of these vaccines. Those persons with virus in the pharynx and 1:1]]j e
blood have no subjective symptoms, however, and the examiner can see nothing
1 > ¥

ob-ﬁf:gvfoig does the immunity last? We don't know.. In thosi'e thu:t we 1;%::?
studied we know that after a year, even thoug_h there is a general d1§(;; in c]ent
from the originally induced titer, the antibodies persisted in 50 t;) 3 Perindi—
of the adults, and in 63 to 75 percent of the children tested. Th 8 is u}l .

viduals in whom we are certain fthat it was we who produced the original an 1:1
body change. We are not including those who started with either natur 1

antibodies or Salk-produced antibodies. Other data show that the presence of

r have no additional effect. . .
thf\llg tet;periem*e in Latin America is this: Nobody can say that an e.plfiemll_ wais
stopiled. There were no controlled studies ‘Lhe_re. But over a million people
have been completely vaccinated without any incident at all and, in th.f; Lﬁmtnneg

of Latin America where temperaments are merqur!al, emotions e:.x} itable, a o

health departments political, I'm sure that if un! mcxtlienL hr?‘tll OL:;[;“ 1:(;1?“";(311; e-(es

re come to our notice and to everybody else’s notice. 16 o 1‘1 1 OB Xnpen

]ilrtlnén!r‘:mlﬁia and other places are remarlmhly‘ nl?se 1{9 thgﬂ(l-on;‘e:::;?;‘zlll ;ate&s 5‘1‘1 :1

‘hieved in Minnesota, I've gone over the Costa Riea n ef Y-

:-:;l;ii;;:{; 1‘!1;[at they have done a good job of su(;'\'eﬂ:]ajnm, lh-}-ailge'alaeagtgg:ﬂ

nerv s system disease that they have eategorized at the end of a ye 1r's obse

?i?)]:: ‘ijzilhre;arknhly the same in content Lo wlmt.wc have fonnd in M‘m?fsnta. .

There are a lot of important things we don't know alm'nt this vacc ms_:.t 4_11
though we know that it's a good antibody p‘l‘ullll(‘:l_ll:, we can’t actually Sﬂ}'ll ‘:','111

srotect against polio until we can measure it against a direct challe'ug.e Yy ; e

hlsc-ase This has nol yet been done, Reasoning by analogy, however, we Lt:];n

usﬁﬁmeZ because of the antibody responses, that it should protect against the
irect ehallenge by polio itself.

aner;tm not s.ftre slr:lmt we yet know the optimum dosage schedule. It may be

that one feeding is not sufficient, just as one wllt_i polio infection may not miT-

pletely immunize a c¢hild, T don’t think we a;'e milllte :;m:e hl?;:l{,c;]ngg tbl:;:lmt:nir’{:
3 ng to last. As Dr. Cox stated, it is not going to be . it

;lz‘:.ﬂgl;;:mt: tbL:,‘ i'ln terms of years I don't think anybody can tell, These are things

for the future to disclose.
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In the meantime, let me assure you from my direct experience in Minnesota
and from my vicarious but close contact in Dade County, ¥la., and from my
experience in South and Central America, that these strains are safe. From
the laboratory standpoint they are potent antigens. The Cox live poliovirus
vaccine is worthy of the consideration of people who are working in preventive
medicine and public health. I do hope that more people will pPay more and more
attention to their use in this country, because it is the data gathered in this
country that will ultimately count in granting the license and in gaining uni-
versal use of his particular preparation.

Dr. RATNER. We have attempted in this panel discussion {o present you with
a sober, candid exposition of the facts as we know them and as they relate to
Current questions surrounding decisions to be made in the use of Salk, and oral
live virus vaccines. 1 hope you recognize that the panelists have shown unusnal
freedom from extra-scientific considerations and pressures.

During the 1960 polio season, epidemics may oceur. To dramatize the urgency
of the decision involved, remember the futility of using the Salk vaccine to com-
bat epidemics despite its proven ineffectiveness in epidemics simply because it
is the only vaccine available to us. An objective and fearless evilluation of the
Salk vaccine is needed, for this is the necessary ingredient of an intelligent de-
cision as to when the live virus vaccine should be licensed. Obviously, if the
Salk vaccine is simultaneously safe and highly effective, the U.8. Publie Health
Service can take its time about licensing the live virus vaccine. If, on the
other hand, polio and polio epidemics remain with us, and c¢hild ren become para-

lyzed despite three, four, five, and six inoculations of Salk vaceine, and vaecinees
die, we cannot take our time,

[Reprinted from the Journal of the American Medienl Assoclation, Feb, 25, 1961]

POLIOMYELITIS IMMUNIZATION

To THE EpITor: If we assume that a yearly booster injection of poliomyelitis
vaccine is needed because of the lack of potency in the present injectable vac-
cine, are we not inconsistent in principle to say that the patient who had the last
injection—be it the third or the fourth—2 to 4 years ago can get the same pro-
tection by only one booster injection as the one who had the last injection 1

year ago? Furthermore, is it true that by next year the oral vaccine will have
solved this problem,

M.D., Wisconsin.

IANSWER : The question rightly recognizes that recommendations of additional
injections of the Salk vaccine relate to its low and variable potency., On
April 19, 1955, only 7 days after the Francis report and the promulgation of
minimal requirements for the licensing of the vaccine, the U.S. Public Health
Service found it necessary to reduce potency standards by two-thirds. The prob-
lem worsened late in 1955 when, to insure safety, it was necessary to introduce
additional filtration during inactivation. This additional filtration resulted in a
10- to 30-fold loss in antigen (Illinois Med. J. 118: 83-03, 1060 ; and 118: 160-168).
Kelly and Dalldorf (Amer, J. Hyg. 64: 243-268, 1956) reported a G00-fold varia.
tion in the potency of the Salk vaccine on the open market from negligible
potency upward. The difficulty became enhanced when, on May 17, 1957, the
Division of Biological Standards permitted lots of vaccine which had failed to
meet minimum potency requirements to be retested, so that if the manufacturer
then obtained a positive potency test, earlier negative tests could be disregarded.
It is now generally recognized that much of the Salk vaccine used in the United
States has been worthless,

It follows, then, that the true issue for the physician ana patient is not how
many injections, or how often, but whether the vaccine given or to be given
contains dependable amounts of viral antigen. With the Salk vaceine this cannot
be determined because it is an unstandardized product of an unstandardized
process. Therefore, for the physician who prefers to know what he is giving, the
choice rests with either the recently licensed killed poliovirus vaccine which is
concentrated to a known and optimal weight of inactivated virus antigen, and
which has substituted the Parker strain for the dangerous Mahoney strain, or
with the standardized attenuated live poliovirus vaccine promised for next
spring. In either instance, a complete course of vaccination is indicated, irre-
spective of the number of injections of the Salk vaceine given,

HERBERT RATNER, M.D.
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[From the Chicago Sunday Tribune magazine, Mar. 5, 1061]
Tae Teurz Amovr taE PoLio VACCINES

Do Salk Shots Really Prevent Polio? Should We Keep Using Salk Inoculations?
How Good Are the New Oral Vacecines? Iere Are the Facts

(By Joan Beck)

Behind glowing reports of the Salk polio vaceine's success and even rosier
predictions about the new, live, oral Sabin vaccine rages a storm of medical con-
troversy that seldom reaches the ears of parents.

Many serious criticisms have been leveled at the Balk vaccine. These are
now being acknowledged—at least indirectly—in announcements praising and
promoting the new oral vaccines.

Yet all is not yet sweetness and accord among developers of the live, oral
vaccines, either. At least three different types have been developed and—
according to their producers—proved safe and effective in tests, chiefly in for-
eign countries, but also in the United States.

One of these new oral vaceines, developed by Dr. Albert Sabin with National
Foundation research funds, has been OK'd by the U.S. Public Health Service
for manufacture. But there are problems remaining to be solved in its pro-
duction and, according to acommittee of experts headed by Dr. Roderick
Murray, of the National Institutes of Health, dangers to be considered in its
use by the general public (although it has been given to a reported 77 million
Russians and to at least 300,000 Americans. Russian Prof. Mikhail Chumakov,
who directed a 2-year program of inoculations with the Sabin vaccine, says
he is convineed polio epidemics have been eliminated in the Soviet Union).
Licensing is not expected until this spring. Quantities of the vaccine are not
expected to be available for communitywide use until November.

“Both ‘live’ (Sabin) and ‘killed’ (Salk) polio virus vacecines will be needed
to combat poliomyelitis in the near future, U.S. public health officials declared
at the AMA clinical meeting,” the Journal of the American Medical Associa-
tion reported in December 1960. “The new oral poliomyelitis vaccine developed
by Dr. Albert Sabin and approved for future use in this country will not be
the complete =olution as far as ean be predicted now, the Public Health Service
experts said.”

Evaluating the true effectiveness of the Salk vaccine and the new oral
vaccines has been difficult for several reasons. Polio is a relatively rare
disease in the United States. Because so few persons get it in its paralyzing
form, success of an immunizing agent i hard to determine.

The definition of polio also has changed in the last 6 or T vears. Several
diseases which were often diagnosed as polio are now classified as aseptie
meningitis or illnesses caused by one of the Coxsackie or Echo viruses.
The number of polio cases in 1961 eannot accurately be compared with those
in, say 1952, because the criteria for diagnosis have changed.

Fven the Salk vaccine itself is not a constant, standard preoduct. Since the
first fleld trinls of 1954, the vaceine has been changed several times. The
first alternations were aimed at increasing the vnccine's safety by changing
the method of killing the polio virus and by adding an extra filtration step.
Newer changes are intended to increase the vaccine's effectiveness. The success
of the Salk vaccine necessarily varies, depending upon which Salk vaccine
is being considered.

Ever since the public was first informed about the Salk vaccine in the
Francis report of April 12, 1955, the National Foundation has praised its
effectiveness and urged parents to have themselves and their children vaccei-
nated. Although some physicians remained skeptical about the original theories
behind the vaccine, about the techniques used in its evaluation, and about its
gnceess in combating polio, these objections seldom reached the general public.
With the resurgence of paralytic polio in 1958 and 1959, the criticisms increased.

These views were summed up by five experts in a panel discussion on the
«Ppresent Status of Polio Vaceines” presented before the I1linois State Medical
Society in Chieago, in May 1960, and published in the August and September
jesmes of the Illinois Medical Journal. To make parents aware of the con-
troversy about the Salk vaceine and the problems involved in developing an
effective oral vaccine against polio, here is a report of that discussion: 1
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Moderator of the panel was Herbert Ratner, M.D., direct i
i , M.D,, ] f public health
in Oak Park, and associate clinical professor of fv6 medt
he%uh,lil‘_:itch e preventive medicine and publie
) ner noted the upward trend in polio, particularly in the i
form, in the United States during 1958-58. IHe quoted l)r?r Alexandggriluyuf;
muir, in charge of polio surveillance for the U.S. Public Health Service, as
sayllng ::}lllisrrelaiurfeiage is “cause for immediate coucern,” ;
“In the fall of 1955, Dr. Langmuir had predicted that by 1957 th
lIJ)e leﬁastthan 300 cases of paralytic polio in the United State;," cgrm?mwegltlég
: r'lﬁfi?) ner. _Fuur years and 300 million doses of Salk vaccine later, we had
v]c}ho hal?p:;z§$t5g¥ G,OU'DINIF&‘% of paraltie polio, 1,000 of which wer:a persons
ee and more s S « 3 i :
liv%d ug Bt 1 shots of SBalk vaccine. Salk vaccine hasn't
r. Sabin says the number of cases in 1960 was 1 o
s S unb f cas us less than in 1939, but that
- 81; o ?ar:t:?lll.:. now occurring in persons who have had three or more doses
Dr. Ratner next rveviewed some bagic facts i
; ; 1 . ' 'ts about polio, F
ioccurs in f}cleg_and was in o natural decline when lthe Salﬁniﬂg:iiﬁrm-l:\o
ntPro;lnced in 1935, he pointed out. e was
rior to the introduction of the Salk vaccine, the Nati
; k= & . Natiorx F
ldti?ned an epidemic as 2,0 or more cases of polio per year, p{':-alloot(;%d}l:ji:g}
c%u :2; hig“;ta;]nl;t ;i\l:lermc is defined as 35 cases per year per 100 (,JOO Tlhis
el ; n a statistical—but not necessarily a real—drop in polio
For every case of known paralytic poli
For A polio, there are about S “'sub-
::Ilrlé;el;:l E{J;l;lli(lcgn.fectinll?;;x g0 mild they pass m.umtleed.n DT lillmt:ﬁglu bea;'ll?luii:;g
} ( Ses BeCo for the high degree of natural im i s
You ean have a polio infection in the intes i t as e e
i tines without J
or 'I:"alfnl;s];ralytlc polio with enough symptoms to lu; d?::;'nlt]:;:in L g
1e eory of the Salk vaccine, made with killed polio virus, is that it will
g:}):) ;;ceitextr;lnngh mxtéboltli.lles cirenlating in the blood to neutmlllze polio-virus
€ : , reac e cenfral npervous system. DBut *
disappointments of the killed vaccine” is th ¢ ; T P
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53 i how can it be claimed
on in 1957, Dr. Greenberg pointed out. Then
:;;?:;ait: l;le large number of unvaccinated persons who are ugusin_g the in{-rgggg
in polio, when there were a larger number of unvaccinated En(iirlq’mls in 195
when the vaceine was given credit for reducing rates of the disease? i
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manipulated will reveal that the true effeetlvenesat of tl:;e present Halk vacceine
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v f polio.
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i blood, explained Herald R. Cox, Se. D., director of i
Ell-:ﬁ:gc;ﬂlilm;xlieitigile I(:;)boratérlm and president-elect of the Soo.iet;: of American
Bacteriologists. We do not know, he said, the exact level of antibodies neces-
t against paralytic polio. )
Mﬁe‘t;':lgl;ﬂ;fieingman, }p[t.lli., an epiﬂemiolog‘iflt from tllla_?dnmne;?)u;‘ nli:pr:g::é
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?;rgurlg};:é?:gge; I::lf Salk vaccine, he has found more than half do not have
antibodies to two of the three types of] {mlio gtrains used in the Salk vaccine.
¢ percent lack antibodies to a third type. . :
Tvﬁ%ﬂspﬁrf:nverv disturbing fact,” said Dr. Kleinman. If polio annbodieﬁ
mean anything in respect to protectiion, then I am forced to conclude that muc
y ccine we have been using is useless,” B
nf;}hro %lﬁ:i?mn also commented on the ‘“changing concept to polio” and salfi
h si'cians were reluctant to diagnose the disease _without overwhelming ns.ri\;]l-
Eeice. He called the insistence on a 60-day duration of paralysis in defining
g 1929 and was the first person
ho has worked in the virus field since an
tog::c»\(r:: fﬁzﬁ a killed vaccine could be made, commented on some of the problems
of producing a potent, killed-virus vaccine,
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“We are now learning, not only in the United States, but in Israel, England,
and Denmark, that the killed product does a fairly good job of producing anti-
bodies against type II poliovirus,” said Dr, Cox. “But type II represents only
about 3 percent of paralytic cases throughout the world. The killed vaceine
does a poor job against type I, however, which causes 85 percent of paralytic
cases, and against type 1I1, which causes about 12 percent.

“In other words, the killed vaccine is doing its best job against the least
important type. It took time to find this out. It was proven in Israel in 1958,
when it had its big type I epidemic. They did not see any difference in protec-
tion between the vaccinated and the unvaccinated. Last vear in Massachusetts
during a type III outbreak, there were more paralytic cases in the triple vae-
cinates than in the unvaceinated.”

There have been problems, too, in the produnction of the killed Salk vaccine.
An extra filtration step was added in November 1955, Dr. Cox said, “because
the amount of formalin used did not inactivate the poliovirus. We found
residual live virus for as long as 42 consecutive days of inactivation.”

Dr. Cox went on to asserl that the second filtration step was “picked out
of thin air with no experimentation te back it up,” and that the extra filtration
cut down on the effectiveness of the vaecine.

Mass vaccination with the Salk product started in April 1955 and by April
26 there were reports of paralytic polio among vaccinated children, with deaths
eccurring in Idaho and California. Then eame cases of polio among family
members of vaceinated children. Live virus was discovered in the supposedly
killed vaccine, although it had been produced by the Salk procedure.

Dr. Ratner cited numerous instances in which live viruses were found in
vaceine which was presumably safe, even in Dr. Salk’s own standard vaecines.
“It should be stressed that safety testing was inadequate when Dr. Salk de-
veloped the vaccine and when the vaccine was commercially prepared for the
field trials of 1954 and for licensing and use in 1955,” said Dr. Ratner. He
added that in current vaccine, potency has been sacrificed for safety and that
“at present, epidemiologic methods employed by the U.S. Publie Iealth Service
to assure safely of the vaccine are inadequate.”

Should the Salk vaccine continue to be used?

“There is no known way of preventing polio with a licensed product at the
present time except through the use of the Salk vaccine,” answered Dr. Klein-
man, “While I am an agunostic about the effectiveness of the Salk vaccine, I
still believe it does something in preventing paralysis. So we owe it to the
public to recommend its use. On the other hand, if we are going to act not only
as public health physicians but as scientists we must continue our investigations
into the truth abount the Salk vaccine. On the basis of the facts as I know them,
we must look for something better.”

Other panel members agreed, pointing out that because all of the facts about
the Salk vaccine have not been made public, physicians and public health officials
find it difficult to resist the great pressures of public opinion built up through
an unprecedented publicity campaign urging the public to be vaccinated,

“Since nothing else is available, there seems to be no alternative but to push
the use of it,” commented Dr. Greenberg. “I don’t think we should do so in
ignorance, nor too complacently, believing that as long as we have something
partially effective, there is no need to have something better. By being more
cautious, we may make a mistake by accepting a better polio vaccine too slowly.”

“When measured against its killed counterpart, a live virns vaccine (using
modified virus which stimulate the production of antibodies but do not cause the
disease) is always a superior vaccine,” asserted Dr. Cox. He said it invariably
costs much less. And it gives a higher degree of longer lasting immunity. Dr.
Cox has developed a live vaccine which was tested on thousands of schoolchildren

and adults last year in Dade County, Fla., and also on thousands of persons
in foreign countries.

Another live, oral polio vaccine has been developed by Dr. Hilary Koprowski,
of Philadelphia’s Wistar Institute,

and has been tested on approximately 9
million individuals,

Dr. Koprowski has challenged the U.S. Public Health Service decision last
August to grant approval only to the Sabin vaccine. In a letter in the Janu-
ary 14 Journal of the American Medical Association, he said, “Although it is
a step forward that the principle of live virus immunization in poliomyelitis has





