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Dear Doctor ifeed:

Enclosed herewith is a couy of a report by Jr. Harry Fngle on
Tffect of the Age of the Infection and the Site of Tnoculation
on the Curative (Abortlve) Dose of Penicillin! in comnection with
syphilitic infection in rabbits. He reports that a very small dose
of penicillin will cure (or abort) syphilis in rabbits if given in
the first four days after inoculation. The implications of this
work are thab syphilis (and we hope, -g-;onorrheu) may be aberted in

o

humans by relatively small doses of penicillin if given soon after
exposure. '

"The

Since penicillin by mouth would he the only practicable method of -
using this on a large scale as a Dronhylactﬂc we are very much
interested in the possibility of trying this in the Navy on an
experimental basis. In the light of present knowledge, an opinion

is desired from the Hational Research Council as to the practlcablln_ty
of such a study. Suggestions for setting up the experiment would

be appreciated if the Council considers that this can be accomplished
rithout seriously jeopardizing the health of fhe men involved.

Sinceely yours,

RS “vgnilsor?

Rear Admiral (3C)
Surzeon General, T, 5. kNavy
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R N CONFIDENTIAL - NOT FOR PUBLICATION..

e

The Effect of the Age of the Infection and the Site of inoculatlon
on the Curative (4bortive) Dose of Penieillin.

In the experiments of the preceding section, it had been shown that the
dosage of penicillin necessary to abort syphilitic infection in half the ani-
mals vhen given 4 days after inoculation increased from 200 to 500 to 3, 500
‘units per kg. as the intracutaneous inoculum was increased from 20 to 2,000
to 200,000 organisms. One could reasonably have anticipated that, 'in animals
receiving a fixed inoculum, the curative dose would increase progressively, at
‘1east during the early stages of the infectién, as the organismé mutiplied in vivo,
) Two éXperiﬁental_groups'were s#udied, one inoculated intracutaneously, in the .
middle of the baék, ;nd one intratesticularly. The inoculum was fixed at 2,000
organisms (0.2 cc. of a suspension containing 104 organisms). At varying periods
aftér inoculation (4 hours, 4 days, 2 weeks or 6 weeks), the animsls were treated
with4peﬁicillin, administﬁred as a single injection of a suspension in oil and
beeswax,

‘The data are given in Tables II and Ili, and are graphically summarized in
Fig, 2, In the animals incoulated intracutaneéusly, and treated 4 hours later, 100C
units/kg. of pénicillin abortéd the‘infecﬁion in half of the animals, and 2,500
units/kg. protected 90 per cent. Four days laﬁer; the abortive doses were essen-
tially unchéged (PD50 and FDgo levels approximately 500 and 2;000 units/kg.) .
However; when the penicillin was given 2 weeks after inoculation, the 50 per cent
protective dose had increased to approximately 6,000 units/kg/, and it required
16,000 units per kg. to prbtect nine-tentﬁs of the animals, doses 5 to 8 times
greater than those which sufficed 4 hours or 4 days after inooﬁﬁatidn.

In all three of these groups, treated 4 hours, 4 days or 2 weeks af'ter

incoluation, the animsls were in the incubation period of the disease and
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clinigally aéymptomatic at the time of treatment. By the éixth week; however,
. 32 of 37 animals scheduled for treatmént at that time period had‘devéloped
darkfield positive 1esiqps; and at that time it féquired 20,000 units/kg.'ﬁo
~cure half the animals, and 70,000 units/kg. to cure 90 per cent, three to four
time more than the doses which SUfficed‘at 2vweeks, aﬁd thirty times more than
the abortive dose at 4 days.

Q qualitatively similar résult.was thained in the animals inoculated intra-
testicdarly instead of intradermally. Again, the zbortive dose of pénicillin
was essentially the s;mé whethérfgiven 4 houré or 4 days after inooﬁﬁation; byr'
the end of the second week it had risen sharply,'the Clsn dose frém 1,500 to |
2,000 units/kg. to 14,000, and the CDgn dose from 3,500 units/kg. to 50,000 a
7= to 14-f0ld increase in animals- still asymptomatic. By the end of the sixth -
week the 26 animals scheduled for treatment had all developed darkfie}d positive
lesions. The curative dose at that time period in those animals was now 65,000
units per kg., and on the order of 160,000 units/kg¢,were neéessary to cure .

90 pef cent of the animals, doses three to five times more than were necessary at
2 weeks, and approximately 40 times more than sufficed at 4 days,

it is of interest that the abortive and curative doses of penicillin of
animals inoculated.intrttesticularly were regularly 2 to 4 times greater than
in animals simultaneously inocﬁlated with ‘the same suspension, but intracutaneously.
This differencé was observed in every group s;:udied, was quantitatively of .
the same orderlof magnitude fhroughout, énd is ﬁrobably significant (cf.

Tsble IV and Fig. 2).

The Curative (4bortive) Dose of Penicillin in Relation to the Age of
The Infection and the Humber of Organisms Inoculated.

it has here been shwwn that the dosage of penicillin necessary to abort
syphilitic infection in rabbits when given 4 days after inoculation incresses
progressively with the size of theinmoulum. To wipe out an intracutaneous

..2-
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inoculum Qf,goo,ooo organisms with a single injection of peniciliin in oil
and beeswax required 15 to 50 times as much ﬁénicillin aé was necessary with
an inoculum ‘of only 20 {cf. Fig.»i).

It has further been shown§'fhat, with a fixed inoculum of 2,000 spirochetes,
the curativeraose of penicillin varied with»thé age of the infedtioﬁ. For‘a
period of at least 4idays afﬁer inoculation it remained essentially unchangéd.

By the end of the sec@n_ week, howe-er, it had increased five to fourteen—fold

and by the énd of;ﬁhe’51nth week the curative dose, expressed either as the
G50 or'Cﬂggwlevel, éveraged 30 to 40 times that which would have sufficed to
abort the-infection if given wiiﬁin the first few days. |

This progressfive increase in the sterilizing dose of penicillin was not
reléted to the development of lesions, since the largest percentage incre?se‘
occurred between 4 days and 2 ﬁeeks after inoculation, and before lesions had
developed. It is a reasonable surmise insteéd that it reflectskthe multiplication
_of organisms; Ir thisAinterpre;:ion is correct, then for a period of at least
four days after their intracutaneous or intratesticular inoculation, S, pallida
multiplies so slowly as not to gffect the amount of panicillin required for
cufe, Thereafter, however,- the organisms multiply rapidly. The proﬁective
dose 2 weeks after the intraéutanebus inoculation of Z,OOO‘organisms ¥as some-
what greater than that required to abort a 4-hour infection with 2Q0,000 orgaﬁisms
(PDgq values 6,000 and 3,500 units pver kg_.), indicating that there had been approxi-
nately a ldO-fold multiplication of organisms in the interim; and if one exﬁra—
polates the curve of Fig. 2, the observed curative dose (CD5O) of 20,000 units
ver kg. 6 weeks after the intracutancous inoculation of 2,000 spirochetes

might imply the presence at that time of on the order of 2x106 organisms, or

1,000 times the original inoculum.
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Tﬁe curves of Fig. 2,'relating fhe curative dose to the égé of the
infection, show no evidence that the peak had been reached at 6 weeks in
‘animals inoculated with 2,000 splrochetes. However, in animals ineculated with
Y- 200 organisms instead ofb2;000, in vwhich the primary lesion is already
‘manifest in 10 to 12 days and reaéhes‘its peak in‘3 to 4 weeks, the éurativé..
ldose of penicillin might be greatest at that time, and subsequently fallcﬁé with
the development of necfosis in the regressing lesion., It is of interesf in this
connection that Flemlng (11) has found the curatlve dose of pBﬁlClllln |
in rabbit syphllls treated 6 months after 1nocu1at10n to be 51gn1f1cantly lower .
than in animals similarly treated 6 weeks after_lnoculat;on.

The Feasibility of the Frophylaxis of Human Syphilis with Penicillin

When tabbits were inoculated intracutaneously with 20 qrgénisms, the intra-
muscular injection 4 days later of 200 units/kg. of penieillin é;evented syphili-
tic infection in half'ﬁhe animals, and 500 units/kg.:profected almost all the
énimals tested. Even with an inoculum of 2,000 spirochetes, $00 units per kg.
protected half the animals, |

Under such circumsténces, the poséibility suggests itself that penicillin
may be used prophylactically in man to abort probable infection,. by treatment
during the incubation period. Froperly to evalﬁate th;t possibility, one should

~ know the number of organisms which ordinarily pass the epithelial barrier to

cause the natural infection in man. In rebbits, even one organism iﬁjected
intraéuéaneously or intratesticularly has been féund to cause infection in a
significant proportion of animals; and 20 organisms have been found to be almost
regularly infectious (6). The apparently well-documented instances in which
only a small proportion of men serually exposed to the same infectious sogrce

have dévelbped syphilis suggests that the number of organisms responsible for
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most‘of the nafural infecﬁiéns in man may be of that_same small order of
magnitude, barely greatéf fhan the minimal infective‘dose.

There is no reason to beliéﬁe that penicillin administered soon -afler
inoculation would behave differently in man than it doeé in rabbits. ig both
species, the renal clearance is maximal (13), the blood,levei-falls at es-
seﬁtially the same rate;‘and there are comparéble rates of sbsorption from an
intramuscular depot. Equal dosages per kg. in the 2\speciés:shouldAtherefore
have similar effects -on the spirochete. If one amsumes this to be the caée,

- then a total of 200 to 500 units per kg., equivalent to a total of 10,000 to
30,000 units in the average adult, given as a single intramuscular injection‘
in peanut oil and beeswax, might suffice to abort some early infections if
given within e.g. 4 days after éxposure; and a singlé.injection of 10 times
that amount {100,000 to 300,000 units) should be effective in most cases.

Such administration is to be‘considered in the occaéional instancé in which
there hés been recent exposure to a known infectious source,

However, the most challehging pessibility suggesﬁed By the present experi-
ments is in the large-scale epidémiologic control of sjphilis and gonorrhea.

In the armed fprces local chemical prophylaxis‘with‘soap and calomel has proved
insufficient to reduce the incidence ofyvenefeal disease below @ 1evel of 30
to 40 per 100per year, this despité an intensi&e educational program. The
striking post-war increase in the venereal disease Trate in such groups, in some
areas to levels in excess of 500 per 1000 per énnum, is further evidencé for
thé inaaequacy of such meésures. Whether the cases of venereal disease occur
because of failure to use the meterial provided, failpre to use it properly,
failure to use it in time, or indeed, bec:use such local prbphylaxis with soap
and calomel ointment is inéffective, is a debatable point for which no con-

clusive evidence has yet been offered.

-5 -
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The preseht daia suggest a neﬁ approaéh,fo‘tﬁe problem of pféventing
syphilis and gonorrhea. If the natﬁral‘disease'in‘ﬁén iﬁvolveé the‘penetra-
tion of the skin or mucous membraﬁes by small numbers of organisms, then the
infection may be susceptible to abortion by doses so small that even tablets .
given by ﬁouth'might préve effective, Moreover, if the Qrganisms multiply |
as ilowly ih man as the&'do in rabbits, then in marked contrast to chemicals
.‘applied 1oca11y, such peroral penicillin might be éffeetiveieven‘if given days
after exposure, rather thah hours. | | |

_;Only ‘the actu&l.test ﬁould serve to es@ablisﬂ the dd#aées necessary. Due
allowance must be made fof the faét that the 5100& levels afforded by perofal
penicillin are 1/3rd to l5th those attained on injectiop; and the cost of an
effectively bronhylactic dose of peroral pen1c1111n may preclude its large-

: scale use. There is nevertheless the possiblllty that e. g. 100,000 to 200, OOO
units, given at one time or in divided doses, and taken any time within 2 to |
4 days after exposure, might effectively abort a 1arge proportion of the cases
of early syphllls. Further, given the far greater vulnerablllty of the gonococ-
-eus to penibillin, any dose adequate to abort syphilitic-infection would pro-_
bably be equally effective in aﬁorting gonococcal infecti6n, provided the
organlsms had not already multiplied to the extent of produeing a clinically

apparent.lnfectlon. Studies to test the feasiblllty of such peroral prophylax1<

_ are now in progress.
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Plan for Suggested Siudy
To éimplify the administrative procedures, it is suggested that all
men at the atstion be given tabléts perorally as they chekk in from leave,
and at the following dosage ievels;
| ' a) 400,000 wnits
b) 200,000 units
¢) 100,000 units :
a) placebo, containing no penicillin
The tablets would be adminiétered to the fpur groups of men Withoﬁt regard
to the ‘time since exposure, the duration of theif leave, or 6ther prophylac-
tic prdcedures uSédi Nor would any atteﬁpt be n-de téymodify any ofher pro-~
phylactic procedure they might wish to use, chémical or mechanical, It
would, however, be eséential to keep a record of all of these points. In
a sufficiently large series, the distribution with_respéctfto-these variasbles
would gqualize in all four experimental groups, and the only variable would
be ghe amount of penicillin received.
Ir it w‘ere feasible, it would be highly desirable to have another
groupt of subjects given e.g. a 100,000 unit tablet twice instead of once,

with a 12-hour interval between the two administrations.
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The Abortlve (Curative) Dose of Penlclllin in Rabblt Syphilis in
Relation to the Aoe of the Infection and the Route of Inoculation

(Inoculum fixed at 2x103 organisms)

_ : 4
Time between | Intracutaneous 1nouu1atlons Intratestlcﬁ&ar inoculatlon
' inoculation | PDsg, unlts/kg. , units/kg. |  PDsp, unitskkef [P 80, units/kg.
and - [(Half of animalsf gp of animals. | (Half of animals | (90% of animals
treatment = | protected) protected) protected) protected) -
4 hours 1000 2500 1500 3500
4 days 500 12000 2000 3500
2 weeks _6000 20,000 14,000 50,000
6 weeks* | 20,000 70,000 - 65,000 160,000

*Mogt of the animals in this group had already developed a darkfield positive
The doses given are those necessary to cure the established dlsease,
rather than abort the infection in“the indubation period.

lesions:
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The Effect of the Sigze of the Inoculum.on the Curative (4bortive)
Dose of Penieillin in Bxperimental Syphilis

Rabbits were ihoculated intradermally and treated 4 days later
with a single intramuscular injection of a suspension in peanut
: ~ 0il and beeswax.

- f No. of spirochetes A -~ No., of Protective dose of
: inoculated . Penicillin, No. animals | penicillin,}units/kz.
t  intradermall, units/kg. " rabbits otected FD :
it /e. PrOeetell (s05%% | (oo% of
.animals) animals)
32,000 4 4
16,000 9 7
200,000 8,000 - 4 4 3,500 | 8,000 4
' 4,000 4 3 -
2,000 6 1
1,000 6 1
- 0 Control) 4 -
16,000 6 6
_ _ , 4,000 5 5 i
i 2,000 - 2,000 8 6 500 1 2,000
| - | . 1,000 7 5
: | 500 11 7
' : - 250 5 0
0 Control) 23 -
16,000 2 2
2,000
20 , 1:000 4 4 200 £ 500 #f
. 500 10 9 S 1 =
250 4 4
120 3 0
0 Control 10 -
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