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'l'he low incidence of the disease also comJilit•ntf's evaluation of a vaccine. 
Presently, a collllllunity Is considered to hn vt' au epidemtc when it has 3!3 
cases of polio )Jer year Jler 100,000 po))ulatiou." lu Oak Pnrk wlth a }lo))u­
lutlou of 61,000, 21 or more cases cou~Ututes nn e11idemic. Since Oak P:u·k 
hus about CiOO block~. this means 1 cnse of polio 11er year to 2.5 bl•x-ks. We 
bavc had only one epidemic of polio In the n••·orded history of Oak Purk. 
Jn a high iud <lence rlise::u;e like utcusles, on the uthm· band, it is <:fJllllllon to 
have 21 cases in a single hlock. 'l'he diffitnli.Y In cvnlnatinJ.\" the efficacy of 
a vac-cine against polio as coutt·asted to measles is ohvious. 

Becnuse of the low Incidence of 110lio, ueitbm· the private )Jhysicinn nor 
the local )mblic health physician is lu a pusitiuu tu jud~e the value of polio 
vaccine fl'Oill (Jersonnl experience uloue. On<> t'(mtml Ronrce mu!!t collect and 
evaluate the data. The result will be only as good as the tho1·oughness, objec­
tivity, and slrtUsticnl sldlls of t11e reutrul sout·t·l!. l'nl"t of. lhe dl1ficulty in the 
evaluation of the Salk vaccine has b<>cn that thE> r<>sponsible nutboritics hn ve 
not refined the techni•IUCS for evaluating high in<:iueuce di~<eases so that they 
can be applied to low incidence disease~. 

We wust also distinguish between polio infection and the clinical disease. 
Tuberculosis, where we hnve the tube1·culin reactor which s ignifies infection 
as contrasted to the reportable clinical disease, is the prototype. For every 
one ease of known paralytic polio we have about a thousand cases of sub­
clinical polio infections. The latter accounts for the high degree of natural 
immunity in adults. C1·uclal to thl' understanding of the contempora.ry vaccine 
tlrOblem is tbnt you can get infection of the gut with ur \Yithout disease. 

'l'he tbeot·y of the killed v:wciue i~c< that circulating antlbo<ll<>s in sutHcient 
umounts will neutralize polio virus before it reaches the central nervous system. 
One of the major disappointments or the killed vaccine is that circulating 
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 tuttltiplientiou of enormous numbers of 
polio virus In the gut, nor their breaktht·ough into the ci rculatory systems. 
l'rotection dept:>nds on tbe px·esence of <"irculating nutibo{}les l.n sufficient titer 
to offset virus entering the circulatory systenH;. lwmunily of this type is 
predominantly relative. 

This conclnde:-; our review. Dr. Grct:>nhcrg will launch ns into our panel 
discussion. 

DR. B EnNAIIII G REEND£RO. I agreed, as n partid tlnnt of this panel, to discuss 
the present stntus of the Sulk vncC'ine as a stnth;tlcian. As ~;~uch, my primary 
concern, my only concern, is th<> V(>ry misleading wny that most of this 
data has been handled from a statistical point of view. 

There bas lleeu a risP. during the past 2 YNll'S in the incidence ra tes of 
pnrnlytic poliomyelitis In the United State~<. The 1·ate in 19fi8 was about 50 
vercent lrigller than that for 19!)7, nnll in 19!i!) about SO t>ercent higher than 
ln l !ftjS. If 10()9 is compared with low year of 1007, the Increase Is about 
170 percent. At the same time, U1e rates tor nonparalytic polio hnve been 
declining in relation to the 1007 bas~>. 

As a rc~ult of thi~< trend in pnml~'llc poliomy{'lltis, va1·ious o:fficlals In the 
Public R ealtll Rervice, official healtb ogende:::, nnd one large voluntUl"Y henlth 
orguuizatiou have been ntilizing the JH"ess, radio, television, and other media 
to sound an alarm bell In a heroic {'ffort to persuade more Americans to take 
ndvantage of the vacdnation procedures available to them. 

Although such a program mlght be desirable until live virus vaccines are 
available to us on more than an experimental basis, the misinformation and 
uujnstified <:ouclusions nbout the eaue:e of this rise lu incidence give concern to 
those intercstt>d in a ,;onml vrogrntn based on lo!Oc nnd fact rather than 
personal opinion and prejudice. 

• Prior to the Introduction of the Salk Taccine the National Foundation dPflned nn epl­
dcn•tc ns 20 or more cn~es of polio per yenr per 100,000 population. On this bnsl~ th.-re 
werE' many epttlemics throughout tbe United Stutes :venrl,v. a'he pre~ent higher rate bM 
resulted. In not n rcnl, bnt n semantic ellmtnntlon of epltlcmtcs. 
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On~ of the !-llo~t ohvions I!iet:e~; of misinforuwtion helng uclivert'<l to the 

Amencan pubhc 1s that the uO·perccnt rise in paralytic poUowyelitls In lif>S 
~ud the real uccelcmtccl inereuse lu 1!)5!) hll\'C been caused hy persons fni,l­
wg to ~e. vaccinated. This t•eJtrC)<euts a et>rlalu amount of "<loubletalk"' nnd 
r:~ ,ll;llWilltnh'l;le:>." to ftwc futts and tu t>valnate the t rue efl'ectivene~s of the ~nlk 
'·~Cc!n,e. It 1:; doublctalli fro~u I he standpoint of logical r<>n:soning: lf the 
S,tlk vaccine ls to takt• cred• t fill" the dt>ditJ'' fr·o•tl 1')·-,~"1 to 1n-,.. 1 th · d! · . ' • · · · · . ., ww <·nn ose m . VIClu~tl s who ~~n· va<:ein:ttccl seYe1·al yen r~ n~u contrlt;ute to the 
Increase In HJ,,8 and lfl•JU! Are not tllt'se persons still vucdnnted? 
T~e number of lJer:>ons owr 2 yeurs of age in 19HO who hnv~ not been 

v~ccmated cannot. be mor_l', au~ mu!<t he considerably Jess, than the nmuber 
":ho had no vac;mutl(ln tu 1!}.,7. Yet, a receut Associllted Pres::: release to t a~~ tnbo~tl the IWI>endlng threat •·cfenf?d to the idea thn.t the "mn in reason 
s _ a w ions of chlldl'en and adults have ne\'cr been vaccinated" It they 
;et~ never va~cina~~· un~~ub·te<Uy many more than were reporte<l were, uu-
acc.mated dur.mg 1Uu5, 19u6. and 10:i7 when the same officials wet·e claiming 

that redu!!tlou m rates was due to tbe ,-ac-clne. 
Could 1t be that th~ vaccine hns bef?n on!)· a tempm·a1·y stopgap nnd that 

the effect !1< now. weartng uJI beeuu:;c the vacc·inated indivirluu18 are not waiu­
t~tng their antibody status through subclinical exposw·es and- booster <loses? 

ne cannot a~sw~r thls q_uestion in the negntlve with real assurance bec~u~~ 
s~ch a. possibility lS certamly a real one. The reduction of antibody titer 
wtth ttme is well documented and may ex-plnln why some individual!l vacci­
nat~d 5 yeat-s ago have lost their Immunization statu~<. On tbe other hand 
rfficlals urging vaccination ha,·e tnkeu the stand that the t·nte increafit'<l hecaus~ 
arge segments of the American population nbout 49 percent have had no 

vaccine at all. ' ' ' 
A _scientific e~aminatlon of the data, n·nd the manner In which the dntu were 

mampulated, will reveal that the true effectiveness of the present Salk vaccine 
Is unknown and greatly overrated. 

The remainder of this paper documents this statement. 

EF!'ECTIVENESS OF SALK VACCINE 

All here will remember th~t the field trials l.n 1!rv4 showed that the vaccine 
used was 72 percent ciiectiv~ In preventing paralytic poliomyelitis within 
1 year, but_ completely Ineffective In preventing nonparalytlc poliomyelitis It 
must be remembered that these figures apply to the vaccine used in ·10_14 .. ·nnd 
th~refore, ~all the Jj'rancls report really tells us is that the Salk va~ci~e of 
~~0;as t2 pen~nt effective in preventing parnlytic poliomyelitis for that one 

For the 10~5 vaccine, certain changes in the manufacture and te!'ting for 
sa;.ety were mtr?duced. The vttcclne did not contain mcrthiolate as did the 
1954 product. L1ve viruses were found in several lots a·ncl the foundation of 
Salk'~ theory of inactivation was questioned. We wer~ alat·med by the varia­
tion m antigenic poteury of diffet·ent lots from different mnnufacturcr~< espe­
~la~ly for a product that was to be administered on a mass basis. The Cutter 
mctde1_1t and the white paper are clearly remembered by those of us wbo at 
that time, .~uestioned the ~isdom of the p~ogram as It wn~< hei·ng conducted. 
To ins~~e nbsolute safety, an extra filtrat10n step was introdur:ed in Novem­
ber 19va. Perhaps J?r. Cox wlll comment on what this extra filtra tion s tep 
may do to tbe anttgelllc potency of the vaccine. 

The result of that change, as well as tile preceding oneR, upon the efiective­
nei'S of .the present vaccine is unknown. At t hnt very time-November t !)fir,_ 
the Poliomyelitis ~urvelllanC'e Unit of the Communicable Disell!le Center puh-
11Rhe<1: a paper w~ch purported to show tllat ln. 1955 the vaccine was still ns 
efie<~ttve ns in 1954. In far:t, a report from that nn\t on December 7, lOiifi. 
went so far as to clnlm that a single inoculation of tht> vaccine wa~ about 
78 percent effective in preventing paralytic Jlollomyelltis. 

In care and precision, the method of study in this Public Health Service report 
was not at all comparable to that of the tleld trials of 1054. There were 
~~o_ co~trols, t~e data were re.trospectlve, and there were no rigid tlhlgn()sti<: 
cnterm .that could be snpervtsed on a national basis. The claim that one 
lnosulahon was 78 percent effective was too much for anyone to accept. 
. " ·e wer~ Rble, fortunately, to conduct a more Intensive study in North Caro­
hu~, but .t t was. subject to the some llmltatlons of no real (.'Ontrols, and of 
rctlospecttve deSJgn. Our purpose wns simply to learn the magnitude of the 
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bias introduced by faulty statistical manipulations i·n the Poliomyelitis Sur­
veillance 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 etrectiveness in North Caroli-na for a single shot. 
Wby this discrepancy of .tlgures in. the two studies? . 

ln a paper on the results of our study delivered before the Biometric Society 
and Institute of Mathematical Statistics in April 1956, I poi~ted o?t that the 
discrepancy wns purely a statistical one. There were two b1ases m the way 
the Public Health Service had calculated its rates of attack among the vaccinated 
and the unvaccinated. 

First of all the nnvaccinated population figure for 5- to 9-year-old children 
used in the Public Health Service report was the number given in the 1950 
census minus the number of childJ:en vaccinated. The number of children aged 
5 to 9 in 1005 was estimated, however, to be 101,000 more than it was in 1950. 
The Public Health Service did not take this increase into account. ~e omis­
sion of 101000 children froru the unvaccinated population would have mcreased 
the latter 'roughly from 236,000 to 3.~7,000 children. Hen.ce, the attack rate 
for unvaccinated children was overestimated by about 40 percent. 

The second bias in the way the Public Health Service had calculated rates 
involved the period of exposure for the vaccinated children. As. the children 
were vaccinated each month, they were transferred t? the vaccmnted group 
piecemeal Before children can be moved to the vaccmated status, however, 
one must. consider the length of time they remained in the nonvaccinated 
group before transference. In the adjustment process, the aeusonal incidence 
of the disease also must be considered. To obtain correct estl.mates 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
me to do so by the Public Health Service accounted for the remainder of 
bias between the two stl1dies. Hence, as far back as 1955 and before the extra 
filtration step was introduced, the question of whether the Sall' vacci-ne was 
really ns elrective as it was In 1954 could not be a1111wered. 

REASONS FOR RECENT INCREASE 

If the vaccine was not as effective, one might wonder why the tremendo.us 
!'eduction occurred in the 1955, 1956, and 1957 reported rates. Here, agam, 
mu<'h of this reduction was a statistical artifact. . 

Prior to 1954 any physician who reported paralytic poliomyeliti~ was domg 
his patient a service by way of subsi~zing the cos~ of hospitahzatlou an? 
was being community-minded 1n reporting a commumcable disease. The cn­
terion of diagnosis at that time in most health depar~ents followed the World 
Health Organization dE>flnltion: "Spinal paralytic pohomyelitls; sign and symp­
toms of nonparalytic poliomyelitis with the addition of par~lal or complete 
paralysis of one or more muscle groups, detected on two exammatlons at least 
24 hours apart." , n th t 

Note that "two examinations at least 24 hours apart was a a was 
required. Laboratory confirmation and presence of residual paralysis was not 
required. In 1955 the criteria were changed to conform more closely to the 
netinition used in the 1954 field trials: residual paralysis was determi·ned 
10 to 20 days after on~et of illness and again 50 to 70 days after onset. The 
influence of the field trials is still evident in most health departments; unl~ 
there is residual involvement at least 60 days after onset, a case of pollomyehhs 
if! not considered paralytic. 

This change in definition meant t.hnt in 1955 we started reportin~ a new 
disease, namely, paralytic poliomyelitis with a longer lasting paralysis. Fur­
thermore diagnostic procedures have continued to be refined. Coxsackie vir_us 
Infection~ and aseptic meningitis have been distinguished from paralytic polio­
myelitiR. Prior to 1954 large numbers of these cases undoubtedly were mis­
labeled as ·paralytic poliomyelitis. Thus, simply by changes in cli!•gnol!.tic 
criteria the m1mber of paralytic cases was predetermined to decrease m 19;:>~ 
1057, whether or not auy vaccine was used. At the same time, the nn.mbe~ of 
nouparalytlc cases was bound to increase bt>cause any cnRe of poliomyelitis­
like diSt'ase which could not be claR.'3ified as paraly~ic poliomyelitis according 
to the new criteria wns classified as nonparalyt!c polio~yelltls. M~y of ~~e 
cases, although reported as such, were not nonparnlytlc poliomyebtis. I! 1s 

. I , 
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inaccmate ·number of cases of nonparalytic poliomyelitis reported in 1957 is 
accepted as accurate and considered as a base for subsequent comparisons it 
is no wonder that we now say nonparalytic cases went down in 1958 ' 

Th!lre is still another reason for the decrease in the reported paralytic polio­
myebt!s cases i~ 195~57. As a result of the publicity glven the Salk vaccine, 
the public questioned the posslbillty of a vaccinated child developing r•aralytic 
poliomyelitis. Whenever such an event occurred, every effort was made to 
ascertain whether or not the disease was truly paralytic poliomyelitis. In 
fact, I am certain that many health officers and physicians here will ask 
routinely if a child has been vaccinated when signs of poliomyelitis are pres­
ent during ~e summer months. We have been conditioned today to screen 
out false positive cases in a way that was not even imngined prior to 1054. 

AS' a result of these changes in both diagnosis and dtaguostic methods the 
rates of paralytic poliomyelitis plummeted from the early 1950's to a' low in 1957. 

Why the.n has there been a recent increase since 1957? 
Why have the improved methods of diagnosis not prevailed during 1959 and 1960? 
The improved methods of diagnosis have prevailed. The present increase, 

I believe, is c.aused by a long-tet·m, 1ncreas1:ng trend in the incidence of the 
condition or dlSease we now call paralytic poliomyelitis. Without doubt, the 
Increasing trend has been reduced to some exte.nt by the Salk vaccine. Never­
theless, the Salk vaccine has linlited effectiveness in Its ability further to 
reduc7 this trend. The reduction at the outset appeared to be much more 
etfecttve than it was, because the early years of the vaccine's use were clouded 
by reduction in reported incidence by the eluniuation of the false positives. 
However, ~Y future substantial reduction In this trend wlll require n more 
potent vaccme, not simply vaccinating more people. If there were no other 
vaccine, complete vaccination of all susceptible persons in the populntlon with 
Salk vaccine would be justifiable. · 

Delays tn accepting the new live virus vaccines may result in a continuation 
of the trend observecl In 1959. Today it may be a serious mistake to be ultra­
conservative in accepting the new live virus vaccines under the impression 
that there is no hmry because an almost equivalent Immunizer exists in the 
Salk vaccine. A delay in accepting and promoting better vaccines will be a 
costly one. There must be immediate pressure applied to determine whether 
or not the new vaccines are more effective, so that we do not cling, for ~;:enti­
mental or personal reasons, to an older vacctne whose true effectiveness is 
today unknown. 

QUESTION. Are antibody levels any Indication of the reliability of tbe effective­
ness of the vaccine? 

Dr. Cox. The only way you t·eaUy can determine vacf'ine effectiveness is by 
direct challenge. Obviously, in polio you cannot make n direct challenge· on 
man. We know, however, from experience wil'h other \'accines that the most 
ncc';lra~e iuclirect method w.e have is measuring the levels of neutt·allziog !Inti­
bodies m the blood, and that s what we're checking. 
It is well accepted now that tbiR method represents n spillover of antibodies 

produced in the tissue. We do not know, however, the exact level of neutraliz­
Ing antibodies ne~essary to protect against paralytic polio. There is Increasing 
evldenc~ that antibody levels as low as 1: 4 are significant. Complement-fixing 
antibodies, on the other hand, are not a reliable indE>x of C'ffectiveness, nor do 
they necessarily correlate with neutralizing nntil>oilles. 

Dr. KLEIN~uN. Dr. Ratner has put me in the position of Devil's advocate, 
being the only one on the panel who nt one time committed llimself in writing 
that the Salk vaccine was quite et'l'ectlve. Rnrl• in 1V58 we showed, or thought 
we showed, that two doses of Salk vat"<:ine was 88 percent effective in preventing 
paralytic polio. We thought this was done rather carefully using a life table 
method of analysis which recognizes that the population nt t·isk changes week bv 
'':eek and month by month. We did uot, however, as Dr. Greenberg suggested, 
give special weight to those months of the year in which the risk of contraCting polio is greatest. 

We repeated this study of 195u and U\56 by projecting the ~ame type of 
stati~ticnl nnnlysis into 1957. Lo and behold, we found thnt two doses of Salk 
vacc,!De wa s uot nearly as effecti•e in 19m as we thought it was in 1956. Instead 
of 83 percent effectiveness, we found only abont 24 percent. Further, in 1n57 
we found that it took three doses to come close to the cft'ecth·eness that we 
had demonstrated with two doses in 1956. 
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llut let's leave that nsicle. I~t we tell you why, aside from the statistical 
standpoint, I 'm getting n('rvons about the Salk vaccine. My first reason is 
the definite inereuse ill paralytic polio. In Minnesota we have found that 20 
pereent of ou.r 10::;9 paralytic experience has oc<•urre<l in triple ami quadruple 
vaccinates. At present, I aw an agnostic as far as the efficacy of the Slllk 
vaccine is concerned because I do not know bow effective it is . I bt>lieve it 
hal; oome degree of effectiveness, but I do not know tlle extent because I cannot 
get pt·oper denominators. A denominator which consists of a point determina­
tion of the llllillber of vaccinates as compared to the unvaccinates is absolutely 
useless because it ignor('S the ellnn~,ring character of the risl<s involved. These 
risks vary from day Lo tta.v dei>ending upon tlle seasonal peculiarities of polio 
infection aucl the changing C'haracter of the Salk va<;-cinated population. 

Laboratot-y findings are another reaAon why I am getting nervous. If polio 
antibOOleA wean anything in respect to protection, then I aw forced to conclude 
that much of the Salk ' 'accine we have been using is useless. For 2 years now 
we have clone antibody titrations on childt·en who have n x:elve<l three or more 
doses of Salk VIH:cine. 'l'hese titrations show that over 50 percent do not have 
antibodies to types I and Ill and that 20 percent lack antibodies to type II 
polio virus. Thls ls a very disturbing fact. When a phenomC>non like this occw·s 
2 years In a row, one has reason to believe that the material we are inject ing 
is not an antigenic preparation. 

I should also lil\e to emphasiz(' Dr. Greenberg's rema1·ks 0 11 the changing 
concepts of polio. I t Is now extremely difficnlt to get a Minnesota pby::;lcll\ll 
to wake a preliminary diagnosis and report of nonparalytic POlio. We now 
knnw that aseptic meningitis has a much broader etiology than polio virus. J:n 
lU:',(j iu much of ou.r so-ealled nont)llralytic pollo, the etiolo~cy turned out to be 
Coxsackil' B -5 virus, and in 1957 a sta~gering outbreak turned out to he Echo 
!) Ylrus. 1t is lW wonder thl'u that the aYerage doC'tor does not want to make 
a diagnosis of polio iu the ahsenC'e of frank lower motor neuron fiaecid paralysis. 
.As n result, the only polio that·s being reported today are eases with frank 
pa ray Isis. 

I would al>'lo Uke to agrt'•e wi th Dr. Greenberg that the insistence upon n 
GO-dny duration of paralysis for paralytic polio is absolutely silly. There isn't 
a doctor iu this room who hnsn't seen a case of frank paralytic polio which bas 
not re<:.-overed within 00 days, or at least recovered sufficiently so that you t.oould 
not estimate with clinical <'ertainty thnt there wns some residual pnraly~is. 

I would like, then, t.u lHwc my position umlerstood, nt least on this panel, 
n~ tbnt of au agnostic so far as the Salk vaccine is concerned. I am not against 
it. I tl1 ink it i~ the ouly wecliuw we have which hils some degree of reliability; 
but I think there are better methods, and I think we shoulcl take advantage of 
these methods if It seems at all reaF:onable. 

Dr. RATNER. Dr. Cox, what has been your pxperience with antibody findl.ngs 
in tril)le or quadruple Salk vaccinates? 

Dr. Cox. First let me say that I am couvinced that living virus vnccine Is going 
to be the final answer. I base thls stat('ment on my experience in the virus field 
since 1928. I am not against killed virus vaccines. I was the firl!t person to 
r>rove that they could be made. This was at the Ro<'kef('ller lnF~titute, where I 
develo})Cd a killed vaccine aga inst ea~<IA>rn equine and weRtern equine eneeph­
alomyelitis. Later, us n bn<:teriologlst at the USPIIS, I produced other killed 
vaccines. 

I want to emphasize, howe,·er. that everythiu~ done in the field t•f virology has 
to be quantitative. This applies to llvinl{ as well ns killed Yirus n1ccines. Unless 
you have quantitative methods and !mow wllat you ure tmtting Into t1 vnedne 
product, you have nothing. The rooson our <:ompany refU$;00 to mnke the killed 
Salk vaccine was beeau&• WI' knew it wn~ iluJl(lssible to produce enough virus by 
known t issue culture metlwds to mnke a good killed poliovirus vnccine. We 
knew the quantitative requirement~< for vnecine as fur bal·k ns 1934. Or. Salk 
hns admitted this past year thnt this I•rlnciple is true. Thi:< ba~lc qunutitutive 
principle is precisely nvplkabll' to JIOlio. I nm nnxlnus to tell you what we know. 

There are very few things that you f'nn generalize upon in this field, but one 
thing you cnn depend on is thnt you've got to have a t lenl>t 100 million particles 
per dose to make a killed vaccine tllnt's worth nuythlug. 'I'be only sin~~:le excev· 
tion is Rocky Mountain spotted fever vaccine, which bas by far the best nntigen 
that anybody bas eYery found, either in rlckettsioloey or virology. With spotted 
fever you <'nn make n ~ooll killed vaccine with betwe('n lQ un<l 110 million rick· 
ettsial particles, bnt In the case of viruses you must have 100 million vlrul'l 
part icle,;, ns a mluitnum, nnd prefl'rably a highl'r concentrntlun. 
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We have found that in production-all th 

You never get much above 10 to 30 . e 1~a~ufncturers have found this-
meter by tissue culture methode. Ac~~~~~~nlpoh_ovtrus Pitrtlcles per cuoic cenU­
a gOod killed virus product we would huvegty, "e told our company that to make 
fold to tenfold for n Product that would o c~neentrnte the vaccine from five­
would be Producing a product that t IU~ our stunaards. Otherwise we 
we didn't want to be in a position wh a rue scientist could not be proud or,' and 
the ~anufar.turer around 89 cents a ~~~~~~~o~lcl ~ot bnck the product. It cost~ 
va~Ine. If you multiply that by fivefold to nt lu}e 1~ to m!lke the present killed 
labor costa, you cun see that the rod . en ° nnd mclude the addit ional 
back in 1950 when we decided not t~ pr~ft~c:su\~ be costly. We predicted this 

We are now learning not onl . th • a vaccine. 
Denmark, that the kill~d prodJc;~oe e Unlted States .but in I srael, England, and 
ug~inst type II poliovirus. But type ~tr fai~l! good JOb of producing antibodies 
lyttc case.s throughout the world Th i};::ents only about 8 percent or paru­
type I, however, which causes 8G · rc e vaccine does u poor job against 
which causes about 12 percent rr ~tor paralytic cases, and against type III 
best job against the least lmpo~tan~ ~~r ~~~lis, _the killed vaccine is doing its 
proven in Israel in 1958, when it had it ·b ook tim~ to ~nd this out. It was 
any di:trerence in protection between thes v ig ~~ 1 epidemtc. Tiley did not see 
year in Massachusetts during a t a ccma ed unci the unvaccinated. Last 
cases In the tliple vaccinates than ~hlii outbreak, tbere were more paralytic 
good but ~ttle kno.wn inununologlcal e.xp!a~~~fo~l;late~: Actually, there is a very 

Dr. Klemman, Ill refert·ing to the M. or t IS. 
the triple Salk vnccinates 57 percent ~~~esot~ studie:S, did not specify thnt in 
type I poliovirus, 20 percent had thE.' s' < nnlhb~dy t iters of less than four to 
poliovirus, and 77 percent had titers of·l~:ethac /f. anlibody titers ~o ~ype II 
of January anci February 1958. We found ' an our .to ~ypc III lJOliovirus, as 
nel. The amazing thing is that when the ~a me thmg m P earl River person­
in northern New J ersev 1\lld ~uthern Jou ana yze these 1,100 people scattered 
ence between the response of the un" r ew York. you find no ~lllllre<:iable differ­
C>r four injections, to type I or III P~~~~~!:~ and the vaccinated, folloWing three 

QuESTION. At what intervnls afte tl 1 · . . 
body studies? • r le ast lnJuection did you make these nnti-

Dr. Cox. These vary but they're all wlthi 
the cl.uim has been ui~de that a good kille~l ~ l~:riod of 18 months. Of cour~e. 
du.ration of Immunity. I don't L."Dow 

0 
~ ], vaccine should give a longer 

<lu.ration of immunity. 1 do know tho ~ any kiiiCfl vnc<'ine that give~ a longer 
hns a mortality rate of 95 per<'ent, the !am ro~{y Molll;ltaln spotted fever, which 
booster doses are taken once a ear cc ne as el~a~ed mot·tality, provided 
typhus vaccine. .Both of these n;e v~ry ~~Jak~l~ \hmg IS trne with epicll'mic 
better; Yet the immunlt:y they provide is of sholtetl Yatc;clnes. I know of none 
boosters. · r < urn 1011 nnd requires YNu·Jy 

Dr. RA'tNE!t. Dr. Cox would yo 1 t th . 
step, which was introd~ced as a ~e~'!sU. e en:trect of the atldltional filt ration 
on the production of a potent Salk va.~:{i'e ?s ety measm·e in NC>vembel· 1!)55, 

Dr. Cox. The extra. filtration step wns int d d . 
mnUn used in tlreparlng the vaccin.e did '

0 
t { 0 ~~e beeause .the. amount of for­

residual live virus for as long as 4? con ° nac Ivate th~ llOhOVlrns. We found 
mon knowledge in the indust th secntlve da_ys of lllllctivation. It is com-
10-day intervals did not elinl7nateat :;~~ r~g~ahons requiring incuoation for 
through difficulties encountered in : 1 uu ve virus. The wanufncturers 
sure there was no live virus, extend~ 1tuctlo~, ~oon learned of this and, to b~ 
Even then they had to throw out batch le per ~ of co?klng to 80 days or more. 
viruses to inactivate with fonnalin. es, because polio ts one of the most dl11icult 

The second fUtration step was picked t f . 
to back It up. Because it was thought t~~t o ~~m lal~ with no eXperimentation 
in a mass of killed particles were etti res ua hve vl.rus Particles enC'ased 
duced in the hope that it would g ng through, the filtration step was intra­
however, that any time you in~;m:ve this aggre?ate. We've known for yenrs, 
antigen. .Actually the Is raelis o uce an additJOnal filtration step you lose 
virus content by a ~econd filtrati;ouncl they lose from tenfold to thlrtyfold in 
to start with, additional filtratio: :~f· ~f yo~ have a s~mll amount C>f antigen 
this vaccine has been most confused b on Y r nee It sbll further. Certninly 
scientific basis any virologist wm agreeec~h~; I~~~~~~ vested inter~sts, but on ~ 

QUEsTION. Do you knC>w the variation of tl t ~you the abl"olnte gostwl. 
the market? le po Pncy of the l'!nlk vtH:rine on 
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Dr. Cox. Ullforluuntely, that varies considerably. 'l'he manufacturers are un· 
able to quantif.v virus partides In the killed vaccine because it ts too costly. A 
good killed vaccine 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 ldlled au\1 llve vaccines. 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 ns tlte tYJ>e 
I component of the Salk vaccine. As lllUc as five virus particles of ?.!ahoney 
injected Intramuscularly will paralyze monkeys. 

This virulent strain, however, was responsible for the vaccine-induced out· 
breaks in the spring of 195u. In Idaho, where the people were polio virgins, 
the vaccine caused numerous cases of polio. In New Mexico, Arizona, and else­
where, where natural irnmtmity was present, there were few or no cases. 

Dr. RATNER. Some specific datn on the variation in potency may be of interest. 
New York State Health Department investigators reported in Septen1ber 1956 
that there was a GOO-fold variation in the potency of commercial Salk vaccine 
on the market. Other unpubliciY-ed USPHS data showed a sixtyfold variation. 
Today many inoculations of tbe Salk vaccine are needed to accomplish the same 
results that were claimed in 1955 with one inoculation. In the history of drug 
therapy there are few drul!s, if any, which become progressively inferior with 
Increasing years. 

Dr. Cox. I would like to re(Jeat that good vaccine, whether living or killed, 
bas to be quantified. Our livinl! poliovirus vaccine, which I hope to tell you about 
very soon, Is quantified. 'Ye keep very careful control of the exact amount of 
virus in every drop we produce. 

In virology you have to deal wit.h both quantity nnd quality. If both are under 
control, you're on solid gronn\1. If they are not nuder control, you don't know 
where you are. 

Dr. RATNER. 'l'o close the discussion ou potency, bnck in May 1957 the largest 
producer of Snlk vaccine in the Uuit{'{l States bad several million dollars worth 
of vaccine on band wllicb did not pass the minimum potency rcc}tdrenlents of the 
USPHS. Subsequently, the Division of Biological Standards relnter1>reted the 
lllin.iruunt requirements to make possible the comme1·cial utilization of this vac­
cine. 

We would now like to spend a little time on the safety factor. 
Dr. 1>:fEmR. 'l'he thin~ that Impresses me most about this question of polio vac­

cine is a l)roblem that has been diseussed only by Indirection. How is it that 
today you h~nr f rom members of this panel that the Salk vaccine situation Is 
t-onfused; yet what everybody knows fromt·eading the newspapers, and has kno~ 
stuce the vaccine was introduced, is that the situation as far as the Snlk vaccme 
is concerned. was and is marvelous? 'l'he reason for tbts discrepancy lies, I thinl{, 
in a new attitude of, runny public health and llUblicity n1en. 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 questions 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 John~ Hopk-ins, where I had an opportunity to talk with 
some of the people " 'bo 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 1leld trials. 

The geneml theory that Salk was working on was a very s!UJple and old one : 
That the inactivation of poliovirus by formalin would proceed In a straight-line, 
first-order reaction. This means that in a1 hours of contact with formalin, half 
the virus particles would be Inactivated, that an equal. number of a~dltlonal 
hours woul\1 inactivate anotller half of the rcmalnin~?: hve virus parltcles and 
so on. By extending the period of inactivation, n product would result In which 
tbe amount of living virus remaining was net>essnrlly so minute as to have no 
practical significance. This was Dr. Salk's built-in safety factor to insure 
complete safety. 

Although tRis theory applies to many cases, whether it applies to the Sal.k 
vaccine remains an empirical question. What troubled me greatly wns that 1t 
appeared from actual data which Sallt presented that the theory did not apply. 
Assuming there was some error in my understanding or in Salk's, I inquired 
of the people who lmew about this. The answer I consistentlY ret-eived was "I 
st>e what you mean. I haven't thought about it very carefully myself, but there 
Qre many important an<l competent people who ax·e taking care of this. Don't 
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worry. After aU, this Is merely a paper for th bll 
goods." '!'be answer as it emer"ed later fe ~u . c 1111? :10t the real le(•bnical 
care of it. ., ' ° COUise, was uo oue was taking 

The problem of making a new vaccine o d t' ,. 
will always be difficult. We ha,·e' to b' ~a. ~P m,.. any public hc.nlth llHUtsure, 
ril'k of error In thi~ tl 1 · c vrev.ued to move nbetHl Ill face of the · · " par en at· issue what tt·oubled n 1 when the <'nor was there before us 'in the r)a tl t · le wa::~ mov ug ul!cad 
safetJ'. · per l!l undertook to <lemonslxate 

The reason fo1· thi~ unhappy sitt t1 1· 
earlier .. · tba.t dissent aml discussio~a~·nonJJUbl<'lis first lu the attitude I refet-rrd to 
it li . th ff . . • . c are unwelcome Second 1 tl . 1· es 111 e di UI'IOn of r<'spou:-:ibili ty u t h . . . , . . , : · . • liD' 
:,:ystem of (lroruotiug new measures. In thlsla . U>< r~;llt~d fr~m the COIIImitt(!() 
but no sin~tle member took It upon hi . Ifatse ~ luge conwHUce wns hn-olved, 
through. Although Dr Salk felt he b ruse 0 •cck the prublem all U1e way 
more serious evidence th~n that wllic-~d:· no_ oue ~~s~ d?ublet"h~cke<l him. Bven 
the 1n-eseuce of lh·e ,,1·r·t1s · . · Salk )lrovHkd 111 puhltc emer;wd later· · · · m vaccme natnufactnrell · t · 1· 1 · the protocol:;;. 'l'o be sure the 1 t 1: . · m s nc . nc•corc :1 n1·e with 
field trials In 1954. Notwlthst!~di~! c;J ,vacc1U,~. wen> not uistribuU:>cl f•u· the 
cally that the method itself wa"' not "" 1 8 ,~xpeu~nce demon~tl·nted uuc·11uivo­
the triple safety checking of the va sa_f~. 1• tut!lermore, most. o! you kuow thut 
fncturer, Dr. Salk's ht!Jorutor and cc~~e use~l m ;he fie.ld tnnls by tho mnou­
tlle licensing procedure. Mosf' o.f thet ~~t~~hlc .~enlth. Serv_i~e wn:; tl wpl,ed in 
by the manufacturer. It was no su . s IS n Ulr>cl Ill l!)D:; were tested only 
of ,·accine-iuduced case~<. The only ~~~~e •. ~he~, thn

1 
t we bad n sp1·iug out urea k 

.r 1 rtse "as t 1n t Utere weretft more. 
PART II• 

VACCINE SAFETY 

QUEsTION. How many Jots wet·e acce t d 
tm·er's pmtocol alone ·1 · P e as safe for lict>n:-:iu~t on muuufac-

Dr. HEuALo Cox. Not an lots were che k 1 b 1 
manufacturers'. 1'h~>v were random i ec Y n~oratories other tbnn the 
of Biological Controls· was aware of s~~p~ 1· t·Thc Hu·ector of the LalJot·ntorv 
ful in obtaining a clartilcation from D e S l~s mg problems but WM unsuccesS'-

QuESTION. Didn't the Director grant t~l; 1fl-e~se? Dr. Cox. He clid not want to ~rant th ll · · . . . 
Dr. HEnnEn·r RATNER In March 1~54e cense. but hts decJ!'llc)ll was overruled. 

for field trial use were .positive for llve, f? o~ tb;: 48 lots of vaccine produced 
In only 2 of these 10 wns Uve rtru v Ills Y IS!HJC culture o~ monkey tests. 
mn~n~factnret·, the National Instil~~~:t~t~c~ft~ll three ~ubora torJe::~ : that of the 
POSitive lots live virus was found bv a . 1 1 b • nne! Dt. Snlk. . In seven o.f the 
As Knuubiegel pointed out at this s~:;tg ~ 11 ora\ory b~t not by the other two. 
cause for alarm was the knowled t Y s annua meetmg in HIUG, "The real 
test results nmong the different lag~ra~at. the;e. ~as llO corr:lation of po:-:itive 
the same laboratories Insofar as resul on~s au~ practically none within 
tests were concemed • • • the rcsul~ of.tu~sue culture and monkey inoculation 
qua~y aU(l unreliability of the testins of .the t:es~. served .to l•t·ovc:; the iuade­
bRsis of Dr. Salk·s report in April of g atocedure. Notwlth~tllnchng, on the 
of 7,507 children with commercially pnr~ a vedrse en:ects follo";ug the Yaccinntion 
allowed to proceed. pare vaccmes, the 1954 field trials were 

In 1955 two ruther than three ~r . .. . 
n_facturers nnd the National Institu~~ps r~ ttctpated in saf<'ty testing: the man­
tissue culture and monkey tests on tb 8 0 .erutll. The manufacturers ran both 
the NIH lnboratories onl 14 e vaccllle t~ey submitted for lit-ensing. At 
licensing were .subjectedyto b~~c~:~t!~e;~n-ft ftleths) of the lots snbmittecl for 
fiftieths), were subjed~>d to 1 ' e .maj~rity, G-l: percent (thirty-two­
done despite the fact that it ~a Y lone teRt-;-the tissue cnlt~re te~t. This was 
monkey teF~ts on some trivalent s a~no·"'f ~tom the ~HG4 testmg <'xpcrience that 
monovalent components ( t f :eria were positive eYen wlum ead1 of their 
negative by tissue culture Y~s ' ~~ antd :II), before pooling, hnd bef'u found 
lots submitted for licensing wer~·uot en Y· wo percent (eleven-fiftieth><) of the 
that the vaccine nl'ed in 19 ... , t~sted hy NIH at nil. Tlle~w ligures indlc•ate 
surprising that there wet·e c:~ w~s na~leqnately tested. Therefore, it iR not 

To bring this Issue of the ~t~ 0~a~n~ff~ueed .PDiio in the spring of 1055. 
. e • n · vaccme to a close, the tollowing 

• Reprinted trorn Illinois hfedlcnl .TournnJ September 1960 
84426-02--s ' · 
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. need investigators from the Michael 
information is pertinent. In. 1~5~, ~~~e a safe vaccine by the Salk formula. 
Reese Hospital in Chicago faile 0 pro . r f the Salk vaccine. 
Their findings were dismissed by the b~:~d:r~rs using safety tests more rigid 

In the spring of 1955 one of the man live virus in its own vaccine, in 
than those required by the USPHS h fo~dn market and in one of Dr. Salk's 
another manufac.turer's vaccine ¥n ~ ~d for commet:clal vaccines. This ~ann­
vaccine preparatiOns used ast~ s ~ ~lk vaccine and did not resume until an 
facturer discontinued produc 100

. 0 • was developed In the fall of 1955. 
alternative method (ultraviolet! ~di~:~~acturer, however, had already been 
Some of the released vaccine 0 

. e idemlc and some of the same 
used in Massa<;Jlusetts, which ~r~~:~~of: Vl~ere, .a~ Dr. Kleinman has s~id, 
lots were used m New York, an n man of us thought the effeetive­
he found 83-perceut effectiveness. Of co~~seto thl fact that it did contain live ness of the 1955 vaccine was due pr mar Y 

virus. . vi 1 another of Dr. Salk's standard 
One other manufacturer ~~~~~~so ~~~nl~ live virus in commercial vac~ine 

vaccines. A member of the SPHS to have induced cases. The flndi!:!-gs 
other than that admitted by th~ U tts State Polio Advisory Committee, whtch 
were not published. The Massa' :se Thomas H Weller and 1\laxwell Finland, 
included among others, John~-~ er:St USPIIS llcensing because of its knowl­
temporarily banne~ the va~e es~ e vide.nce of unsafe vaccine f rom manu­
edge of these findiDgs. EhpldUe~;,ifgl~nes been reported by Anderson, Redeker, facturers not named by t e 

and others. t t ti was inadequate when Dr. Salk 
I t should also be . stressed that safe Y es '~~s commercially prepured for the 

developed his vacdne and ':"hen. the v~ccin: in 1055. The claim of long duration 
field trials of 1954 nn<l for h censmg an ut\od levels reported by Salk, Brown, 
of effectiveness, then, a~ measured b;v anw~ictf did not exclude the presence of 
and others, r eally applies to a ~acciDeent vaccine in which potency bas been 
live virus. It does· not apply_ . ~~~al evidence in the papers of Salk and 
sacrificed for safety. thTherti\ ~ymresponse to the vaccine was too pronounced Brown tbat some of . e an . . o, 
to be ext>lalned by a k1lled VHUlS. ed b the USPHS to assure safety 

At present, epidemiologic meth?ds e~ploy . ol the failure to thoroughly sur­
of the vaccine are inadequate: First, ecause of unrefined criteria for the 
vey untoward reactions, and s~cofdly, b~~!~~:nce on correlation of initial 
determination of. safe~y; forr ms a~J~is~ontinued reporting of satellite cae:es. 
paralysis at the site ofSltnotcul: ~ti ~epartment recommended that Salk vaccme QuESTION. Has any a e e 

not be used ? f State health department that refuses to issue it now, 
Dr. RATNER. I know o no This is a question of whether a State 

altllough earlier thi.s ':"as not ~tie c~~e.oppose mass propaganda and the public health department lS lD a posl on 
opinion that has been for~ed by _It. thin we can do in Minnesota and 

Dr. HERMAN KLEINMAN. rhere l.S only one of r~venting polio with a licensed 
that we are doing. There Is no known way th ~ e of the Salk vaccine. While 
product at the present time except_ through f t~e ~alk vaccine I still believe it 
I am an agnostic about the effectye~ess ~0 we owe It to th~ public to recom­
does something iJl preventing par~ ys s. r oin' to act not only as public health 
mend its use. On til~ other hand, if we ~fi~ue ~ur investigations into the truth 
physicians but as s~•entists, we mu~t c~ th facts as I know them, we must look about the Salk vaccme. On tbe basis o e 

for something better. th t the State and local health officers are at 
Dr. l:'AUL :MEIER. It see~s ;o me . a ch the same position as my children's 

levels cli~erent fro.m U~I HS ~ntl ~. ~i~n ol.ntecl in tbe Salk vaccine; ~e are 
petllatriClun. He said, We !Ue ver.l' d ~p The people who have the ev1dence, 
very Wlhappy witb it ; but what can w~ ~ble to judge say tt!le it. I am in no 
who have the lmowiE'dge, who sho':idto e make a different decision. I have to position to second guess them a!:!- " 
recommend it and I ha•e t~1.us~ ~th officers to be in but there isn't any ques-

This Is no·position for I•Uu IC e ver been discussed. The great 
tion tllat is the }>()sition. All the facts ~~~o:~d be a health officer with great 
pressure of publtcity has b~en t~xe;te:.the basis of the little he knows he is pre­
self-confidence wbo would say a 0 tllnt oJ: the USPHS and to decide not 
pat·ed to mal'e a judgm(•nt dlff;rreintdfr?~consider it convincing eviuence of the to glve it. On the other hnnu.o on . 
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efficacy ot Salk vaccine that all, or almost au, health officers have gone along with it. 

Dr. BI!:UNABD GREENBERO. I would like to second that comment to make sure 
that my position is understood. I'm an agnostic like Dr. Kleinman. I am sorry 
t11at I do not know what the etrectiveness of the Salk va·ecine is. Since nothing 
else is available, there seerus to be no alternative but to push the use of it. 
I don't think we should do so in ignorance, nor too complacently, believing that 
as long as we have something partially efl'ectlve tllere is no need to have some­
thing better. 1.'he USPHS ls, in effeet, saying, "Let's face it: we were burned 
the last tl.me by getting into this business too quickly; so this time we a re going 
to be more cautious." By being more cautious, we may make a mistnke by 
accepting a better polio vaccine too slowly. And thnt's what I am trying to 
emphasize: They must realize they are n.1aking this lllistake possible. The issue must be pursued. 

QUES'ltoN. Dr. Cox, are we doing any harm by using a low antigen titer Salk vaccine? 

Dt·. Cox. I have data which I have never published, because at the time I 
didn't fully understand the significance of it. 'Yhile working with the USPHS 
in Montana many years ago on the development of killed vnccines for Rocky 
Mountaiu spotted fever and epidemic typhus fever, I observed that vnccinated 
guinea pigs challenged with Ro<.·ky Mountnin spotted fever or typhus would 
sicken and die before the contt·ols. I couldn't find anything about this in the 
literature, and it bothered rue for about a year. I learned that by increasing 
the antigen fivefold to tenfold into the range of 100 million to a billion organ­
isms pet· cubic centimeter of vncdne, this adverse effect was corrected and an effective product obtained. 

We llad the same experience at Lederle with Jnpanese B vaccine. Loto;; of 
vaccine which had less than 100 lllillion virus vartlcles invariably would cause 
the va<.'Clnated mice to die before the controls when challenged. The same thing 
happened to us when we tried to produce a vaccine against lymphocytic 
choreomeningitis. During the war the Division of Biological Standards made 
tlle ~<a me observntion with Jupnnese B encephnll tls vaccines. 

I mentioned this observnUon and correlation in a paper in 1954-; namely, 
that with a low antigen killed vaccine you staud tbe danger of actually doing more barm than good. 

'l'he firs t field evidence we've had that there may be something to this clinically 
was . tbe type III polio epidemic in Massachusetts last year, where 47 percent 
of the paralytic cases occun·ed in those who had three or more lnjeetions of 
the Salk vaccine. 'l'he lower inchlenee of paralytic polio (37 percent) in the 
unvaccinated l:l"oup mises tlle question as to whether we have produced a greater 
sensitivi ty In the Vlll'Cinated individual. It the investigators have correetly 
estimated the numbers of vaccinat~d individuals, the clinical finding confirms 
what '"e've seen in the laboratory. It ls hard to be sure thnt this Is the case. 
But we have supporting laboratory experience that susceptibility is increased 
by sensitization with low antigen vaccines. 'l'hls is an Immunologic fnct sup. 
ported by USPHS findings. I ntlvised against tbe manufacture of the Salk 
vaccine because I knew frou1 eXperience that 1,000 to 4,000 formalin would not 
kill the poliovirus and tbat blgl.l concentrates of antigen are necessary for an 
effective killed vaccine. With low concentrates of antigen you may do more harm than good. 

J,tVE POUOVIRUS VACCINE 

"

7

hen men~<ured against its kille<l counterpart, a live virus vaccine is always a 
superior vaccine. It invarinbly cost about half of tuat of a killed vaccine. ·~'he 
only 1·eason for not making a live t.vphus vaccine, for instance, is that tccbnieal 
problems of sterility would be dl1Jk•u1t to overcome on a production basis. 

We cuose the oral route fo1· live poliovirus vaccine because polio infeet.s 
through tho oral route. We also knew from our work with othet· viruses that 
the best way to immunize is to follow nature where possible. Since nature 
was Immunizing 999 persons out of a 1,000 agal!lllt polio witlJOut any trouble, 
the idea was w follow nature's exautple but to cut the risk down ns much as possible. 

The work we did on Newcastle disease in chiclcens was a perf~ct model in 
every respect for polio. Although the Department of Agrieulture hall vre­
vionsly stntt'cl that they would not license a single live virus prorluct, tollny it 
is hard to find n ltille<l vh·us product in vetet·innry medicine. 'l'hey too found 
out th1tt living virus vaccines are superior. They give 11 l1igber degree of longer 
lasting iuuuunity. They cost less to make and tHlminl:,~te1·. 
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Polio is unique because many more people get the infection than the disease. 
When you think about it, theoretically it shoulu be the easiest o! all viruses 
to wodify. Rabies, b~· comparison, is 100 percent fatal when introduced into 
the brain tissue of any warm blooued nuimal. Yet, w~ nre able to modify the 
rubies virus so that we <.1l.n inoculate it tlirectly into the brain of warm bloofled 
animals with no sign of the disease. When chullenged \ritb virulent strains 
ot rabies, these animals will withs tand 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 produces cllnical signs of the diseuse in so few pt.'Ople. 

A complil:ating factor iu polio was that we were dealing with thL'ee different 
types, each of which had to be woditied. l!'urtbermore, we felt that we had to 
modify these viruses by ndaptntion to a foreign host. In nlnkiug yellow fever 
vaccines, we learned that when you take a vints aml :Hlupt i t to an unnatural 
ltost, it loses i ls virulence for the ori~iuul host. This central baslc priuciplc 
\\liS oi.Jservcd I.Jy Jenner n1w, when he found l hat eowpox had the u.hility to 
immunize against smallpox. In yellow fe>er, therefore, scicutists purposely 
adapted tbe:-;e strains to new hosts, first. by adavlation to the brain tissues of 
suckling nlice, then to mL"Xed ti>;sues of sucklhlg mice in tissue cnltm·e, then to 
chick embryo tissue cultures, and finally to the chick embryo in the ('gg Hs<'lf . 
Even tbou~h it has been claimed that you cannot grow polio !u chick embryo, 
we snccee<led in growing all three strains in chick embryos. ~'he reason we 
desired this was that experience has shown the absence in chick em iJryo of 
extt·aneous virus contaminants which cause lllness. Chick embryo for ali 
practicnl purposes is <~pretty sterile package. 

'rhe only thing that balked us after we got the polio strains iu chick embryo 
\vas theh· 1wor autigeuicity. 'l'ype I wns completely nonantl.~enic; type III 
wa.s so poor that its cost would have been prohibitive ; the only one tlJnt was 
half-way antigenic was type II. ln other wor<ls, we learned that i t 1!'1 unwise 
to continue passage in n oumtunmalian tissue for long PtH;ods of time. 'rhe big 
danger In modifying live virus is not stoppin,z nt the right poiut. 1f you carry 
it too far, you overmodlfy and lose wbat you' re after. It's sufe but it won't 
immunize. 

We have developed our strains of virus so tbat they nre nonvirnlent to 
monkeys in the range of 100,000 to a milllonfold. We know that iu some 
instances as little as two tissue culture particles of some wild strains of polio 
when placed in the brain, or as little ns fi-re tissue particles inoculated intra­
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 
virns particles per cubic centimeter to pnraJyze monkeys by direct intracerebral 
Inoculation. 

Since the chance of getting pnralytic polio from a nntural infection of wild 
't'irulent viruses Is only one in a thousand, modified poliovirus ndcls nn adell­
tiona! sllfety 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 
par ticles for an Infecting dose. We need only somewhe1·e in the range of n 
1.5 million to 3 million virus particles. We do not bnve to conc£>ntrnte any­
where from five to tenfold, as In the killed vaccine; instead we dilu te. 

A live poliovirus vaccine needs many more virus pnrticles to establish nn 
immunizing infection than any other live virus vaccine I know. This may 
be due in par t to the destruction of virus by gastric juices. It could be 
because our strains may be modified more than they need to be. At nuy rate, 
nll of these factors must be worked out quantitatively, for we have to know just 
h ow many virus particles we're feeding if we are to come out with 11 better 
product. 

The type I and III components ot our vaccine are now standar dized to con­
tain at least 1,200,000 t.o 1,500,000 live virus particles. In our type II, which 
bas been overmodified., we need 8 million virus particles for a 00 percent immu­
:nJzing dOI"e. Now we are in the pro<.-ess of increasing tyt>e II's power to infect. 
We do this by feeding the virus to man, having him shed the nrns as long 

cas possible, recovering the virus in the stool, nod 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 hmnan cells, which Is what is needed, becnuse you cannot immunize 
unless you can infect. 

It must be remembered that you cannot immunize the gastrointestinal tract 
with killed vaccine, even in la rge runounts. Although the killed vaccine does 
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induce antibodies in the blood, thi d 
a carrier and shedding poliovirus s 0oes not Prevent the person from becoming 
well as modified virus strnins in saik-v::c;;.a~~ecover Wild poliovirus strains as 

The principle of the live virus va a. pe~so~s. 
your ho~1se against the weather. Yo~~~:n~n filff1:g lS anaJag?us to protecting 
you do 1s paint the outside walls b e rooms Wlth concrete. All 
the case of a natural IlOilo infeC'tion ~w~e th~y are tlle site of exllOI'lure. In 
of u thousand who does not get th~ di~ou atth one of tbe 99<.) lueky ones out 
the gut, and viruses are sh£>d an h ease, e virus grows in the cells of 
without symptoms. Durin thi yw ere fro~ 10 .days to as long as l.i IIIODths 
a l'esult of this infectlou gthe ~ef~~oc~ss antiboches nr>pl•ar in the IJ!ood. A:; 
periods of time depending on tlH~ n~l 0b thef gut become reslstnnt fnr varyiuA' 
of this In m:v' th1·ee grandsons T:e er 0 cells infectl>d. I lluve au example 
more tbnn once, cllcl not shed tYIJ.e II ou ~~der ~n~s, wl.Jo llad b~n Yac:-cinntc•l 
wbo was immuu ized only once, a eur .. . re~dmg. ~he youngest one, however, 
dnys and then !':tOpped. Y e.u hel, sheu vuus for soYenll <'On:;ecuti\·e 

l£ .you PrOI.:ectl ~·Tadunlly, and qunntitatlv I . . 
natwe ns n model for i ruprovt>meut , . c Y, ~nd wulate the uonus of 
tlon we huvc benefited from e··p"t'' you ::tile 011 solul gTouncl. In this conne--

t . 1 . ·' <" 'Ience w th 10 <W 12 11 . · ,. rou me Y m the United St"tes m· ve• · 'e >irn~ vaccine~ t"sed 
V . · . · . ·• ~ennnry medic in ., .. 
. ~mg. live nrus vncciJJC is the only vs"i . e. . 

stmms m nature. ~'he gastrointe t· lv , .~ !Jle '~ay to clhmnatf.' wilt! \'lrnlent "'!hl strains cannot get !t foothold.s ~~~ tl.act nu.r~:;t be lllltC~!:' so resis tant that 
'\"\ c know this from hog cholera. In t~ cat;not be <lone mth u killed vaccine. 
use of anything but live viru" vnccin c 3.) ~t..'ltes that huve prohibited the 
disnppear tod been use the swin; lla ve be,, the wlld strains of hog cholera have 

I n the be.!;inning we moved 1 ccome resiF:tant to infection. 
immt><llate famUy- my daughters~:~ t~nd ~autlousJy. We started with my 
nized. TUell we Included neighbors th e fu st pregnant 'IYOmnn ever immu· 
and their fatuities . At present w~ 1 en e!Jlt>IOY£>es at our Pearl River plant 
sometbiug like 20 different conntrle m~e numunlzed over 900,000 people in 
ing aud over 1.5 llllllion people wit~ o:;,iv~fr ~ntin~ts with monovalent feed-· 
over u 90 percent take, and over 90 . en vnccme. The vaccine now has 
type I, II, or III, can be imnlUnized by a :C~~eg~ 0~1 those missed, whether it be 

We do not claim that this r d ee ug. 
docs not e'·eu get life-long im~~nrct wJU re~ult in lite-long immunity. One 
virus infection. This is somethln ty on a mlld exposure to a natural polio· 
country It ll'l unusual to llntl antlb~d:~it~ave to . continue to study. In this 
South America it is not unusual to find ers as btgh as 1,000 to 2,000 ; but in 
of 8,000 to 10,000, because they are coust I vregn~t women mth titers In excess 

Live polio vaccJ.ne will be chenp en a ltif belllg battered by I'Cinfecting do::;es. 
yea1\ however. if it turns out that 't' ~ug d so that ron can nll'o1·<1 it once n 
because the United States Is not the l s n~>e e<l th~t often. ~'lli s is imJIOrtant 
vaccine, all(! in other couutri£>s low ~nlf c~untry 1D the world that needs polio 
~e('<](~<l part iculnrly in the Tropics wh~~e ~~~or~- intportnut. Pnlio vacciu'e is 
1t hns beeu said for :rears tl..tut t.be Tro i ew. 18 pleut-': ~r polio ev.eu though 
One of the most 8c,·ere epillemics of P cs 111': n_ot at! er ted b.l' lhts dl.<:ensc. 
in Costa Rica in 10;:». The hnd t:y~e I polio 111 !lle<llcai histo1·.v ()(·t·mTed 
approximnlcly 1 million. Y ovet 1,000 cnses m n total vopnlatlou of 

We begnn out basic clinical iuYcs ti.,. tl .. 
Unh·er.<:it.v. (If l\IinnC'sota IWd Stale h~al~ns m M.hmcsota pn~t~cularl.v bec:-ause 
~I<l tl.lat lallcll vacciue was not tlle an, ~ . dep~tlmeut P.hY!':H' tnn" felt n" we 
m out· fomth year. We gn,•e them all s:';:c~j 'r' e began 111 1!);:;7 uncl arc now 
back nothing. We let them know tl!C' unan) . Je, net:; t~f ou t· product. We held 

We learned f rom our initial st di • S\v~red ()~c:::twns. 
quantities u::; high ns a ndllion ~· . es on 2.J bub1es that hnbies shed virus in 
these babieR sheil Vltus as !on•· ;rus pntticles Pet· gralll of ~;too l. Smuc of 
the family picks up this 'poli ~i s ti3 months. l'racticnllv every memlH~1• of 
or not. TUe important thin ~sl thee on whether they've b~n S:tlk·vneciunted 
the bnbies fed, in the family c~ntnctsat t?~re hwere no si~s of illness, neither in 

Iu 1" ';8 ··ve di'd n 1 · • IIOI lll t e cowrumllty "' • nr·ger scale do bl bl' · · o! Como Vlllnge in Minneapolis wl~tbe- l:J~ s~ucl.v. ill the university co=nnity 
Clan knew the code. Neither the clo CO< e 'ucem~. On!,,, the ~tate statisti­
labo.rntories who ra·n the bloods a l ~to~, n~r the Pllh~~t, nor tho"~ at tlle State 
receLved t he vaccine and who the ; < s ools ~f these u"O JICOille knew who hnd 
that we had about a 90 perceu'tp a~·~t;'d '' hen the rode wns brokt>u, we fmmd 
nnd nbout a 14 percent incrense in a ~by /es~onse in vuccinated individuals 

n I O<•les m the plnrt>bo group. We rlis · 
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covered that the infection caused by modified viruses is essentially a household 

disease just as polio ls n?rma~J.y. t 1 in Colombia in 1958, and tbe tan end 
We went into two eptdeJ.nJ.CS, a ype II) in Managua tbe capitol of 

of type II (surprisingly euou~h i~dwar ~caused by an ex~eptionally viru­
Nicaragua., in 1958. The tl:Pe epl em c onkevs Fifteen verified cases had 
lent strain-two virus particles p~ralyedzed m 7 o·oo· children with monovalent 

ted we vaccmat over , t d already been repor · . III Within 8 days no more cases were repor e • 
type 1 followed by types II and · th n But we cannot make the 
and not a single case has been r_eported since h:v~ no way of knowing wbat 
claim that we broke the epidemic because we 
the future of that. outbrc;ak wo~~a~e fe:en·n epidemic 254 paralytic cases had 

In Nicar agua m a htgbly v en Y . dren under age 10 217 were under 
been repor ted. Of. the 251 cases ~:d ~cclnated over 42,00o children under 
age 2. We went mto M~ara·th t ype II and then later fed tYlle I and nl. 
age 10 during a ~ day per 0 WI t d in !Managua every month since 1949, 
Even though polio bad been repor e . the 1953 type 1 epidemic, they bad 
with the exception of 3 .months folloW1n~ase reported. Polio bas <:ome back 
a 101h month period wttbothut a ~llni~; districts but it has spared Managua. 
to Nicaragua this year in e ou.. Y districts ~d fed 35 000 doses of trivalent 
This yea r we moved into the o~;~t a single ca....<oe of poll~ reported. . 
,·acclne. Within 6 days there b n hittlng the tall end of an epidemic, but tt 

Here again we may have ee.ddle We can't conclusively say one way or 
seemed to break r ight in the mt . the epidemic but we do know that a 
the other that we did or d~d no~ stop . to show tb'e presenc.-e of virus in the 
person who is fed this vaccme ~ll ~?~ feeding indicating that the cells in 
stools on the. third or fourt~I a~eds ~or a maximum period of two weeks; 
the gut are mfected. Type d sty Ill stays within the norm of 6 weeks. 
type 1 for about a month ; an pe b t the 9th or lOth day, and 
We find circulating antibodies iin t~ ~1~ ~:v:. oBy the end of 1 year they 
they reach a maximUDl peak n a u • 
start to decline gr~dually. d 11 kinds of conditions. We fed it in Finland, 

we have fed this vaccine un era are immunizing West Berlin. We 
and in West Germany wher; p~es~nt\ieJ"this morning and they have a lready 
started the latter on May 1: tee ~~t by the middle of June they will ha_ve 
fed 271,000 children and esttma We've worked in F rance, Spam, 
fed about 450,000 under 11 yel;\rs ofn a:e~ather good scale in Montevideo, in 
Italy, Israel, slightlY in Arg~nt~naR.fa Haiti heavily in Cuba, in California, 
Peru, Colombia, Nicaragua, os .a c d F lorlda and in Canada, J apan, and 
Minnesota, New York, New J ersey, an ' 
Taiwan. ked ith the approval of the local health 

In Latin .America we have wor ;ureau This yenr the entire country 
omcer and the Pan-Amer~a~Janl:a{J' be vac~ated because of the severe epi­
of Costa Rica has been s g _ ou 8 weeks ago 1 beard from the Costa 
demic they experie~edlt~n t1s:tth~Ybo::ve succeeded in feeding trivalent va~­
Rican Minister of ea f ti ated 460 000 under the age of 11. There a 
cine to 281,000. children o th a~ es m because by the time Costa Rican children 
no point in gomg above a age, all had experience with the three types of 
are 10 or 11 years old, they. have te of about 93 percent to types I and III, 
polio He reports a converswn ra 
which independently con!lrms o~r cr~~~~o~~~~~~~d out a study with Dr. Juan 

Other findings are of mteres n . virus vaccine to children with acute 
IDrobil, Jr., who fed trivalent ure poho ps infiuenzn, and even typ·hold fevet· 
infectious diseases ~nc~ as, meas es, m~of 'the vaccine. We founcl none. 
to detennille contramdlcations to the ud_e st-vaccinntion) that we tested from 

Out of 360 pairs or blood (prrc,u~~ 7rchildren who lacked nntlbodies to one 
Cuban children of school oge, weh d 91 utibody gaps in their type I, 11, and III 
type or another. Actually they! ::U· ,. ~ t rivalent vaccine filled in 80 of the 91 
antibody structure~. A. sing1e S: >e11~~t and c.-onvcrte<l r.;; of the 76 children to 
gaps for a converstOn rate o 1 . '·ate of 86 percent. 
a triple positive status for a com•erslon ~ested 1.)8 pairccl bloods, 67 individuals 

In westelln Massnclm~etts where ~e lugle ft'ed in" oC trivalent va('cinc filled in 
~tarte<l out wi_!h ll!l antibody g;t~si ~ t.c of !)0.4 percent, and ::>G out of the 67 
104 of the ll:J gaps for nt comte·~ ~loni1~~it\ve stnge for a conversion rate of 84 
pt>l·sons were couverted o a Ill e · -
verel'nt. 1i . >car Dade Countv including Minsul began 

A.;~ you may know, in Frbr~ary tl s . • ,"tb our triv;tlent vtu-cine. Tlle data 
n <'<'tmtywhle mnsR vacclnntwn progtam " 1 

1 
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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 tbe vaccine. 'l'o give us au idea of the 
results, they sent us 300 coded paix·s of blood. We ret.-eivl!d them in lots of 20, 
and all we knew was that each lot included 10 matching pairs. 

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

In the polio virgins 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 gups for 
type II, which accounts for 3 percent of paralytic polio, for a conversion rate of 
76 percent. And we filled 1n 23 of the 25 gaps for type III, which accounts for 
about 12 percent of paralytic polio, for a conversion rate of 92 percent. ~'hese 
gaps in the antibody structure of 25 triple negative, polio vi rgins were filled in 
by a s ingle 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 Ill, 80 of 85 gaps, 94 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. 

I've talked long enough. The only other thing I can say Is that the live polio­
virus vaccine is coming. It tak~a time. The one thing 1 am sure of in this 
life is that the truth always wins out. 

Dr. RATNER. Dr. Oox's vat.ocination figures deserve comparison with the 1954 
field trials of the Salk vaccine. The Co:x live poliovirus vaccine bas 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 nuder study hn,ve 
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 premature 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. KLEINMAN. I 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 monlceya and waving their shrouds ln your faces. In the final analysis 
the important issue is, Wb.a t 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 I feel work such as thi s 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 wuy we nre accustomed to describe and 
and to understand. Secondly, the Minnesota studies were the first to put these 
modified poliovirus strains into n community whose natu1·e approximated our 
normal way of living. Prior to tl1is, these strains were usccl In isolnted individ­
uals and in institutional environments. Tbirdly, the Minnesota studies prove 
what bas previous~y been denied: that it is IIOSSible to do a controlled study with 
the ornllive poliovirus vaccine. Fiunlly, the Minnesota studies demonstra te that 
it is possible to secure definitive re:mlts in a populntion wblch hns hnd cou:;ider­
able experience with the Snll;: vaccine. 

The importance of the liinnesota studies does not lie in their number, but 
rather in their design. I wont to emphasize tbe word study. IDven thou~th we 
have involved 100,000 people in 1000, we still 1lrn1ly believe we m·e sllldyiug 
the oral polio vaccine straws. Although the mlDlbers are lnrgc, we are not 
carrying out a mass inununization proj:,'T:Un. 

Important characteristics of our design ore: (1) Our fituclies nrt> placebo con­
trolled. ·This includes the l.OO,OOO people we nrc ::;tudylllg in l.s:!CiO. (2) Our 
subjects receive complete public llealth uur;;:ing ancl medical ~;nrveillnnce. We 
do not feed and forget. ·We feetl and follow through. (3) Our si"Udie;;: nre 
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double-<blind. Only one person, ·the statistician, knows who is getting the vac­
cine and who i!; getting the placebo. On the basis of our experience 1 can assure 
you that in your own community you can make a scientific and controlled 
study. 

Now, briefly, what bnve we found in Minnesota? 
We have found thnt these strains are good antigens. They will produce a 

conversion from titers or less than four to an appreciably higher titer in 90 
percent of cases. f.I.'ype II is the poorest. lrype I and III are both excellent. 

'We have found, within the limits of our numbers, that theF<e vaccines are 
perfectly safe to use. .Because our studies have been controlled, we ean un­
equlvocably state that there have been no reactions. \Before I Iefl l\Jjnnesota 
for Itu:;sja, more than iiO,OOO person!< ha<l been !ed the ;accine in MinneapoHs 
and 8t. Paul, and we had checked out all reports of illnesses that occnned shortly 
after feeding. 1 did tllis personally. In l\IInneapolis, where mol'C than 30,000 
were feel, 1 bad to mal;:e ouly 1u housecnll;;. !What I saw wa~ ruu of the mill. 
There was no ceutrul Hel'\'ous system illseal'tc, just prodromes of measles, fol ­
liculat' tonsillitis, atopic tlermalllis, aud vther conditions you normally fincl in a 
community. 

:'Ve haYe found there is no g•·eat commtmit;v spread of these \'lrul<eS. Concern 
for spread ba>" been a bu;:bear to many il•tliYiduals. ,,Vhilc thP~>e >int;:es will 
t<prend fairly rapidly and thoroughly witbiu any one family, they will spread 
froUJ household to housellold within the neighborhood only to the e.'l:teut of 
5 Lv 14 perct-nt, depending upon the tn~e. ·so you don't haYO to worry about 
creating an epidemic sccoudarily through the SJJl'ead of Ylruses you originally 
fed. 

·We have found, by taking time out to study their natural behavior, tbat these 
motltliecl vit·uses do cve1·ytbing- that wild viruses do except produce the diseuse. 
In a certaiJ1 percentul!e of vaecinees the v1rus can be recovered f rom the stool, 
of course. ,The fed ~;trains can also be recovered from the pharynx, even throug-h 
the persou bas circulating polio antlbodle!< in the blood to begin with. •And the 
virus can be recovered in the blood, which indieates a viremia following the 
feeding of these vaccines. Those persons with virus in the pbaryn.""t and in the 
blood ha>e no ·subjective symptoms, however, and the examlner can see nothing 
objectively. 

>How long does the immunity last? We don't know. In tho.se that we have 
studied we know tbnt after a year, even though there is a general drop in titer 
from the originally induced titer, the antibodies persisted in GO to 80 percent 
of the adults, and ill 6a to 7G percent of the children tested. This is in indi­
viduals in whom we a•·e certain that it was we who produced the original anti­
body change. rWe are not incluiling those who started with elthet· natural 
antibodies or Salk-prodm:ed antibo<lies. Other data show that the presence of 
the lalter haYe no additional e:fft>Ct. 

·~ly experience in Latin America is this: Nobody can say that an epidemic was 
stoppec.l. There wet·c no contt"Oiled studies there. But ovet· a milUon people 
have been completely vaccinated without any incident at all and, iu tlle countries 
Of Latin Amerien who1·e tcmperauJCnts :no mercurial, emotions excitnb.le, aml 
llenltll departments political, I'm sure that if un incident had occuned it wouln 
bnvc ctmw to our notice anrl to e\·erybocly else's notice. The COHYersion rates 
in ColomiJia and otllec J>lnt:es arc remarkably close to the conversion rates we 
nchien~cl in l\!inne:<otu. I 've gone over tllc Costa Rica dllta carefully. !I am 
satisfied that they bn,·e done a good job of sorveill:rncc, b\.'Canse the central 
nel"\'ous system discaFc that they have- cat!'got·ized al the end of a ~·ear's obf:ernl­
tion is remurknhly tbc Fame in content to what we bun• fotmcl in Minnesota. 

Thet·e are a Jot !Jf huporlant tbin~s we don't know about this vncdue. .Al­
thcJugh we lmow that it's a good antluo(l~· pl'OclUCt'l', we cuu' t actually say i t will 
v•·ot(•ct agnin~>t polio until we can mea::;ure it against a direct challenge by the 
disease. This bus uol yet l>eeu clone. •Reasoning by analogy, however, we can 
assume, l>ecnuse of the nntrbocly l'espons<'s, that it should protect ngainst the 
direct challenge by polio itself. 

1 am not sure tJu1t we yet know the optimum dosage schednle. a:t may be 
that one feeding is not sufficient, just as one wild poHo infection may not com­
pletely immunize a child. •I don't think we are quite snre how long the immunity 
Is going to last. As Dr. Cox stated, it is not going to be lifelong, but what it's 
going to be in terms of years I don't tbiuk anybody con tell. These are things 
for tbe future to disclose. 
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In the meantime, let me assure you from m di ect · · 

and from I!lY ;!carious but close contact in lader Coue~'?;r1~I~ce indMftnnesota 
experience 111 South and Central A.meri a b • ·• an rom my 
the laboratory stand ))Oint the are tin' t. at these I! trains are safe .. From 
vaccine is worthy of the consiJeratio::Oof ~eoanltige~s. ,Tlle Co;-: live pohovirus 
medicine and public health .r 1 . P e w o are workJug ln preventive 
attention to their use Ju this c 0 hope tha·~ more Pt;<>Ple will pay more and more 
country tha·t '11 lti t l . count.ry, be(,unse it IS the dnlu g-athet'Pcl in tll is 

w1 u ma e y count m grnnt1n th 11 • 
ve•·sal use of his particular preparation. - g e cense nutl ill gaining nni-

IDr. RATNER. We have attempted in thl 1 d' · 
a sober, candid e.Yposltiou of the facts . s pane IScus.swn to pre$ent you with 

~~~~u~u::!~!!8surf~~ding decisio~~ a~~:~~~~; i~~~e ~~~ ~~ ~f~. ~~~t~r~~ 
freedom from extra-scien~:g~n~~~~~z:n thut 

1
the panelists ba ve shown unusual 

tDn.ring the 1960 110 , . . s nn< vressures. 
of the ·decision inv~ed :s;::.on, ep~demJcs mny 0<'<'Ur: 'l'o dramatize the urgency 

~:~h~~cl~~~;!~f:~~~;~f~ag11/~~Jn~~C:~~ej
1~%,~~fi~s~~fd~~~~Rn~,;~f.~i~:c~u~~U:t 

Salk vaccine is needed for th' . ·th n ° ecttve and fearless evaluation of the 
clsion as to when the 'uve vi~slsvac~i::c::~~~ ~g~ientdof nn ~telllge~t de­
Salk vaccine is simultaneously safe a e . cense · Obnously, If the 
Service can take its t ime about lice~~i~~~~ e~echv~, the U.S. P ublic Health 
other band ))Olio and polio e · d . · e ve VIrus mccine. If, on the 

~!~~~~~~~;~~~ :~~~!~~~~::~f~ f!:~~~~t~~i~~~ ~rs's~1~ ;~~~t;:~!l':Jo~~r:;:~ 

[Reprinted from the Journal of the American Medlen! Assoclntloo, Feb. 2l:i, 19611 

POLIOMYELITIS l~OUJNIZATION 

To THE EDITOR : If we assume that a 1 boos · · · 
va<.-clne is needed because of th 1 ck yfear Y ter IDJectlon of poliomyelitis 
cine ar . e a 0 J>Otency in the present lnjtoctable vac-
in;Jectto~ w~enf; ~~o::l::~: ~~ p7n~e ~say that the patient who hncl the last 
tectton by onl boos e o~ - to 4 years ago can get the same pro­
year ago? Fu~t~!:rnore ~ri:u;:ctl: ~~the ~ne who bad the last injection 1 
solved this problem. • ue a Y next yenr the oral vaccine will have 

lA. M.D., Wi8oon8in. 
injC:~::sa :0j'h~iu~:~~nv~~; refo~i;:s. that recommend~tions of additional 
April 19, 1955 onl 7 d re a Its low and vanable potency. On 
mln1mal r ub;. Y ays af~ th_e Francis report and the promttiJ-'lltion of 
Service to:!d if:!::!~ ~~censmg ot the vaccine, the U.S. Pul>lic Health 
lem worsened late in 1955 wh uce potency stan<l~rds by two-third><. The prob­
aclditional filtration durin m:n, t;<> insure safety, tt. was ~ece~sary to introduce 
10- to SO-fold~~ . tl g ( c_ti>~tion. This additional filtratiQn resultell in a 
~eUy and Dalldo; (1m~;~ /W;;t~ru:~4lz118 ~~!J)3,190~.~!nd610l01l: 1()(}-168). 
t10n in the potency of th s lk · ·. ~ • u repot .._ ... a -fold varia· 
potencv u war l e a vaccme on the open murket from negligible 
Div1ston 0~ Bl~l'ogi;::Ie ~~~~~!s ~!\~~~~~4 when,:l.n on ~~~ay 17, 19~7, the 
meet minimum pot 1 o vacc e w 11ch bad failed to 
then obtained a ~~fY requ rements to be retested, so that if the manufacturer 
It is now generah; r~~~cfh tet, earllefr negative test~ could be c.iiFregar<led. 
States has been worthless. a much o the Salk vaccme used in the United 

m~~Yfof!j:C~io~:,~;h~~,;h~f~;~~ ~~1~u~;~~h~~e R~Y~i~~rn:ng~~~~u~~\~s 1not ~ow 
~~n~~~~:r=d::~:ua;o~n~s of viral antigen. rWith the Salk v~c<.'ine tbi~e~f~~~ 
process. Therefore for the ~::si u_nstan~nrdlzed product of nn unstandnrdlzed 
choice rests with efther th • clan ~ 0 prefe.rs to know what he is giving, the 
concentrated to kn e recently hce~sed ktlled poUo\'lrus vaccine which is 
which bas substi~utJ~~ ~d ~ptimal welght of inactivated virus antigen, and 
with the standardized a~te!~a~!asf.aln fo{

1 
the danger~ms Mahoney strain, or 

sprl.ng. 11n eitber i lVe po ovlrus vaccme promised for next 
svectlve of the numJ>!~~!nrej· atcoi mplete course ot vaccination is indicated, irre-

u ec ons of the Salk vaccine given. 
IiERBEnT RATNER, M.D. 
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[From the Chicago Sunday Tribune magazine, Mnr. 15, 19611 

TRF: T BU'TU ABOUT THE POLlO V ACOINES 

Sh ld w Keep UF!iDg Salk Inoculations? 
Do Salk Shots Really PreYent Polio 1 ~u e? H Are the Facts 

How Good Are the New Oral V acclnes. ere 

(By Joan Beck) 
s lk 11 vaccine's success and even rosier 

Behind glowing reports l~f the I aSab~ v~ccine rages a storm of medical con· 
predictions about the new, lVe, ora 
troversy that seldom reaches the ears of Fari~s.at the Salk vaccine. These are 

Many serious criltilcisml s ~ar:a_~:~~~di~~~tly-in announcements praising and 
now being !t<:know e< gee - . 
promoting tbe new oral va~Cllles. d accord among developers of tbe live, oral 

Yet an is not yet swee ness an nt t es haYe been ueveloped and-
vaccines, either. At Iea~t . thre? deldff~~~e ·an:V: effective in tests, chiefly in for­
accordin~t to their prouU<:ers-prov 
eign counu·les, but also in the l!nite~ Stars· d by Dr Albert Sabin with National 

One of these new oral vnccilles,b ~veoo*~d by th~ u.s. Pl.tblic Health Service 
Foundation research funds, hns ccn . · t be solved in its pro· 
for manufacture. B?t there ~re P~~~lem~ 1·:~:e~::ghe~ded by Dr. Roderick 
ductiou and, acl',or~mg ti'n ~;~= ofceH~alth dangers to be considered in its 
Murray, of the National s 1 ~ ·ven to a reported 77 mUllon 
use by the general publi~~o~gh i~ ~ Rus~nn Prof. Mikhail Ohumakov, 
Russians ancl to at least • ff1~cul~tions with the Sabin vaccine, says 
who direc~ a 2-Ye.ar progra!D 0 n n eliminated in the Soviet Union). 
he is con~ced polio epidemu~fs~v;_~ Quantities of the vaccine are not 
Licensing 1s not expected un .... · til N ember 
expected to be available fo~ ~o~unit~ide t;~-se~ls va~lnes ~ill be needed 

"Both 'live' . ( Sabi!l ~ ~nd killed (Salk) ~~0 ublic health officials declared 
to combat pollo?tyelitis ill .the, near f~=~l ~f ·Je American Medical Associa­
at the A.MA ~lin~cal :tf~ ~~T~e new orl\1 pollo~elitis vaccine developed 
tion reported m c::ce r · , d f f t r use in this countrY wlll not be 
by Dr. Albert Snbm and appro'e b or ·e~i~t~ now the Public Health Service 
the complete solution as far as can e pr • 
experts said." t II ti eness of the Salk vaccine and the new oral 

Evaluating the :ru.e e 1~ f~r ~veral reasons. Polio is a relatively rare 
V!l'ccinesi h~: ~fte:r~f:tes. Because so few persons get it in its paralyzing 
d1sease n ° . t i hard to determine 
form, suc<'es~ ?f an imm~ztfg a::: c:nnged in the last· 6 or 7 years. Several 

The <lefinit1on of po 10 a ~ lio are now classified as aseptic 
diseases which were often =gnbc;~n!s of the Coxsackie or Eeho viruses. 
meningitis or illn~ses ca~ 1001 cannot accuratel~ be compared with those 
The munber of poho cases ill ' . h • hanged 
. 19~? because the criteria for diagnosiS ave c . Si the 
ill, saY o-,S lk . itself is not a constant, stJlndard product. nee 

Even the .a vacci~J ' in haft been changed several tlmes. The 
first field tnals of 1.):>4 •. tb~ =~cfndeasln~ the vaccine's safety by changing 
first alternation~ were :une li i s nnd bv adding an extra filtration step. 
the method of kllling t e po ~ v ru" th vaccine's effectiveness. The success 
Newer changes a re intended to.lmcreaa i.:s ~epending upon which Salk vaccine 
of the Salk vuccine necessan Y v r · , 
is being considered. . d b t the Salk vaccine in the 

Ever since the publi.c ~as 1~;~t ~n;o~~on~lo~oundatlon has praised i ts 
Francis report of April • .,. · themselve" and their children vacci· 
effectiveness and urged par.ents to ha~ d keptic~l about the original theories 
nated. Although some phySicians rema e s 1 ation and about its 
behinll the vaccine, about the techniqu~~:ss~~~~~t'!.e~:~~ the 'general public. 
success in combating polio, l:~se 0~.je~ 19:)8 and 19;;9 tbe crlticisxns increased. 
With the resurgt.>nce of. rnrn c po 10 - ,. in a' nel discussion on the 

"P;:s~S:t ~~:~sw:fr~~~~~~~~c~~es?,Y P:;s~;~~~~rorethth~Ailt~~s~~rsepMt!~:! 
Ohl · May 1960 and published in e ug...,.. 

Society in cago, ill • · ' 1 T make parents aware of the con-
issues of the Illinois Meclicali Jo~~: the ~roblems involved in developing an 
troversy about tb~ Sallcalvnascct InlO~Io here is a re!)ort of that discussion : . 
effective oral vacclDe ag , 
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Moderator of the panel was Herbert Ratnct·, M.D., director of public benith 
in Oak Park, and associate clinical professor of preventive medicine and public 
health, Stritch School of Medicine, Chicago. 

Dr. Ratne1· noted the upward trend in polio, particularly in the paralytic 
form in the Unitecl States during 11)58-59. Ill~ quoted Dr . .Alexander Lang­
muir', in charge of polio surveillance tor the U.S. Public Health Service, as 
saying this resurgence is "cause for immediate collcern." 

"In the fall of 19GO, Dr. Langmuir bad l>l'l~dicted that by 19!:i7 there would 
be leF<s than 100 ca:;es of paralytic polio in the United States," commented 
Dr. Rutner. "Four years and 300 million doses of Salk vaccine later, we had 
in 19-:>9 apt>roximately 6,000 <'llSes of paraltic polio, 1,000 of which were persons 
who had received three nnd more shots of Sulk vacdue. Salk vaccine hasn' t 
lived ut> to expectation~>." 

Dr. Sabin says the numbt>r of cases in 1960 was less than in 19-;';9, but that 
23 percent a re now occurring in persons wh<J have bad tllree or more <loses 
of Salk vaccine. 

Dr. Ratner next reviewed some bnRic facts nhout polio. Paralytic polio 
occurs in cycles and was in a unturnl llecliue wheu the Salk vnccine was 
introduced in 195:j, he pointed out. 

Prior to th<> introduction oC the Salk vaccine, the National Foundation 
defilled an epidemic as 20 or more cases of polio per year, pet 100,000 I)Oim­
latlon. Now, nn epidem.ic is define<l ns 35 case.s per year t>E"r 100,000. This 
chnnge hns resulted In a stati::;tical-but not necessarily n real-urop in polio 
epidemics. 

For e>ery case of known vurulytic liCtlio, there are ubout n thousand "snb· 
clinil'nl t>ulio Infections," so mild they pass unnoticed. Dr. Rntnf! r expluiued. 
These mllll cases accotmt for the high degree of natural immunity in adults 
You can have a polio Infection in lhe intestiues without hnviug pnrulytic polio 
or nonparalytlc polio with enou~h symptoms to be diagnosed. 

'fhe theory of thE' Snlk vaccine, mucic with l<l l.lcd polio virus, is that it will 
pro<luce enough antibodies circulat ing in the blood to neutralize polio-virus 
before it can reach t11e central nervous system. But "one of the major 
disappointments of the killed vaccine" is that these circulating autibodies do 
not protect an incll vidual agains t getting a polio infection in the intestines, 
nor Us brenltthrough Into the circulatory system, said Dr. Ratner. Protection 
against parulysic polio depends upon the presence of enough cirrulating anti­
bodies to offset the virus, he explained. 

Discussing the "very misleading way" in which the Salk vaccine data has 
been blllndled, wa.<J Bernard G. Greenberg, Ph. D., head of the Department of 
Biostatistics of the University of North Carolina, School of Public Healtll, and 
former chairman of the Committee on E'\"aluation and Standard& of the Ameri­
can Public Health Association. 

"There has been a rise during the lnRt 2 yea1·s in the incidence rates of Partl· 
lytic poliomyelitis in the United S tates." streflsed Dr. Greenberg. "The rate 
in 1958 was about GO percent higher than that for 19ri7, and in 1959 about 
80 l)ercent higher than that in 1958. If 19:19 Is compared with the low year 
of 1007, the lncrease is about 170 percent. 

"As a result of this t rend In paralytic polio111yelitis, various officials In the 
P ublic H ealth Service, official health agencies, and one large voluntary health 
organization have been utilitlzing the press, radio, anc\ televiF<ion and other 
media to sound an alarm IJ(•ll in an heroic effo1·t to pN':;uacle more Americans 
to take advantage of the vaccination procedures available to thew;• said 
Dr. Greenberg. 

"Although such a program might be desirable tmtil live virus vaccines are 
available to us on more than an experimental basis, the misinformation and 
ami unjustified conclus ions about t lle cnuse of this rl!<e in inl'ideuee ;:ivt> 
concern to those lntereRted in a sound prog1·am based on logic and fad ra1'11er 
than persontll opinion and prejudice. 

"One of the most obvious pieces of misinformation being delivered to the 
American public is that the GO-percent rise in paralytic poliomyelitis iu l.9G8 
and the real accelernted increase in 1059 have been cauS(>(l by per:;:ons failing 
to be '·accinate<l. This represents a certain nmonnt of donbletalk and an lwwill­
ln..."lless to face facts and to evnlunte the true etrecti>enes>< of the Snit. ntccine." 
said Dr. Greenber~. 

The number of !>ersons over 2 years of age tn 1960 who have not been vocci­
natecl cannot be more and must be considerably less than the nwnber who ha<l no 
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Yaccinatlou in 1957, Dr. Grrenberg pointed out. Then how ca? it be claimed 
that it is the l!lrge number or unmccinated persons who are c~us~n.g the i1_1crea~ 
in poUn, \Vh~.>n there w~.>r~.> a Jar~er numl>E'.r ?f u~waccinated ~din~unls w 19o7 
when the v1wcine was given c1·edlt for reduc1ng tal.ee of t~e disease· , 

"A F;Cientltlc examination of the data nnd the mnnn~.>r m which the data ~as 
manip\1htl;(•d will reveal that the true effectlvene::::; of the present Sulk ''llCCIDe 
is unknown and ~reatly overrated," Dr. Greenberg stressed. . 

Why was there su<:h n tremendous rE\dnctton In reported rates of par:nJ;rtic 
polio in 1t>W....fi7? Much of this highly IJUblici11ed decrease was n stut1~t1cal 
illusion, said Dr. Greenberg. . 1. litis 

Prior to 1954, any physician who reported a en~ of paralytic po 1omye. 
was doing his patient u favor be<:anse funds were nvniJnble to ~elp pay his mediCI_ll 
t':q>ense:::. At that tillle. mnst health departments Ui'E'<l .n <lel:initlon of ~>nralytic 
1 ollomyetlR which spe·cified ''Jlllrtial or complete pnnllyf<l::< of one or mole mm~cle 
~roups d~tected on two t>xamlnntions at lenst 2-l hours apnrt.''. Luborator:r 
conflr~at1on und the pre11euce of residual parnly:;it< wl're no~ re<lmt·cd. 

In 11l!3ri. these criteria were c·hnngt'd. Now. unit';;::: ther.e IS paralys l:-; la stl t~g 
at lenst G() days after the onset of the disease, it ll'l not chngnosell u:; pnrnlyt1c 

lJOlio. tl · · ti Durin~t this period, too, "Coxsackie virus lnfectl~~s and. asep c menmgx s 
have been distinguished from pnral;rtic poliomyelitis, explamed Dr. Greenberg. 
·'Prior to 19G4 large ntunbers of tht'Se cases undoubtedly were mlslnbeled as 
paralytic polio." · ·1 d' 
· Thus. because the definition of the disease wns_changed and two suru ar 1seases 

virtunllv ruled out, the number of cases of polto reported was sure to clecrease 
in t.he i955-G7 period, vaccine or not. Then, too, physicians. art> t•eluctunt today 
to dingnoae paralytic poliomyelitis in a va~~cinnted c·hlld w1thout thorough lab­
oratory tests, thus ellwiuatlng most of the false positive cueE~ comtnonly 
reported in the pre-19f>4 period. 

"As a result of these change,; in both dia~rnosl!< and cliagnos~lc. methods, t~e 
rates of paralytic poliomyelitis plnmm~nted tro_m the ~arly 19:j()s ton low m 
1957," said Dr. Greenberg. The re<:ent mcrease m the d~ease, ~esplte Improved 
diagnostic methocls, be believes, is due to a long-term, mcreasmg t t·end in the 
tK.'c·urrence of polio. h 

·'Wit.hont doubt, the inrreusln~ trend has bePn reduced to some e:xten~ by t e 
Salk vucdne" eX])laine<l Dr. Greenberg. "Nevertheless, the ~alk. vnccme bas 
limited t>t'fectlveness in It:-; nblllty further to rl"dnce this trend. Any future 
substantial reduction in this trend will requlrl:' a more IJOtent vaccine, not 
~iml)ly vn<.-cinating more JWOple. . . . 
· .. Today It may oo a serious mistake to be .ultraeon;:ervnt~ve m ac~~lting the 
various new live vac<.'ines un<lf'r the impress10n that ~here ts no hu1 l'l beca~1se 
an almost equivalent immunlzer exists in the Salk vnc•cme. A delay in_ uccep?Dg 
and promoting better mccine~ will be a costly one. Th':re must be tmmed1nte 
pre><.<>ure npplie-c:l to determine whether or not tbe new vaccmes are more elfecU:ve, 
~0 fuat we clo not cling, for sentinlental or pe1·sonnl reason;;, to an older 1·nccme 
whOl:!e true effectiveness is today unknown." . 

The most accurate way we hnve of determining the effectiveness of va-:c~ne 
(ex<.-ept by {lirect exposure to the dlf<ease) is w meaflnre the !('Vel~ of nentrnh_zmg 
antlbO<lie8 in tilt> blood, explained Herald R. Cox, Se. D., ~uector of v~rus 
research at Lederle Laboratorle8 and president.·eled of the S0<:1en: of Amerwan 
Bacteriologists. We do not know, be said, the rxnc-t level of nnttbOOiel< n~-
"ary to protect against paralytic JJOiio. . 

Herman Klehilnnn, 1\l.D., an epidemiologist from th_e 1\hnne;::otn DepartD?ent 
of Health. pointe<! out that In antibody studies on ebtldren who hnve rece1ve;I 
three or more doses of Sulk vacdne, he has fmmd more th~m half do not h!lve 
antibodies to two of the three typ~.>s of polio stt·uins used m the Salle vac;'('me. 
Twenty percent lack antibodies to a third t~'J>e. . . 

"This is a very disturbing fact," said Dr. Kleinman. "If polio ant!bod1es 
mean anything in respect to vrote<.-tlion, then I am forcl'd to conc~ude that much 
of thE' Snlk vaccine we have been using is uselel<s." , . 

Dr. Kleinman also rommented on the "changin~ concept to polio and sru~ 
physicians were reluctant to diagnose the disease without overwhelming en­
deuce. He called the insistence on a 60-duy duration of paralysis in defining 
paralytic polio "silly." 

Dr Cox who bas worked in the virus field since 1929 and was tbe first person 
to prove tbat a killed vaccine could be made, commented on some of the problems 
of producing a potent, killed-virus vaccine. 

INTENSIVE IMMUNIZATION PROGRAMS 113 
"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 pollovlru.~." said Dr. Cox. "But type II represents only 
about 3 }>ercent of paralytic cases throughout the world. The killed vaccine 
does a I>OOl' job against tY,I>e I, however, which causes 8ti percent of l)llrnlytic 
cases, and against type III, which causes about 12 percent. 

"In other words, the killed vaccine is cloing its best job against the least 
important type. It took time to find this out. It \vas proven iu Israel in 1958 
when it had its big t:n>e I eplc.lemic. They did not :see any ditrerence in protec~ 
tiou between the vaccinated and the unvaccinated. Last year in Massachusetts 
during a type III outbreak, there were more paralytic cases in the triple vac­
cinates thnn in the unvaccinated.'' 

There have been problems, too, in the production of the killed Salk vaccine. 
An ext ra tlltratlon stet> wu:; mlded in November 19::-iu, Dr. Cox said, "because 
the amount of formalin used did not inactivate the poliovirus. We found 
residual live vlrns for as long us 42 com:ecutivc days of Inactivation." 

Dr. Cox went on to asset·t that the S('COnd flltl'Htiou step was ''picked out 
of thin oh· with no experimentation to back it up," and that the ext1·a filtration 
cut uowu on the effectivrncs~ of the vaccine. 

Mass vaccination wlth thA Salk product started in April lOGr; nnd by April 
26 there were reports of I'tualytic polio nmong vaccinated children, with deaths 
occwTiug in Idaho aucl California. Then came cases ot polio among family 
n~ember~ of 'l'nccinated c_hildren. Live vinu; wus discovered in tlte supposedly 
lulled Yacclne, although 1t had been produced by the Salk procedure. 

Dr. Rutnet· cited numerons im:tances in which live viruses were found in 
vacciu"' which wos presumably sufe, even in Dr. Salk's own standard vaccinE'S. 
"It should be stressed that. safety testing was inadequate when Dr. Salk de­
Yelope<l t.be vaccine and when the vaccine was <:orumercially prepared for the 
field trials of 1954 and for licensing and use In 19.iri," said Dr. Ratner. He 
added that in current '·ncclne, potency has been sacrificed for safety and tha.t 
"at present, epidemiologic wethod<> employed hy the U.S. Public llt>alth Service 
to assure safety of the vaccine are inadequate." 

Should the Salk vaC'ctne 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 l)r. Klein­
man. "'\.Yhile I am an agnostic about the effectiveness of tbe 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 net not onlv 
as public health physicians but as scientists we mnst 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." 

Other panel members agreed, pointing ou t that because all of the facts about 
the S_nlk vaccine have_ not been made public, physlcla.ns and public health officials 
find 1t dlftlcult to res1st the great pressures of public opinion built up t11rough 
an unprecedented publicity campai~n urging the public to be vaccinated. 

"Since nothing else is available, there seem::~ to be no alternath'e but to push 
~he use of it," commented Dr. Greenberg. "I don't thluk we should do so ln 
Ignorance, nor too complacent.Jy, believing that as long as we have Romethlng 
partially effective, there is no need to have something better. By being more 
cautious. we may make a mist.nlce by accepting a better polio vaccine too slowlv." 

"'Yben ~easure.d ag~lnst its killed cormterpart, a live virus vaccine (using 
modified v1rus whiCh stunulnte 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 Rchoolchildren 
~nd ad~lts last year in Dade County, Flu., and also on thousands of persons 
m fore1gn countries. 

.Another llve, 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 dec!Rion 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 i£~ 
n step forward that the principle of live virus lmmnnlzntion in poliomyelitis has 




