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FOREWORD

This symposium, the second to be held under the auspices of
the Syphihs Study Section of the National Institute of Health,
13 a source of considerable gratification to all those who have
been assoctated with the Umted States Public Health Service
research grants program for the promotion of scientific mvesti-
gations in medicine and alhed fields To a considerable degree,
the many excellent papers presented here represent achievements
made possible by research grants to outstanding investigators
working 1 the field of the venereal disease

The research grants program supports research which other-
wise might not be conducted because of lack of availability of
institutiorfal or other funds This program does not take the
place of support from foundations, private philanthropy, or pri-
vate health orgamzations in medieal and related fields of science
The major objectives are (1) to expand research activities in
universities and other mstitutions, (2) to stimulate the imtiation
of research in small colleges where previous research programs
have been Iimited or non-existent, (3) to encourage investigators
to undertake research in neglected areas, and (4) to provide
traiming for scieniric personnel In carrymng out these objec-
tives, the aim of the Pubhic Health Service 1s to promote the
highest quality of end. s 1n both fund tal and applied
research, without restrictive regulations There 18 no direction,
control, supervision, regimentation or interference in the conduct
of the research

The work that 1s being done throughout the country 1 the
ymportant field of the venereal d and the
that are reported at this symposium, sustain the conviction that,
as a result of scientific research, we may confidently anticipate
profoundly beneficial effects upon the health of our nation

enidlphe

C J VAN SLYRE, Medieal Director
Chuef, Division of Research Grants and
National Institute of Health
U S Public Health ©
Federal Secunity
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A MISSAGE OF WELCOME
L A Scheele
(Surgeon General, U S Public Health Service)

It gives me a great deal of pleasure to be here today and te
weleome to this symposum so many who are interested in the
most recent advances 1n the study of the venereal diseases It
1s obvions from the program that we have 1n prospect two days
of interesting and informative papers

The venereal diseases have constituted a major public health
problem 1 this country for generations The Public Health
Service 1s jushifiably proud of 1ts role 1n combatting the ravages
of these diseases The scope and excellence of the program are
tributes to the courage, resourcefulness and energy of one man—
who, as much as any other, has made venereal disease control
within these Umted States a foreseeable reality—Dr Thomas
Parran Through his efforts 2nd those of climcians, admimistra-
tors educators and investigators toe numerous to mention, sig-
mificant advances have been made 1n the struggle to stamp out
the gemito infectious diseases This struggle will continue untsl
‘VD becomes a medrcal rarity in this country

I conceive research to be fund: 1 to the ul prose-
cution of the campaign We can by no means shght the purely
medical and public health aspects of this problem, nor can we
1gnore 1ts umque socio economic and moral impheations, but
we urgently need new methods of attack—and some of the most
promusing approaches require imntelligent and intensive funda-
mental research for theiwr development

To you, the outstanding mnvestigators in this field, ever striv-
mg to interpret what actually exists—to you and to all those
who by their attendance here may have their thinking catalysed
1n the mnterests of scientific progress, I extend a hearty welcome
to this symposium You have my assurance that the campaign
agawnst venereal disease will continue, and that the research
phases of this campaign receive my wholchearted endorsement
and support,

I hope that we can meet like this from time to time, so that
we all may benefit from the newer knowledge that continues to
aeerue ag a result of scientfic research in ths important field







THE RATE OF DEVELOPMENT AND DEGREE OF AC-
QUIRED IMMUNITY IN EXPERIMDNTAL
RABBIT SYPHILIS

By
Harold J Magnuson and Barbara J Rosenau*

This paper represents a final report on material presented 1n
preliminary fashion at thss meeting a year ago 1t 1s the first
of 2 series ntilizmg a quantitatne approich to immumty prob-
lems 1 experimental syphilis It 1s based on the concept that
mmrmuntty may be relative and that the degrees of immumity may
evist which will be adequate to combat minimal moculums, bat
may be inadequate to overcome larger moculums An amimal's
resistance may be measured by determiming the size of moculum
required to produce infection The work reported this mormng
1s concerned with the following varables (1) the duration of
the original infection prior to treatment ts the degree of ac-
quired immunity (2) the effect of pemeillin +s mapharsen treat-
ment 1 the development of this immumty

Time does not pexamt complete description of experimental de-
tails and only the most pertiment are included Throughout the
present discussion the terms ‘ original infection” or “immumzing
wfection refer to the wfection preduced by the mncculation of
Treponemea pellidum into normal anmmals The terms ‘ second
mfection or ‘challenging infection” refer to the mfection pro-
duced by the moculation of Treponeme pallidum into ammals
whose previous origmnal mfection had been cured by adequate
treatment Umform immumzing infections were produced by
the moculation of a known number of the Nichols strain of T
pallidum, erther 1nto a single testis or intracutaneously at 6 sites
on the rabbit s back The origmal mfection waz confirmed by
darkfield examination and the immumzing infection was ter-
mmated at varymg times after moculation by curative treat-
ment with either pemeallin or mapharsen Pemcillin as POB
was given as 4 daily intramuscular injections to a total of 64,000
units/kg  The mapharsen was given m 4 daily injections to a
total of 6 mg /kg These doses represent respectively 8 times
the CD, of pemeillm and 2 times the CDy; of mapharsen

The adequacy of this treatment and the distribution of rab-
bits treated 1n the present experiment are shown in Table I

* The University of North Carolina School of Public Health
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It may be seen that the amimals were treated at 3, 6, 12 or 24
weeks after the oniginal infection and that of 263 ammals enter-
mg the experiment 56 were alloved to go as unreinoculated
treatment controls With but one exception, all of these animals
were cured as judged by subsequent node transfer 415 months
after treatment This single exception occurred 1n animals
treated with 6 mg /kg of mapharsen twelve weeks after inocula-
tion Whle the posstbility of technieal error in this anmmal
could not be excluded, 1t was felt that further animals treated
at this time period should be given larger doses of mapharsen
and these animals were g1ven a total of 24 mg /kg  The results
of remnoculation m the two groups did not differ and the results
are not dishinguished 1n the tables that follow

Six weeks after treatment the ammals were reinoculated
with graded moculums of T pallidum at the site of the original
moculation  As controls on the emulsions used for these rem-
oculations, normal rabbits were moculated with the same emuls
sion at six different sites over the back of the ammal The
results on these controls are summarized in Table II It may
be seen that the mean mcubation periods with these emulsions
agree remarkably well with data previously reported and with
but two exceptions the mean icubation periods for the controls
of any one date fell within plus or minus one standard deviation
of the average of the entire group These data indicate that the
moculum used for reanoculation was, on the whole, most unmiform

Followmg remoculation the ammals were examined twice
weehly for a three month period Table III shows the re-
sults of ammals originally 1moculated intratesticularly and re-
inoculated 1 the same manner Three types of results have
been observed If a darkfield positive lesion developed at the
site of remoculation during the three month observation period,
the ammal was considered to have developed symptomatic rein-
fection When no local lesion developed, node transfers were
performed 1 the usual manner three months after inoculation
If the node transfer was postive, the parent anmal was con-
sidered to have developed asymptomatic remnfection, and 1f the
node transfer ammals were negative, the parent ammal was
considered immune

The numbers im this table 1efer to results of individual rabbits
moculated with the mdicated number of spirochetes It 1s ap-
parent that as the duration of the origmal infection ncreases,
progressively larger numbers of sprrochetes are reqmred to
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produce a given response on remoculation The mmumty has
Bbeen the same in the mapharsen and penteitlin treated Ammals
except 1 the group treated at tnehe weeks  The reqson for
this difference 1s not apparent As a measure of the merease in
resistance we have caleulated i%¢ end pomts for the various
time perrods  The first is the symptomatic 565 mfectious dose
TABLT If
Controls 1 Inoew xmz Used for Re nocalat on
Rabb ts were nocvlated stracutamew 1 at moltp esvene t2 0 Zeo of each em

ul on  dambers o the wble refer v the avera,e vouba o penchut the 5 tes on
conteol an mals of a , ven date

Number of T pall dom 0 Pl on
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TABLE HI
Development of Acquired Immunity in expenimental Syphilis

Summary of Tntratesticular Juoculations

Time of Treatrent Sympto~ |Asympto-
Rx Inocu Total matic matig
Tom | Pentcllin | Mapharsea 1D, | IDw
s|alr|sial1|s|als
2101 | 1 2
200 | 4 4 8
Three -
wees | a0z | 3| 1 7] 3 5|+ 470 | 5
0 | 2| 3 I 16| |
7 |1 1 i 2
2x103 1 2 2 2 3 4
s | 2 [ HEER
s S T S 152109 | 4 3110
2 + 3 7
107 HE 2 4] 2
e | | 2] 2| | 3] BE
s e 2| A e ] |
25108 NEIEE 3| 2]
22102 21 31| 2| 4
168 6| 1 ol 1
Toenty. [ 22108 | 1] 2 |2 32| 15| 4|
Secks | 25108 7| 3 13 36| s108 | 208
22164 2| 7] BENEIR
20108 FE 2|3 N
“§" = Symptomatic remnfection € -+ =

“A7 = Atymptomati remfecno
= Immune
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Rabnts were moculated tn & single testis with 108 T pollidum Treatment
with curstive doses of pemaillin or mapharsen was given at time indicated,
and remoculations performed & weeks sfter treatment The aite of the
ongnal maoculation and of remoculation was the same The development
of darkfield pesitive Jesions at the sxte of refnoculation during » three months

shservation permd wag d When no local
Jesiom i nade were three sponths after mace
lation If the node transfer was positive, the parent animal way contidered
to have and 1f 2 the ammal

was considered mmune

TABLEIV

Development of Acquired Immumty !"Jpenme'\tal Syphadss Summary of
ntracutanecus Inoenfanio

Rahbits were origmmally tnoc slated ly at six sites with sersal
30-fold dal of & calib s to a total of 22 x 108
organisms, and were freated at the time indicated with erther pemeillin
{4 davy mjections of PORB to = tolal of 64000 U kg )} or with maphsrsen
(4 daily injections to & total of 60 me/kg ) Intracutaneons remoculation
s1x weeks after tremintent wes mmular to the onginal snoculstion Neds
transfers were made three months after remoculation on ammals faitling to
develap symptomatic renfection

Fime of Freatment
Ne of TP S
R fated 3 weeks | 6 weeks 112 weeks] 24 weels
o s U ot U v oot I 3 e
167 PN SO S Y 0} 3
22308 - o 03 3
2z 10% ui o) 3) 2 tf 9§ 011
hRB\Il“ of 2310t 1) 0 3] 2) 2] 8] 0Fis
by sites 2x10% i o) 3] 2y 1) 9f 044
231 1Yoy 3f2) 1) 210k
2x10 st 34 1] 4f 1t 9foin
2 BEZRIRIBIEINIY
Sy doa R AT R
1Dso
Nol % | Nof{ % [ No| 95 { Na| %
§y mptomatie 1Thoo) )80} 2§20f ¢} 0
Resules of
Re nocutation Asympromatic of o} rjzof sledy 8187
by Anmals o
Imwmune of 6 6 of 2{20] 64
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which represents the number of spirochetes required to produce
symptomatic infection mn 50% of the ammals, the remainder of
the anmmals being either asymptomatically reinfected or im-
mune The second end point 1s the asymptomatic 505% mfectious
dose, which 13 the number of spirochetes required to produce
erther asymptomatic remmfection or symptomatic reinfection in
50% of these animals, the remainder of the ammals bemng 1m-

Fig 1
Results of Introtesticular Inoculotion

® = Obierved Symptomatic 1Dgy
X = Observed Asymplomat¢ IDgg
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mune The merease m these two end points 1s evident fiom the
tahle

The data are better summarized n Iig, 1 in which the
two 50%% mnfectious doses are shown graphically It 1s pertinent
at this point to refer to our earlier publiched work 1n which 1t
was shown thet under carefully controlled conditions the infec.
tious dase for rabbits on mtratesticular moculation was one
spirochete  In this same paper 1t was shown that in these same
animals asymptomatic infection was extremely rare It follows,
therefore, that in the normal animals the symptomatic ID ¢ and
asymptomatie ID , as defined above is one spirochete  Starting
from this pownt at 0 time we can see the progressive mncrease in
the 500 mfectious doses as the duration of the eriginal wnfection
15 increased  These two hnes divade the graph into three broad
areas Pomnts within these respective areas represent combina-~
tions of challenging noculums and durations of smmumzing
mnfections that may be expected to yield symptomatie remnfec-
tion, asymp tic wons, and ty It should be
emphasized that these curves represent a summary of all of the
data and that particularly in the later stages of the mfection
when the end points are not sharp, 1t 1s not possible to predict a
eertain outcome for a given rabbnt with a given moculom.

Table IV shows the results of intracutaneous snoculations m
which the size of the challenging inoculum was hept constant
The use of graded muitiple intracutaneous moculations permits
rapd deternunation of the syraptomatie §07% infectious dose,
but complete ty and asympt tic reinfection become
apparent only when the amimzls resistance 13 suffictent to over-
come the largest number of spirochetes  The graphic presenta~
{ion 1 this table shows that with a constant wmoculum the
change in immunity with the passage of time 12 reflected mn a
decrease m the number of symptomatic remnfections, an increas-
g propertion of asymptomatie reinfections, and finally some
true ymmunity  These results confirm those of the earlier
worl ers using quahtative techmes

The dangers wnherent in transformng ammal doata to human
dizeases are recognized It 13 reasonable to assume, howeven
that some number of Treponema pallidum yepresents a mmmal
wnfectious moculum m man I acqurred immumty evsts i

man and develops i a progressive manner, there wm be a pro-
gressne ncrease m the her of T e
qtured to produce erther symptomatic or asymptomanc remfec:
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tion Since the size of noculums mn humans are unknown and
since these 1noculums probably vary over wide limits, the chinical
expression of developmng acquired y will be hmsted to
changes n the ratios of symptomatic remnfection asymptomatic
rewmnfection, and immumty

While there now exist no chimeal means to differentiate re-
lapse from remfection, 1t 18 perhaps mstructive to consider the
effect of mcreasing 1mmumty 1n relation to apparent cure rates

Tig 2
tnirocutoneous Inoculation of 2 22 x105 T paltidum
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in various stages of syphilis. For sake of illustration, let us
assume that animals treated within the three to six weeks period
following inoculation are comparable to humans treated in the
primary stage, animals in the six to twelve weeks periods to
humans in the secondary stage,' and from twelve to twenty-four
weeks to the early latent stage. Further, let us assume that an
infinite number of patients are reinoculated with from 1 to
100,000 minimal infectious inoculums of T. pallidum. In Fig.
3 these limits have been superimposed on original symtomatic
and asymptomatic ID; curves of Fig. 1. The relative arcas
between these limits and their respective curves are shown.
Thus, under the conditions assumed, patients originally treated
in the primary stage might be expected on reinoculation to de-
velop symptomatic reinfection 509 of the time, asympiomatic
reinfection 269 of the time, and escape infection 245 of the
time. Similarly, with patients treated in the secondary stage

D 3
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g i H
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75 mught be expected as symptomatie reinfection, 43% asymp-
tomatic reinfection, and 509% no infection Of patients treated
m the early latent stage none would develop symptomatic remn-
fection 13% asymptomatic remnfectron, and 87% no infection
These percentages are given only to indicate trends m the type

of climeal r follow Ingr ¥ lation If the 1
to whim humans are exposed vary in the pattern of a nermal
curve rather umformly as was assumed, then the r to

medmum size moculums wall be mncreased Regardless of abso-
lute percentages, the chief 1mportance of the argument 1s that
patients treated 1n the primary stage are most apt to have symp-
tomatic reinfection Those treated in the secondary stages may
be expected to have more asymptomatic reinfections, which wall
be chimeally mamfest (if at all) by apparent serological relapse
Nesther symptomatic nor asymptomntic remfection will be of
impertance 1n those treated later in the disgase

Time does not permit a complete diccussion of the serologic
results in these ammals, but I shall mention & few findings which
may have clinieal mterest In the first place, there has been no
relationship between the degree of immumty and the serologic
titer 1n these ammals In the second place, asymptomatic reinfec-
tion occurring in ammals whose first mnfection has been term-
nated early has usually been associated with a serologic relapse,
but where reinfection has occurred in ammals treated later there
has not been such a relapse Third, experimental reinfection
resulting 1n clinical symptomatic remfection may actually be
preceded by an increase 1n serologic titer The apparent serologic
relapse antedates the clinical lesion
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THE RATE OF MULTIPLICATION OF TREPONEMA

PALLIDUM IN NORMAL AND IMMUNE RABBITS

By
Mary C Cumberland and Thomas B Turner*

Lattle 1s known concerming the succession of events which
oceur soon after the introduction of virnlent Treponema palli-
dum nto a susceptible or a resistant host It 1s known that with
the eaxperimental methods commonly employed, treponemes rap-
1dly migrate or are cartted beyond the site of noculation to
mvade the regional Iymph nodes and the blood strenm It 1s also
known that after about 5 days minmimal histologteal changes can
be recogmized in susceptible animals, although microscopiclly
detectable lestons do not often occur before the 10th to 14th day

The present study 1s an attempt to determine what happens
to spirochetes during the first few days following introduction
mto 2 susceptible or a resistant host

Groups of rabbits having testes of approximately the same
s1ze were moculated with an emulston prepared from testicular
syphilomas, Nichols strain, and diluted so that the desired num-
ber of spirochetes was contuned 1n a volume of 02 cc Care
was taken to place the inoculum into the middle of the testis
At varmous intervals after inoculation testes were removed and
cut 1nto s1x equal transverse sections A loopful of serum saline
was pressed into the surface of each segment and the tissue-rich
fluid collected on a covershp Using a darkfield microscope 50
high power fields of each preparation were examined, and the
total number of sprrochetes counted in all six preparations was
taken as an 1ndex of the spirochete population of the whole testes

Immune rabbits were obtamed by intracutaneous moculation
of the back with the Nichols strain of T pallidum Seventy to
erghty days after infection the amimals were treated with a cura-
tive dose of pemciln 1 order to ehmnate any spirochetes
present 1n the testis prior to intratesticular imtroduction of the
challenge moculum

Figure 1 shows the median counts obtained 1n testes of nor-
ml rabbits on various days according to the number of spiro-
chetes moculated By eomparing the number noculated into the
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testis wth the number counted when the testis 13 removed 1mme-
drately adter inotulation the ratie of spirochetes counted to spire-
chetes present 1n the testis 13 about 1 to 125,000
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Within 2 hours following inoculation with 10 mullion 8pLro,
chetes, there has occurred about a2 90% reduction i the number
of orgamisms present 1n the testis Apparently the majority of
the treponemes have migrated or been carried from the testis
by either vascular or lymphatic routes Following the rapid
mrtial loss loganthmic multiplication of spirochetes takes place
at a constant rate regardless of whether the imtial moculum
consisted of 10 mmllion, I million or 100,000 organisms An
average of 108 hours or 414 days 18 requred for a tenfold
1merease 1n the number of treponemes This 18 equuvalent to an
average of 33 hours necessary for a smgle division, assuming
that each spirochete divides into two spirochetes

The following table (Table I) gives the results of inirates-
ticular moculation of 10 million treponemes into normal and
jmmune rabbits About 90% of the orgamsms inoculated into
both the normal and immune rabbit testis have disappeared
withsin 2 hours Spirochete counts made at 24 hours after mocu-
lation show no differences between normal and immune testes
but by 5 days post-moculation the number of treponemes found
1 the testes of mumune ammals 18 defimtely lower than in nor-
mal rabbits The 7 and 11 day counts show very striking differ-
ences between normal and immune ammals Spirochetes in the
normal testes have become exceedingly numerous whereas i the
majority of the immune testes none or only a few orgamisms
are visible

TABLE 1

Resu ts of Treponeme Counts on Testes of Norma! and Tmmune Rabbits at Var
10us Periods Follaw ng Inoculation with 10 M on T pallidum

Med an Range of Counta
Tim» After
Inoculation
Normal ’ Immune Normal Immune
Immed ate 81 7 30 202 ' 52 109
2 hours 6 H 0-13 02
1day 45 1 0-4> 027
—

3 days 195 65 0-51 09>
7 days 232 1 72362 o
11 days 2998 0 11434824 0-1
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The last column of the table indicates that i certam indi-
viduals among the immune anjmals exammed at 3 or 7 days,
there 13 a multipheation occurring at approximately the same
rate ag 1n normal animals Since 1n the group of so-called 1m-
muge rabbits, there was undoubtedly great variation the
actual degree of 1mmumity in ndividual ammals, such high
counts may have oceurred in ammals which had httle or no
acquired resistance Perhaps eventually a climeal orchitis would

2001 2
7DAYS « £32 TREPONENES
180 11 DAYS + 3000 TREFOREMES
160
150,
120
4
2 100
g
¥ %0
¥ g @—ONORRAL RASBITS
& O~OIMNERABETS
& 7o
&
= o]
2w
L
n
204
10
o s

L 23548687 00 (213} 5 17 18
FIG2 RESULYS OFTORAEgN‘{Jzkl it Teshre
DEURE R 'E COUNTS ON TESTES OF N

T JORMAL. AN!
ABEITS AT VARIOUS 0! oL
B MR T PALBRe T 08 FOLLOWING INOGLATION



116}

have occurred m these amimals On the other hand, such high
counts may sumply mdicate that the degree of immumtyv wa!
not sufficient to prevent two or three cycles of division, followxm
which the spirochetes would have ceased to mcrease in numbers,
and mught have slowly died off

Figure 2 shows the results plotted in graphic form The
growth curve of treponemes inoculated into normal ammals fs
typieal of growth curves for other types of miero organisms
Spirochetes 1ntroduced mto immune anmmals have not signifi-
cantly wncreased m number after eleven days and, 1n fact, are
probably decreasing

The rate of muitiplication of Treponeme pallidum in the
normal rabhit testis as computed by the method described 13
approximately 33 hours per single division This figure may be
compared with that obtamned by Magunuson, Dagle and lesch-
man? who caleulated a division time of 30 hours from data on
the 1mcubation period of back lesions followmg intracutaneous
moculation of graded numbers of treponemes It should be em-
phasized that all such figures mdrcate only the rate at which
the number of spirochetes ncreases at the site of moculation
and not negessarily the actual fime required for 1 spirochete
to dwide mio 2 Since 1t has been shown that about 90 of
the original inoculum has left the testis within two hours, 1t
13 possible that there 13 a contiuous outfiow and, perhaps, mflow
of spirochetes n the testis followng the imitial rapad loss  Unfor-
tunately, virtually nothing 1s known concermng the rate at which
sprrochetes leave the testis It 1s possible that, following the
early imtial mugration, the rate of outflow becomes stabilized
at a rather low level It 15 assumed, also, that some spirochetes
re-enter the testis from the blood, but the numbers are probably
minimal

In spite of the fact that the so called ymmune animals were
not solidly ymmune, 1 general spirochetes dird not multiply mn
their testes Apparently there 1s no mechamsm whercby the
pirrrane eavirned cae Al o bk dhe o ly
after their entry into the body, but they are prevented from
dividing, so that eventually they die

These experiments present further evidence that immunity to
experimental syphihis 13 not localized but 13 present mn tissues
far from the site of the 1mitial chancre In view of other studies
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carried on 1n this laboratory, 1t 1s probable that humoral factors
play o significant role 1n this phenomenon

EBIBLIOGRAPHY
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THE ANTIBODY RESPONSE IN RABBITS TO KILLED
SUSPENSIONS OF PATHOGENIC 7 PALLIDUM*

By
Hary Eagle and Ralph Fleischmant

Although remfection with syphiis 1s not uncommon, it 13
usually observed 1n patients who have been treated early in the
disease, and 13 observed only rarely in patients treated after the
secondary lesions have spontaneously regolved! In sypmhihic
rabbits also, a solid immumnity develops after a period of ap-
proximately 3 months® If such anmmals are cured by appropr-
1ate treatment and then remoculated, even several mlhion
orgamsms usually fail to produce a second infection

The mechamsm of this immunity 1s not clear It bears nw
obvious relationship to the presence of serum agglutimins or
lysins, and epsomns have not been demonstrated Syphilis does
regulatly cause the production of an antibody (“reagin’) re-
active with a ublquitous lipordal component of normal mammal-
1an tissue It 1s not jet clear, however, whether this reagin 1s
actually a specific antibody to T pallidum which happens to cross-
react with a serologically related component of mammahan
tissue®, or whether, ag suggested by Sachs, Klopstock, and
Werlt, syphilis causes the breakdown of host tissue and the
pretam to form o complete anfagen  In wither ease, the presence
of so called Wassermann or flocculation reagin 18 apparently not

*Thi= manuscript represents excerpts from a more detmled paper
which will appear 1n the Journal of Expertmental Medicme

rom the Laboratory of Expermental Therapeutics of the Umted

States Public Health Service and The Johns Hopkins School of Hygene
and Public Health Baltimore oims Hoplans Bchool of Hyex
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the basis of the observed resmistance to reinfection. In both
rabbits and man, the titer of this antibody 1s highest in the
early stages of the disease, long before there 1s a sigmficant
degree of wmmumty, and the titer may have dropped to neghgible
levels at a time when the immunity 13 masimal

The only expermmental evidence yet adduced for the presence
1n the serum of 8y philific animals or men of antihodies directed
specifically against the causative organism in the demonstrations
by Tam and his conorkers®® and by Turner’ that when such
serum 13 incubated with of T pallid: and the
mixtures mjected into rabbits, the production of syphilitic le
stons 18 then either delayed or prevented In the latter instance,
1t 13 not yet known whether the admixture with serum actually
prervents infection, or merely suppresses the appearance of the
primary lesion, and makes the infection asymptomatic

The present expermments were undertaken to determine the
antibody response 1n rabbits to killed suspensions of pathogemc
T pallidum, admmstered m saline suspension, or wmcorporated
m oMlan water emulsions as deseribed by Freund® As will
be here shown, the 1njection of even large numbers of the organ-
1sms, up to a maxumum of 38 hillion mjected over a pertod of 13

weeks, did not di o trable resistance to nfection,
since as few as ten orgamsms then sufficed to cause infection The
serum of such “rmmunized” 1s had no d trable direct

effect on the organisms tn tiiro

The ingection into rabbits of killed 7 pallidum did, however,
regularly cause the production i hugh titer of antibodies simlar
to those which develop mn the course of syphilitic infection, the
serum giving posttive complement fixation (Wassermann) and
floceulation tests with hipoidal extracts of normal tissue The
serum diution titers reached a maximum level withmn 2 to 3
weeks Thereafter, and despite continuing mjection, the titers
decreased progressively

The present experiments therefore throw no light on the
mechanism of mmumity in syphilis  They do, however, consts-
tute strong evidence that, as origmally postulated by Wasser-
mann, so called reagin may be stmply an antibody to 7 pallidum
Its anomalous renctivity with alechohe extracts of normal mam-
malian tissue 1s probably to be attributed to the presence in such
extracts of a ipid substance serologically related to one or more
of the antigenic components of the orgamsm (cf3) Methods
of prepaning treponematal suspensions from rabbit chancres
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have not yet yielded suspensions sufficiently concentrated and
suffictently free from tissue components to warrant either their
chemical fractionation or thetr use mn absorption experiments

EXPEPTMENTAL

There will be here deseribed one of 5 experiments in which
saline extracts of rabbit testicular chancres were used as
antigen

Testes Were removed at the height of the wmfiammatory reaction 10 to
14 days after their moculation finely minced with scissors and ground in
a mortar and pestle with 0 85 per cent NaCl (approximately 5 cc per testis}
The mixture was hghtly centrifuged to remove the tissue particles and
the sediment reextracted with 2 second portion of salt solution  The com
bined sup! it fluds were d 1n a conical head (International
Centrifuge Co No 923) for 1 hour at the end of which time from 75 to
90 per cent of the orgamsms had been sedimented as a whitish pellicle
The number of orgamsms m the sediment nwas estimated by counts en the
suspension before and after centrifugation “Fhe supernatant flud was
drained the sediment was resuspended in salt solution to give a final con
centratron of 1 hillion orgamisms per e¢ and the suspension frozen st
—25°C  Over a period of 2 months muine such =uspensions totalling 140 cc
were prepared from 192 testicular chancres Some of these suspensions
were lilled before freezing by the addition of merthiolate to a 1 1000 con
centration and warmung to 37°C for 1 hour The others were kept frozen
until they Were no longer wnfections No difference was noted between
the two types of suspension and they are not distingumshed in the text

In the first experiment with this materzal thirteen rabbits were m
Jected three times weekly to a total of sixteen imjections in a period of 46
days  After the seventh mnjection there was a rest pened of 12 days
before in)ections were resumed The dosage per injection averaged 05 ce,
or 500 mullion organisms and the total number of treponemata wnjected
during the immumzation period was 7 billion

As 18 mndicated m Table I, every amimal jected developed
‘Wassermann and flocculation antibodies within a period of 16
days, the flocculation titers at this time varying from 1 16 to
164 No sigmficant increase 1 this titer was cbserved on
prolonged mmumization Instead 1n most of the animals there
was an indication that the serglogic titer had reached a maximum
1n the first 2 weeks and thereafter decreased Three days after
the last injectron, a pophteal node was removed from the sur-
viving ammals, emulsified in 25 per cent serum, and injected
nto a normal rabbit to d trate that the used
for immumzation had actually heen Ialled, and that the immun-
1zed animal had not been infected None of the nodes proved
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the basis of the observed resistance to reinfection. In both
rabbits and man, the titer of this antibody is highest in the
early stages of the disease, long before there is a significant
degree of immunity, and the titer may have dropped to neghgxble
Jevels at a time when the immunity is maximal.

The only experimental evidence yet adduced for the presence
in the serum of syphilitic animals or men of antibodies directed
specifically against the causative organism in the demonstrations
by Tani and his coworkers®® and by Turner’ that when such
serum is incubated with suspensions of T. pallidum and the
mixtures injected into rabbits, the production of syphilitic le-
sions is then either delayed or prevented. In the latter instance,
it is not yet known whether the admixture with serum actually
prevents infection, or merely suppresses the appearance of the
primary lesion, and makes the infection asymptomatic.

The present experiments were undertaken to determine the
antibody response in rabbits to killed suspensions of pathogenic
T. pallidum, administered in saline suspension, or incorporated
in oil-inwater emulsions as described by Freund’. As will
be here shown, the injection of even large numbers of the organ-
isms, up to a maximum of 38 billien injected over a period of 13
weeks, did not produce demonstrable resistance to infection,
since as few as ten organisms then sufficed to cause infection. The
serum of such “immunized” animals had no demonstrable direct
effect on the organisms t vitro.

The injection into rabbits of killed 7. paillidum did, however,
regularly cause the production in high titer of antibodies similar
to those which develop in the course of syphilitic infection, the
serum giving positive complement fixation (Wassermann) and
flocculation tests with lipoidal extracts of normal tissue. The
serum dilution titers reached a maximum level within 2 to 8
weeks. Therecafter, and despite continuing injection, the titers
decreased progressively.

The present experiments therefore throw no light on the
mechanism of immunity in syphilis. They do, however, consti-
tute strong evidence that, as originally postulated by Wasser-
mann, so-called reagin may be simply an antibody to 7. pallidum.
Its anomalous reactivity with alcoholic extracts of normal mam-
malian tissue is probably to be attributed to the presence in such
extracts of a lipid substance serologically related to one or more
of the antigenic components of the organism (cf.3). Methods

of preparing treponematal suspensions from rabbit chancres
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neubation Period on Inoculation of Radbuts with hvorg T patidum § Days
after the Last Immuninng Injection

Rabbits of Table I

Incubat on penod 1n time after
No of organ Rabbit No {¢f Table I}
ssms 1noculated| Intradermal | Intratest cular
mocutation snoculat on
s da%u dg:
100 67 7! 1
00800 67 70 13 42
Normal controls smultaneously 1o | 9 13 13 2t 28 35
oculated
1001 66-62 2 28
0 67 28 28 kel
€7-61 2 £
Contols mwazn 28 28 28
10 66-87 28 -
67 73 » .
67 S0 28 42
Controls 28 35 42 42 92

* No obv ous test cular mvolvement for 3 months after 1noculation and testis dark
field negative at that t me

large mocula®l Accordingly n a gecond experiment with sedimented
orgamsms an aversge of 1 billion hilled orgamsms was injected three

times weekly for 2 period of 4 months and the total number of ergamsms
mjected was 385 bilhon

Maamum titers were again obtained vathin 2 weeks  There-
after, however, the titers fell continuously, despite continuing
mjections at the same high level Thus, the flocenlation titer at
the end of 2,4 6 9, and 18 weeks averaged 28, 14, 65, 4 5, and
45, respectively When 100 or 10 orgamsms were mjected mto
two ammals intradermally at the end of the immunization period,
a syphilitic lesion developed within a normal incubation period
As 1 the previous experiment, however, there was a suggestion
of resistance 1 ammnis moculated 1ntratesticularly  Although
two rabbits moculated with 100 orgamsms both developed a
chancre, the mcukation period was prolonged m one of the two
Of two other rabbits moculated with 10 orgamsms, one failed to
develop a leston A popliteal lymph node transferred to & normal
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ammal 110 days after the original inoculation proved infectious,
mdicating that the amimal had undergone an asymptomatie 1n
fection Despite these suggestions of an altered response, 1t 1s
nevertheless clear that no sigmficant degree of immumty had
developed 1n these amimals under the impact of relatively large
numbers of dead orgamsms

The serum from one of these rabbits, obtained midway in the
1mmunization pertod 63 days after the first injection, had only
a questionable direct effect on patbogenic T pallidum The
serum, either whole or diluted 1 10, was incubated with an
equal volume of a chancre emulsion contaimng 105, 108, 104, 10"
orgamsms per cc, and 02 ce of each mixture, representing
nocula 107, 10% 103, or 10 treponemata, was then injected 1nto
normal rabbits intradermally or intratesticularly The three
larger 1nocula caused the appearance of typreal darkfield positive
chancres within a normal mecubation period However, the sus-
penston contammng the smallest number of orgamisms proied
non mfectious on mtratesticular inoculation into two rabbits,
thns despite the fact that one to two treponemats have been
shown to be regularly infectious for rabbits on infratesticular
moculation’® When the same suspenston was simlarly incu-
bated with normal serum and inoculated, typical chancres
developed 1n 28 to 35 days The significance of this observa.
tion 1s nevertheless onen to question When 1 10 serum was
used 1nstead of whole serum, the “immune” and normal sera had
the same effect n each instance one of two rabbits moculated
developed a chancre

Ezperiments 7 and 8 The Immunization of Rabbits with
Adled T palhidum Suspended i a Water in-Oil Emulsion —

Freund and his coworkers? and others! 14 have shown that the anti
geme activity of bacterta 1s often considerably enhanced if they are sus
pended 1n the aqueous phase of a water in c1l emulsion This was pro-
duced by mixing an aqueous suspension of the orgamsms first in lanoha
{or Falba) and then emulsifying the mixture m eg mineral ol Thes
further showed that the incorporation of Filled tabercle bacilli 1n the ol
phase of such the activity of the suspenston

A series of treponematal suspensions was therefore prepared in which
extracts of rabbits syphilitic testes, or the organisms sedimented from such
extracts were emulsified 1 anhydrous lanolin and then in mineral ol to
form suspensions containing from 47 to 370 million orgamsms per ¢
Rabbits were injected subcutancously with varging amounts of these emul
sions At varymng periods thercafter specimens of blood were obtamned by
cardiac puncture and their Wassermann and flocculation titers deterruned
In only one rabbit of the five (rabbit €0 66 injected with suspension E)




[23]

1gmificant 1ncrease 1n antibody reactive with alcoholic tissue

‘;f;:::l‘i‘; ;i;lecﬂocculahou titers on days 1, 6, 13, 23, 27, and 37 bemng
1%, 4,4 8, 12, and 8 respectively

Forty-one days after the first immumzing mjection, and 28
days after the last, the rabbits were inoculated 1ntradermally
and intratesticularly with 100 lhwving orgamsms Every im-
munized anmal developed darkfield positive lestons  The
mcubation perieds at the intratesticular sites did not differ
sigmficantly from {hose in control normal ammals  There was,
however, an indication that at the mtradermal sites, the meuba-
tion period had perhaps been decreased In the five immumzed
animals, the incubation period varied from 14 to 20 days, aver-
aging 17, while n five control rabbits simultaneously inoculated,
the 1ncubation periods were 27, 38, and 45, and more than 65
days 1n the remaimming two

In order to retest this apparent increase in skin reactivity, 24
days after the first 1noculation the same anmmals were reinocu-
lated mtradermally at three different sites with 105, 104, and 10"
organismg The incubation periods at the sites recewving large
mocula did not differ sigmficantly from those 1n control syphilitic
rabbits In the sites receiving a small moculum, however, there
was agam a defimte mdicatton of a reduced mcubation period,
the observed period varying only between 138 and 14 days 1n the
“ymmunized” ammals as agaimnst 23 to 27 days in the control
animals

Further to test this apparent mcrease 1n sensitivity, 66 days
after the last injection of the killed orgamsms, and 38 days
after the first moculation with living treponemata, fresh skin
areas were njected with 2 million killed and live organisms A
third site 1n each rabbit was mnjected with a similarly prepared
control extract of normal rabbut testes Normal and syphilitic
control animals were simultaneously 1rjected The normal testis
extract produced no reaction m any of the ammals In one of
the five immunized ammals, but none of the contrals, the killed
orgamsms caused a sygnifieant erythematous reaction within 24
hours which reached a peak m 48 hours, and had disanpearaed
after 72 hours The live organisms produced a darkfield positine
lesion 1n 2 to 7 days, averaging 4, 1n the wnmunized anmimals, and
n 2 to 10 days, averaging 6, in the control series

In summary, the immumzation of rabbits with killed T pal-
lidum suspended n water i o1l emulsions after Freund, with or
without the simultaneous mjection of an adjuvant antigen (killed
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tubercle bacith), did not cause the development of demonstrable
resistance to infechion with ' pallidum  There was, however,
an indication that such 1mmumzation may perhaps have senst
tized some of the rabbits to T pallidum  The incubation period
on intiadermal moculation with live organisms was decreased,
and one of the five experimental rabbits developed an erythema
tous wheal 24 hours after the mjection of a heat-hilled suspen
ston of the organisms

DISCUSSION

Every one of thirty seven rabbits mnjected mtravenously with
a total of 44 to 38 bithon T palhdum in aqueous suspension
developed positive Wassermann or floceulation tests (comple-
ment fixation and precipitation wath alcoholie extracts of beef
heart) 1n significantly increased titer The dilution titers of
these tests 1n the normal serum controls varied from 0 to 1 4,
averaging less than 1 2, the titers 1n the immumnized series rose
to as Ingh as 1 96 This antibody response reached 1ts maxi.
mum levels within 2 to 3 weeks, and thereafter either remamed
constant during the period of mmmunization or, mn two exper:-
ments mvolning the continuing injection of large numbers of
orgamsms fell steadily in the course of the followmg 6 to 7
weeks

The organicms used m these experiments were derived from
rabbit testicular chancres, and the suspensions of necessity con-
tamed tissue extractives The present experiments therefore do
not constitute a rigorous demonstration that Wassermann and
flocculation reagin 1s a specific antibody to T pallidum The
possibility remains that the tresue extractives contain a haptene
activated by the treponematal protein to form a complete antigen
Howeer, there are two aspects of the present experiments which
make that explanation unlikely The first i1s the demonstration
that control amimals injected with extracts of normal testes,
erther with or without the addition of non-pathogenic Reiter
spirochetes farled ta develop thesd antibodies One would there
fore have to assume either that pathogeme T pallidum differs
qualtatively from the cultivated orgamsms i its ability to
activate the tissue haptene to a complete antigen, or that the
syphilitic testes contained a haptenic substituent not present
normal tissue The second pownt 1s the present demonstration
that sedimented organisms containing only minute amounts of
tissue extractives were just as antigenic as the crude chancre
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emulsion from which they had been concentrated The simplest
expltnation of the present data s that Was<ermann or floceula-
t10n reactivity induced by the mnjection of these organims, and
presumably also the simlar “reagin” elaborated during syphi-
litic infection, represent an antibody response to pathogenic T
pathdum  Ths was the thesis omginally postulated by Wasser-
mann when he developed the complement fixation test for syphi-
his which bears his name, and which was apparently negated by

'the subsequent demonstration that alcoholic extracts of normal
mammaban tisste could be used as antigen Qne need only
assume that the treponemata and the mammalian tissues con-
tamn an mmmunologically related antigen The final demon-
stration of that fact must await either the cultivation of the
pathogensc orgamsm, or the preparation of suspensions suffi-
ciently concentrated or sufficiently free from tissue extractives
to warrant their chemcal fractionation or their use mn cross-
absorption esperiments  Atterapts in this direction are now in
progress

Paradoxically, the ¢ immunized ’ rabbits 1n the present series

did not regularly develop a sigmficant resistance to infection

Intradermal moculation 1n some expermments with as few as 10
treponemata, regularly resulted mn a typteal darkfield positive
primary lesion at the site of wnoculation, whether the amimals
had been 1mmumzed with totals of 30 milhon organisms intra-
dermally, 537 million orgamsms subcutaneously, 44 to 38 bil-
lion organisms intravenously, or 130 to 1040 million organisms
m an ol m water emulsion, admimstered over periods which
varied from 13 days to 4 months Recently, Magnuson, Halhert
and Rosenau® have also reported failure to produce a sigmifi-
cant measure of resistance to infection by the injection of patho-
genic T palltdum suspended m oil i water emulsions of the
type here used

Three of five immunized rabbits which were challenged by

the ntratesticular inoculation of ten orgamsms failed to develop
a primary lesion, while every one of five suultaneously 1noculat-
ed controls was infected In the one such ammal tested, there
had been an asymptomatic infection, the organisms having dis-
seminated without produeing a primary lesion at the site of
moculation The significance of this observation, in the light of
the results after mtradermal inoculation, 13 open to question
The at best small measure of resistance to infection 1n these
artificially immunized rabbits contrasts sharply with the fact
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that 1n the course of an actual infection the animals develop a
solid 1mmunity, to the degree that after they hate been cured
moenla of many miilion orgamsms fail to produce eten an
asymptomatic second infection FEqually paradewuical, and per-
haps related to the foregoing, 1s the fact that the mmumnzed
ammals, while developing antibodies to a non specfic antigen
{alcehohe extract of beef heart), failed to develop anhbodies
directly active against the treponemats! suspension itself The
or were not I agglutinated, the sera did hot
gne spearfic complement fisation with the treponematal suspen-
stons, and &s few as ten hiving orgamsms incubated for 1 hour
with a high titered (Wassermann and flocculation) serum from
an ynmumzed amimal, retamned therr infectiousness on anocnla-
tion into a normal ammal It is possible that the rabbits had
been overmmmumzed, and were in 2 “‘negatny e phase” at the time
they were tested for resistance to imnfection, or at the time theiwr
sera were tested for direct antitreponematal reactivity There
1s the future possiility that the surface of the organisms con.
tamns & relatively non antigenic material, and that the most ef.
fective antigen 1s mtracelular This might explamn the develop-
ment of serum antibodies which cross react tn lugh titer with
non specific antigens, despite the absence of reactinity {specific
agglutination, complement fixation, hysis, or protection) with
mtact T pallidum However, this would not explam the pro-
nounced immunity which develops m the course of actual s3phn
hific ypfection, but not 1n rabints mmmumnized with killed organ.
1sms The final, if unlihely, possibihity 15 that in none of the
animals was there an antibody response to the treponemats as
such, ang that the Wassermann reagm was an antibody response
to the small amounts of tissue extractives present in the tre-
ponematal suspension Under ordinary circumstances, those rab-
bt extractines are nron antigeme for rabbits, even if injected
simultaneously with cultured treponemata The pathogenic or-
gamams may nevertheless possess 4 umague abihty to activate the
h 1 tissue hapt to a plete antigen

Of particular interest 18 the fact that m one series of animals,
njected with organisms suspended 1n an ol m water emulsion,
there was 2 suggestion that some of the rabbits ma; have been
sensitized to the trep by the preceding 1 tron
The mcubation period on intradermal moculation wath small
pumbers of orgamsms was decreased, ang one of five rablats re-
acted to the mtradermal mjeetion of hilled organisms The pos-
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1ble relationship of this observation to the late manifestations
f the disease, 1n which relatively small numbers of organisms
yroduce a disproportionately large tissue reaction, 13 apparent

SUMMARY

The ntrasenous mjection of suspensions of dead T. pallidum
into rabbits regularly caused the appearance of Wassermarm
and flocculation antibodfes 1n sigmficantly increased titer Con-
trol suspensions of cultured treponemes (Reiter strain) added to
extracts of normal testes were meffective The probable inference
1s that the Wassermann and flocculation reagin elaborated dur-
mg syphibtic infection 1s an antibody to T. pallidum which hap-
Pens to cross-react with alecholie extracts of mammalian tizsue

The antisera did not cause the agglutination of suspensions of
pathogenic T pallidum, Iiving or dead, did not give specific com~
plement fixatign with those suspensions, and did not cause the
living treponemata to lose their infectiousness

Ammals immunzed with such aqueous suspenstong for as long
as 4 months, or with organisms supended 1n a water-in o1l emul-
ston, were not demonstrably resistant to infection As few as
ten living organisms mnoculated imtradermally mnto anmmalg “1m-
mumized ’ with as many as 38 allion dead treponemata regularly

produced typreal darkfield positive infections, and two of five
ammals mnoculated intrat larly with ten or were also
mfected.

The contradiction mvolved 1n the production of antibodies
cross-reacting with a npon-specific antigen, and the non appear-

ance of specific anttbodies agamnst the organism used as antigen,
are discussed m the text
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STUDIES ON THE ANTIGENIC CONSTITUTION OF
THE RLCITER SPIROCHETE

By
Abraham Gelpermn and Menfred M Mayer*

Studies by Beck® and Kolmer” have shown that agglutination
and complement fixation tests with nonpathogenic strains of
spirochetes such as Reiter, Kazan, Kroo, Nichols and Nogucht
yield a ligher percentage of positive reactions in sera from
patients with syphilis than in normal sera The utihity of such
spirochetal antigens m the diagnosis of syphilis 18 negated by
the occurrence of nonspecific reactions 1n a significantly higher
percentage than with beef heart antigen However, 1t appears
possible that a higher degree of specificity may be achieved
with purified antigens obtamned by fractionation of spirochetes
Limited attempts in this direction have been made by Beck!
and by Kolmer” who reported precipitin and complement fixa-
tion tests in Wassermann positive sera with a tryptic digest of
Reiter S, pallida as antigen The present studies are a continua-
tion and extension of this work

* From the Department of Bacteriology, Johrs Hopking University,
School of Hygiene and Publie Health, Baltimore, Maryland

These studies were supported jointly by prants from the Diviston of
Research Grants and Fellowships, National Institute of Health, U S Publie
Health Service and the International Health Division of the Rockefeller
Foundation
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The Reiter spirochetes were grown mn 2 Brewer-type thiogly-
collate medium, heavily buffered with disodium phosphate, and
containing no agar 'Ten per cent by volume of heated humdn
serum was added Cultivation was carried out in large Erle-
meyer flasks or narrow-necked bottles of 620 liter capacity
Constant, gentle agitation of the culture throughout the entire
period of growth was effected by means of a magnetic stirrer
The spirochetes were harvested after 4.5 days 1ocubation at
37° C, lailed with formalin and washed repeatedly with salme
1 the cold (4° C) The orgamisms were then washed with
acetone, dried, and the resulting powder was homogenously sus-
pended 1n distrlled water and digested with trypsin at pH 80
Yields of 200 240 mgs of dried spirochetes per hiter of culture
usually were obtamed

The mulky flmid resulting from digestion was centrifuged at
850 g to remove spirochetal detritus and then centrifuged at
approximately 23,000 g The grey white precipitate obtamned
was designated fraction K, the very shghtly opalescent yellow
supernatant from the high speed centrifugation yelded two
more serclogically active fractions, L. and M, after addition
of absolute alechol to final concentrations of 67 per cent and
80 per cent, respectively The K fraction was purified by three
cyeles of centrifugation, collecting the material sedimented at
23,000 g, but not at 850 g The L and M fractions were purified
by three re precipitations with absolute aleohol at concentrations
of 67 per cent and 80 per cent, respectively, in the presence of
4 per cent sodium acetate

Fig 1 presents the results of physical and chemical analyses
of the three fractions It 1s noteworthy that X, as 1solated by
dualysis against distilled water, contains no sodium, while L and
M, also dialyzed, contain conwiderable amounts The mtrogen
content of K 1s quite low, subfractionation of a portion of K
ndicated that the small amount of mitrogen present 1s an im-
purity The phosphorous content varied considerably, probably
as a result of incomplete purification Mohisch reactions were
positive 1n all fractions The Biuret test was negative mn K only
Optical and viscosity measurements could not be obtained on K
because of 1ts physical characteristics, in L and M an interesting
difference 1s noted, 1e, L 15 dextrorotatory and M 1s levorota-
tory Relative viscosities of the L fractions were significantly
higher than those of M

Both L and M contain considerable amounts of nuclete acid
as measured by ultraviolet light absorption, the larger amount
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FIGURE 1
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bewng present m L Fraction L was subjected to electrophoresis
which revealed the presence of three major components The
fastest component had a mobility compatible with nucleic ncid
and was separated Propertles of this component Lle are
recorded in the last column of Fig 1 the mtrogen phosphorous
ratio and character of the ultraviolet absorption curve show it
to be nucleic acid

Fractions K L and M gave precipitin reactions with rabbit
antisera agamnst the whole Rerter orgamsm (Fig 1) Fraction K
behaved as 2 single wntigen and removed almost all of the agglu
timn antibody 1t also removed all antibody to L and M Trac
tion L 1s not completely pure in 1ts precipitin behavior it
remotes about 65 per cent of the antibody reactive with K and
all the antibody to M Fraction M 1s quite impure The immu
nological relationshipstbetween K L and M are shown in Table
I

Sera from rabbits and humans with and without syphilitic
infection have been exammed by precipitin tests with fractions
K and L In most instances the tests with sera from syphilitic
animals contarmed larger amounts of precipitate than those with
normal sera However n view of the fact that many normal
sera contain small but defimte amounts of antibody reacting with
K and L the value of this reaction s a diagnostic test 13 ques
tionable Only prelimmary work on this aspect of the problem
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Fig 1
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has been accomphshed Purer antigens and the testing of large
numbers of sera, will be necessary before any conclusions can
be drawn

‘We have confirmed quantitatively (Table ITI) the demonstra-
tion by Beck and Kolmer that Reiter spirochetes react with an
antibody other than that reacting with beef heart intigen A pool
of sera from three patients with secondary syphilis yielded 41
wg of mtrogen precipitated by K and had an Eagle flocculation
titer of 82 u After absorption with K, the flocculation titer was
unaffected, while absorptron with Kahn antigen floccules resulted
n a negative flocculation test, although K still precipitated 40
pg of mtrogen

TABLE It
Immunoleg cal Relat ons Among K L and M Fract ons

Ant g Precipitat on with Rabbit Ant: Reiter Serum
for tests
Unabsorbed l Abs wah b l Abs wuh L | Abs weh M

I8 ‘ Y l + 4 i
L vy Z P
M ++ — - +

Agal trer

of nhole 1024 15 Fuaaas
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TABLE IIf
Independence of Antibody to h and Wassermann Ant body
Ay‘;?egden Precipitation and Flocculation with Human Syph Serum
for tests
Unabs , Abs with B ’ Abs_with Beef Heart Anticen
N $tngN & q ; 40 N
Eagle 32unts ' 52 units l [

It has also been found that the K and L fractions derived
from the Reiter strain react with antisers prepared agamst the
Kazan and Nichols stramns, as well as a stramn of 2 mouth spiro-
chete (S26) Sufficient data are not yet available to give 8
quantitative expression of the degiee of relationship The cross
reaction with the mouth spirochete would explain the presence
of traces of antibody to Reiter antigens in normal sera

The information at hand shows that significant antigen rela-
tronships exist between virulent T pallida and the various non-
pathogenic spirochetes, in confirmation of earher work with
whole orgamsms
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PHENOMENA OF DISCASE IN RAEBITS FED CHOLES-
TCROL AND INFECTED WITH TRCPONEMA
PALLIDUM

A Preliminary Report
By

¢ N Fra~er, C. D Boyd, E Grunualdt, E Barker, and
M Dauis*

Tt was our purpose to mnduce the localization of Tieponema
palhdum m the aorta of the rabbit damaged by the feeding of
cholestersl It was thought that cholesterol mizht cause a lesion
of the blood vessel which would be a favorable focus for the
pathogenic activity of this organmism

Although the experiment has not progressed far enough to
allow any statement as to the possibility of achteving this objec
tive, certain observations have been made on the nature and lo
cation of the mjury resulting from the deposition of cholesterol,
and on the apparent localization of sypmlitic disease i one of
ihe affected tissues, namely, the ocular s

Wathout going into the detais of the experiment, it 1s suf-
fictent to state that 25 male rabbits were fed daily 100 gm of
Purina rabbit food in the form of pellets which were coated with
05 gm of cholesterol m cotton seed o1l Animalg that were fed
the cholesterol diet for 63 days developed well-Gefined atheroma-
tous lesions of the aorta These first appeared on the intma dis
tal to the larger effluent branches of the norta and were of such
a shape as to suggest a relationship with the tuibulence of the
blood stream at these locations The aortic arch became mnvolied
1 the ascending iransverse and descending portions In some
ammals atheromatons changes extended along the entire length
of the thoracic and abdonunal aorta The pulmenary arteries
were also imohved Less often the renal arteries showed small
atheromatous lesions Of interest was the mvolvement of the
aortic cusps and the coronaly ostia The coronary arteries, oo,
were infiltrated and stiff In 3 anmals, which were examined
ather]cmatous changes did not eatend mto the cerebral blood
vessels

This report 15 concerned chiefly with the visible lesions pro

* I'rom the Department of D 'y and Sy v of

Tevas Galveston, Texas This work was supparted by a grant from the
National Institute of Health U S Public Health Service




Log1]

duced by cholesterol 1n the 13 of the eye and with the apparent
response of these lesions to syphilitic infection

At about 100 days after the feeding of cholesterol began,
xanthomatous deposits were found in the irides of 6 rabbits
Four of the anmmals were albmos and 2 were pigmented breeds
By the 120th day of feeding the lesions were well developed and
encircled the iris at the periphery, extending half way across its
width toward the pupillary margin

After 119 days on cholesterol, the ammals had reached the
limit of tolerance, and the feedmg of cholestz10] was stopped
At that time the total cholesterol 1n the blood ranged from 0 648
gm to 3 438 gm per cent The normal range of total cholesterol
1n the blood before treatment was from 0032 gm to 0216 gm
per cent After the feeding of cholesterol was stopped, the choles
terol content of the bload fell to within normal linmts 1n from 49
to 150 days As time went on the xanthomatous lesions of the
113 show ed evidence of resorption This was 6 months after feed
ing had stopped One hundred sixteen days after discontinuing
the cholesterol, and when the xanthomatous lesions were at maxi-
mum size, 14 animals were fed cholesterol and 15 antmals not
fed cholesterol were 1noculated intratesticularly with the Nichols’
stramn of T'r palhd All1 lated animals developed
an orchitis The mean incubation period of the cholesterol fed
rabbits was 14.9 days and that of the unfed controls was 181
days

Shortly before the development of metastatic orchitis of the
umnoculated testis, 4 of the albino rabbits with xanthomatous
irides shoned signs of mrtis There was prominent vasculariza-
tion of the s mn and around the xanthomatous lesions, and
prominent circumcorneal congestion adjacent to the lestons
Tre 2 ammals with pigmented irides and xanthomatous deposits
showed no circumcorneal congestion There was no evidence of
1ritis 1n the animals not fed cholesterol except that in one anmal
2 transient congestion around the cornea was observed

The mean time of appearance of iritis was 34 5 days after
mnoculation Except 1in one ammal, this was somewhat sooner
than the time at which signs of a metastatic orchitis appeared
All the cholesterol fed rabbits developed a metastatic orchitis
at a mean of 44 4 days after moculation Only 7 of the 15 ammals
not fed cholesterol had a metastatic orchitis In these rabbits
the mean time of appearance was 547 days after inoculation
In the 4 ammals that developed mritss, the lesion persisted for
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14, 86, 43, and 209 days, respecttvely, and healed spontaneously
without any gross re.idual scarring

Another series of 4 rabbits were fed cholesterol 1n cotton seed
oil i the same amount after they had been mnfected with Tre-
ponema pallzdum for 324 days All the demonstrable lesions of
syphihs had long simnce disappeared In one rabbit, an albino,
santhomatous lesions of both 1irides were present 60 days after
the feeding of cholesterol began Ninety days later, which was
477 days after mnoculation and well beyond the usual time of
active syphilific lesions, an iritis appeared 1n both eyes In one
eye the entire iris was involved and the aqueous humor was
cloudy There was no gross evidence of vascularization of the
cornea, but the circumcorneal vessels were deeply congested to
a width of from 2 to 3 millimeters It 1s believed that the iritis
was syphilitic 1n nature

Although 1n no case has an attempt yet been made to 1solate
the orgamsms from the iris and cihary body of the affected
eyes, or from the eyes of ammals that did not develop intis, 1t
would appear from the observations just described that the
<anthomatous lesions served to affect the response of these tis-
sues to syphilitic infection Whether a similar 1esponse occurred
1 other tissues mjured by cholesieral remains to be determined
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EXPERIMENTAL MOUSE SYPHILIS
I ORGAN DISTRIBUTION OF THE
INFECTIOUS AGENT

By
Paul D Rosakn, Boris Gueft and Catharme L Rowe*

The standard method for the assay of penicillin preparations
n the treatment of experimental syphihis employs the rabbit
as the test ammal and requires a total elapsed time of approxi-
mately nine months before results are available Recently Rake!
and Turner? and their associates have reported on assay methods
which not only shorten this period, but ntilize smaller quantities
of the test drug for the complete assay In a consideration of
this problem, 1t was believed that the mouse could probably be
substituted for the rabbit as the assay anmmal Accordingly a
study of the Literature on mouse syphihs was made i order
to obtain background for the development of a mouse assay
method From this review? 1t became apparent that there existed
numerous conflicting reports and unconfirmed findings, and that,
therefore, 1t would be necessary to restudy certamn aspects of
the biology of syphilitic infection in the mouse The present
report describes our findings on the organ distribution of the
infectious agent of syphths i the inoculated mouse

Kolle and Schiossbergers m 1926 first discovered that the
mouse develops an asymptomatic infection following 1noculation
with virulent treponemes This infection 1s readily demonstrated
Dy the 1njection of an emulsion of tissue from the asymptomatie
mousc 1nto the testicle or skin of a rabbit, at which site a sypht-
loma rich n treponemes makes 1ts appearance after a short
mecubation pertod Whether or mot the mouse tissue harbors
active treponemes, or granular or invisible variants of tre-
ponemes, 18 not the concern of this commumcation Thig aspect
of the problem has already been reviewed clsewhere’® We our-
selies have never identified trep an darkfield e 100
of mouse material proved by rabbit subinoculation to be
fectious

Almost all of the previous investigators have studied the dis

* From the Laboratories of the New Britain (Conn) General Hosprtsl
and the Department of Pathology, Yale Umiversity School of Medicine
Awded by 2 Grant from the Research Grants and Tellowships Division
National Institute of Health
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tribution of the agent of syphilis 1n mouse tissues by rabhit
subimoculation with emulsions of pooled fissue obtained from
several mice Ths technique effectively demonstrates the pres-
ence or absence of the infectious agent in the pooled materral,
but gives no indrcation of the proportion of mfected mice m an
moculated group Because this information was of major import
1n the development of a bioassay method, our study was based
on a uniform techmique, 1 e , the moculation of an organ emulsion
from a single mouse nto a single rabbit  If the rabbit developed
a darkfield posttive leston at the site of moculation, the infectious
agent of syphilis was considered to have been demonstrated 1n
the mouse organ constituting the 1noculum

MATERIAL AND METHODS

ANIMALS All mice were of the white hybnd variety, the
50 called ‘Swiss” type Male mice were employed predom-
nantly Dost of them were serually mature of varying ages In
a few tests newborn mice were inoculated and 1n others, mice
one, two and three weeks old were utilized The rabbits were
of mixed breeds, all males, weighing from five to seven pounds
at the time of moculation

HousING AND FEED Orniginally small groups of mice were
mamtained 1n a single cage, but later 1n the mvestigation 1t
was found necessary to segregate them in individual compart-
ments They were fed commercial food pellets and a free supply
of water Rabbits were housed 1n individaal eages, and 1eceived
compressed food pellets and an adequate amount of water All
anmals were kept m large well lluminated rooms, mamtained
at a temperature of 65 70° C

MoUSE INOCULATION Rabbits infected wrth the Nichols
stran of T pallidum served as the source of the infectious agent
Active testicular syphilomas from toutine passage rabbits were
excised, minced, and ground 1n a mortar with saline The result-
g emulsion was diluted so as to contain from 2-4 treponemes
per darkfield Quantitative enumeration of the treponemes was
not done  The standard imoculum was 02 or 03 c¢ of this emul-
s10n “Two routes of moculation were studied, the intraperttoneal
and the subeutaneous  Other 1moculation methods, intracerebral,
ntratesticular, intravenous, and mtradermal were not employed,
because they mvolved procedures not readily adaptable to a
broassay techmque Following moculation all mice were care-

fully observed for the development of localized specific lesions
None was noted
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RaBBIT INOCULATION. After the lapse of varying periods
following tnaculation, the mice were sacrificed by ether mnhala-
tion  Five tissues were studied. 1. Blood—Immediately after
death the pericardium was opened, and blood asprated from
the heart with needle and syringe An average of about 05 c¢
was obtaned, and this was moculated into one or both iesticles
of a single rabbit 2 Brawm~The sealp wag reflected and the
calvarium hifted off the brain This was then removed, placed
i & mortar, ground up with about 1 cc of salme, and 05 cc
mjected mto each testicle of a rabbit The entire bran of one
mouse thus constituted the moculum for one rabbt 3 Shu—
The dorsum of the mouse was shaved closely, swabbed with
aleohol, and a strip of <kin usually measuring about 1 x 3em was
excised This was ground in a mortar with about 1 cc of sahne,
and half of the resul i was lated 1nto each tes-
ticle of a test rabbit The excised skin site was taken at random,
and had no relation to the origmnal site of the mouse moculation
4 Spleen—~Under sterile conditions the spleen was excised,
ground n a mortar with approximately 1 ce of saline, and the
resulting emulsion was inoculated 1n its entwrety into the night
and left testicles of a single rabbhit 5 Lymph Nodes—All aval-
able lymph nodes were removed from the mouse under exami-
nation  These wcluded the mgumnal, periaortie, axallary and
subclavian groups They were then pooled 1 2 mortar, ground
with 1 cc of salme, and the entire emulsion moculated into the
right and left testicles of a smgle rabbit In some expermments
all five tissues enumerated above were obtamned from a single
mause and each tested by 1noculation mto five different rabbits
In other expersments two or three tissues from a single mouse
were checked for mvasion by submocunlation mnto different rablbits
In most of the experiments, however, a sigle mouse organ was
subject fo the rabbit test for the presence or absence of the
mnfectious agent

Followng meculation with mouse tissue as described above
1he tesf, rahhuie wera ohserved hy {remuent, climical axamunation
ANl suspiclous testicular lesions were subjected to darkfield
examnation When this revealed treponemes, the mouse tissu¢
formng the moculum was considered to have been invaded by
the nfectious agent of syphihis Al negative rabhts were ob
served for 90 days, at which time, If still negative, the expers-
ment was terminated
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RESULTS

1 SUBCUTANEOUS INOCULATION In Table I are shown the
results obtamed following subeut: mouse lat The
duration of mouse infection varied from 27 to 90 days before
the excised organs were subinoculated into rabbits as a test of
mfectivity 'The lymph nodes from all of 18 mice produced
lestons 1 rabhts, but only 7 of 34 mmce, or 21 per cent, had
bramns which gave evidence of invasion Skin showed a high
proportion of positive results, 16 out of 20, or 80 per cent, while
12 of 21 mice or 57 per cent had spleens, and 3 out of 11 nuce
or 27 per cent had blood which produced darkfield positive lesions
n subinoculated rabbits It should be noted that at 45 days

TABLE I

D stribut on of Infectious Agent of Syphslis n Mou ¢ Organs as Determ ned By Intra
Test cular Sub noculation Into Rabb s M ce Inoculated Subeutsneonsly

Dutation of Mouse Qcgan
ouse
Infect on Blood Skin Spleen Bran Nodes
Days
27 - — 1/2 2/2
4>49 yn 9/10 712 1/20 14/1¢
57 - = R, 0/2 212
90 7/10 5/9 5/10 R
27 90 3/11 16/20 12721 7/34 18/18
27 3% 80 0% 57 1% 20 677 1009

* In th s and subsequent tables the denom nator of all fract ons od cates the
number of m ce tes d and the numerator the number of pos t ve m ce

following moculation, only 3 out of 11 mice had blood which
produced lesions 1n rabbits even though the lymph nodes of
all of these mice harbored the infectious agent of syphihs

The distribution of positive lesions 1s homogeneous in those
categories where comparisons can be made within the vertical
columns of the table, except in the case of the bramn In this
stance, 2 out of 24 mouse brains tested 1n from 27 to 57 days
after subcutaneous inoculation were positive, as compared with
5 of 10 mouse brawns tested after an incubation period of 90
days (Table III} The diference hetween these two groups
1s signuficantly different (Chi-square — 7 8, P — 0 01), indicating
that within the time limuts studied, increasing the duration of
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infection n the subcutancously inoculated mouse incrensed the
probability of brain invasion With regard to spleen and skin,
the only two other mouse organs for which comparatie data
are available, there was no mndrcation that increasing the infec-
tious period in the mouse affected the proporfion of positive
results

2 INTRAPERITONEAL INOCULATION* Table II summartzes our
findings with intraperitoneally 1noculated mice Of 35 mice
tested 1 from 10 to 90 days following injection, 27 or 77 per
cent had bleod which produced darkfield positive lesions in rab
bits Mouse skin, spleen, brain and lymph nodes were studied
following mouse wnfection varying for 10 to 169 days With
skin, 30 out of 62 tests were positive, or 48 per cent Of 55 muce
whose spleens were moculated into rabbits, 839 or 71 per cent
produced darkfield positive lestons Of all organs studied, mouse
brain was least frequently invaded by the infectious agent of
syphilis  Only 81 per cent, or 27 out of 88 brains, were positive
Lymph nodes on the other hand, were most frequently invaded,
for 91 out of 98 tests or 93 per cent were positine

TABLL II

D str but on of Infect ous Aent of Syph 1> n Mouse Organs as Determmned by In
tratest cular Sub noculat on into Rabb'ts M ce Inocu ated Intraperitoncally

Durat on of Aou ¢ Orran )
o s " ~
Infect on Elood Shn Spleen Bran Nodes
Davs
10-14 274 274 14 117 15/16
20 53 56 1/6 € 1 1/t
1> 5710 10 29 1427 7726 9/10
£6-50 1215 1219 13/19 310 28/30
100 16> 24 234 15 20 28/31
10 169 27/35 0/6 3955 29758 9198
771, 4547, KR 3070, 979%

The duration of mouse infection, within the time himits shown
1 Table 11, did not alter the frequency of positive results with
any organ except bramn In this mstance 12 of 68 brains tested
in from 10 to 90 days after intraperitoneal mnoculatron were
positive, or 18 per cent, 1n contrast to 15 positive brains out of
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20 tested 1n from 100-169 days after mouse injection, or 76 per
cent (Table III) These two values are significantly different
(Chi-square = 24 15, P == 0 01). As with subcutancous mocula-
tion, mereasing the pertod of time elap.ing between 1ntrapers-
toneal inoculation and the 1abbit test, inereased the probability of
mouse brain invaston

TADLL 111

Frequency of Mouse Bra n Insas on Following Subeutaneous or Intrapentoneal
Inoculat on

Subcutaneous Inoculat on Intrapentoneal Inoculat on

Duration of Duration of
fouse Result Sfouse Resuft
Infect on Infect on
Day. % Davs %
757 2724 83 10-90 12/68 176
kil 5/10 50 0 100 169 15/20 750

3 COMPAPISON OF SUBCUTANEOUS AND INTRAPERITONEAL
RoUTEs OF INOCULATION If 18 now possible to compare the
results of subcutaneous and intraperitoneal moculation, as shown
m Table IV All of the previously cited findings are here -
cluded, with the exception of these for brain In this instance
there have been excluded the observations on subcutaneously
moculated mice whose brains were tested at 90 days, and of
ntraperitoneally moculated mice whose brains were checked for
mvasion at 100-169 days These values have been omitted from
the table because as has been shown, they sigmficantly differ
{rom the results obtumed at shorter intervals following 1mocu-
lation A comparison of the subcutaneous and intraperitoneal
routes of moculation shows no sigmficant differences in the pro-
portion of positive results with blood, spleen, bram or lymph
nodes A difference of sigmificance does, however, exist with
skin Of the subcutaneously moculated mce whose skin was
tested, 16 out of 20 or 80 per cent gave positive results, as con-
trasted to 80 out of 62 mice or 48 per cent whose skin was
checked for imvasion following mtraperitoneal inoculation This
difference 1» significint (Chi square—=6 19, P=0 01-0 015) Sub-

cutaneous imoculation 15 thus the procedure of choice to secure
skin invasion
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TABLE Iv

D stnbat 03 of Infectious Aseny of §) hils 1 Vouse O, RO o
LIRS 3
3 p Touse Organs Lk

Duraton of

Mouse Made ot
Orsan lnc:uhl on I:f‘::‘:s;n Re ok
——————
Blood Subeutancous Dy 7
Intrapentoreat 10590 2;/1'}5X ;77 t’
5 Subcutancous 457
0
latraper toneal 16-169 3’!?/2‘23 fg 2
< NS
D een abeutaneous 43 %0 12/21 71
I trapento esl 10-169 39;55 09
Bran Sub atancous 278 2 83
Inteapectoncal 10-70 12768 176
Nodes Sppvraneons 27~37 1513 109
10 169 91/98 929

Intrapento eal

1 INCUBATION PERIOD Table V summanzes the incubation
persod i the rabbat follow ang intratesticulrr moculation of vars
ous tissues derned from subcutancously snoculated muce The
mettbation period is here defined as the nterval between mira-
tosticular rocuietion of mouse materinl, and the development
of a darhfield positive lesion i the rabbit  Analysis shows no
significant heterogeneity between the different classes of mouse
organs The mean incubation pertod for the 56 posstive mause

TABLL V

The Interal (In uhat on Pec od) Bet een Inoculat on and the Development of
Dardnetll st cleso s nthehab  Folo ngIntra est eular dnoculation
W Infected Mo 3¢ T sue Meel ocu?:(td Subrutantously

N Incabaron Perod n Rabbt
o
xr\;: Aamun Maz mum Alesn
Days Days Diays
1wt t ¥ 1) [
R b Q 0 ;9
AR u 133 [ A
1. N w0 5 Jj
Noves 18 i 4 ¥
e | smmmanrnstran e
T %
t o 14 5
T SISt




[43]

tissues was 38 2= 256 days  The shortest incubation period was
27 days, obtained with lymph nodes, and the longest was 64 days
follow ing 1noculation with mouse spleen

The 1ncubation period 1n the rabbit when subinoculated with
various organs from intraperitoneally infected mice 13 shown mn
Table VI The shortest incubation period was 21 days with
lymph node material Of the 214 observations 8 or 3 per cent
exceeded 60 days One of these was 84 days with blood as the
moculum, two (67 and 69 days) resulted from sk 1noculation,
two (66 and 70 days) followed spleen moculation, one (62 days)
resulted from brain moculation, and two (81 days each) fol-
lowed 1noculations with lymph nodes With 91 lymph node tests,
only 2 per cent resulted 1n meubation periods exceeding 60 days

TABLE, VI

‘The Interval (Incubat on Per od) Between Inoculat on and the Development of
Darbfeld Pos tve Les ony n the Rabb v Follow ng Intratest cular Inotulavion
W th Infected Mause Tussue
M ce Inoculated Intrapentoneally

Incubat on Ter od 1n Rabbit

Mouse No
Qrgan M mum | Max mum Mean
Days | Days Days
Blood 27 33 84 a3E18s
Skn 30 23 67 93%17
Spleca 39 33 ) 0713
Ban 27 31 62 376+ 145
Nodes B 2n 8l 339 %083
Total 214 2 8t 373 061

The mean incubation period ranged from 339 days with
lymph nodes, to 41 8 days with bloed There were no significant
differences among the values for blood skin, spleen, or bram,
but all of these sigmficantly exceeded the value for lymph
nodes which gave the shortest mean mcubation period

5 POOLED ORGANS As has been mdrcated, our primary ob-
Jective 1n these studies was to develop a mouse test for the
bicassay of pemerlhin  One such technique now seemed feasible
The 1nfectious agent of syphilis had been demonstrated in the
skin of a high proportion of mice moculated subcutaneously
A test of mfectivity of a subcutaneously inoculated mouse could
now be done, employing a portion of 115 skin obimned by bopsy
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If this were posiine, 1e, 1f 1t produced a darkfield positive
lesion i the rabbit, the mouse could be treated, and subsequently
another section of 1its skin could be put to the rabbit test to
determine 1ts infectivity following therapy Although techmeally
feasible this procedure was not destrable because 1t would involve
a prolonged period of observation, approaching that required
1 the orthodox rabbit assay method

It was noted that all of 25 mice were shown to be infected
as evidenced by a positive result i the rabbit with one or another
of three tissues tested from each mouse, 1 e, blood, spleen and
lymph nodes A group of 30 mice werc therefore further studied
At 45 51 days following intraperitoneal inoculation, the muice
wete sacrificed and the excaised Iymph nodes and spleen of each
were ground 1n a mortar with blood from the same mouse as the
emulsifying agent Half of the resulting emulsion from each
mouse was mnoculated mto each testicle of a single rabbit Dark-
field positive lestons developed m only 23 of the fhurty test ami-
mals Because these results did not nearly approach our success
with lymph nodes the use of pooled organs was disearded as a
test for cure following pemeillin therapy

G ASYMPTOMATIC INFECTION IN RADBITS Rabbits inocu
lated v 1th mouse organ emulsions were frequently clinically
negative even though the rabbit test with other organs from
the same mouse produced chinical and darkfield positive lesions
It was obviously desirable to test the presence of asymptomatic

TABLL VII

©- ¢ of Po | teal L mph Node Sub noculat ons From Rabb 13 Wh ch Fal
edto De cop Clncal Leso s Follo ng Intratese ular Inoculat on W th Var
ous Or,ane From Infe ted M ce

Route of Mou ¢ Results of Sub nocula
Inocu at on Tat | ton of Pop teal Lymph
Mou ¢ Ratbts Nodes From Cln cally
Urgans Cnely | Neztve Rabbs
Subcuta I tra Newt e | T
evus pe oncal Negant e Post e
S n 1 H 15 15 0
Sgleen 4 7 11 11 0
tran 9 6 15 1> 0
Notes 1 1 1 0
Peo ed Tood
Spleer Nodes [ 6 6 [
v
Total 4 34 43 48 4
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infection 1n these climeally negative rabbits As shown in Table
V11, 48 such ammals which had been inoculated with a vamety
of mouse tissues were further studied The poplitenl lymph
nodes were removed, ground with a 50 per cent saline-rabbit
serum muxture, and the entire emulsion moculated mnto a pair
of rabhits In not a single such test was a climeal or darkfield
positive lesion produced in the submoculated rabbits This nega-
tive result gave convincing assurance that under the conditions
of our experment when a clinically demonstrable lesion failed
to develop 1n the rabhit at the site of moeulation, the wnoculated
rabbit was 1n fact not infected

7. AGE AND SEX OF INOCULATED MICE Most of the mice 1n
these nvestigations were males, but the few female anmmals
utilized were as easily infected as were their brothers Moreover
age conferred no immumty Mice of all ages including newborn
ammals were inoculated with success as shown by subsequent
{ransfer of tissues into rabbits The organ distribution of the
nfectious agent was apparently not mfluenced by either age
or sex

DISCUSSION

The studies herein deseribed differ from previous investiga-
tions of a sumular nature 1 two important respects which are mn
reality dual aspects of o single principle Earlier investigations
employed pooled material from several infected mice for sub-
moculation mnto more than one rabbit as a test of infection
Father of these procedures could conceivnbly reduce the number
of orgamsms 1n the final moculum, the first by adding tissue
from mice 1n which infection had actually not been established,
to tissue from muce with bona fide infections, and the second,
by dividing the tissue emulsion among several rabbits If hoth
of these diluting factors were operative m a smgle experiment,
the mimimal infectious dose of treponemes might not be present
mn the rabbit mmoculum, and a negative test would vesult The
technique followed 1n the reported studies effectively elyminated
both of these sources of error The entire organ—brain, spleen,
lyraph nodes, blood, or a large segment of skin—from a movse
under test was emulsified, and the entire emulsion 1noculated mto
a single rabbit  Thus 1f the mimimal infectious number of organ-~
1sms were actually present 1n the mouse organ, a lesion 1n the
test rabbit would be expected to develop If infection failed to
develop 1n the test rabbit, it 13 « feasible presumption that the
mouse organ constituting the moculum did not contain the mim-
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mal infectious number of orgamsms Magnuson and Eagle® have
found that almost certamly two and frequently a single tre-
poneme will produce a darkfield posttive lesion m the rabbi,
and unpublished observations of our own confirm therr findings
What constitutes the mimmal infectious number of treponemes
for the mouse 18 not within the scope of the present report—
mnvestigations along these Imes are currently being pursued—
but 1t appears that herein lies the solution of the longstanding
controversy as to the existence of a granular or mvisible phase
of the treponeme

Infection could easily be estabhished 1n mice of both sexes
and all ages through subcutaneous or intraperitoneal moculation
with virulent rabbit syphiloma emulstons The route of mocula-
tion exerted no influence on the frequency of 1nvasion of spleen,
brain or lymph nodes, but the subcutaneous technique produced
a significantly lngher meidence of 1nvasion of skin than did the
mtraperitoneal route Bramn was the organ least frequently
mnvaded, while lymph nodes gave evidence of mvasion 1n almost
every instance

The duration of infection mn the mouse did not notably influ-
ence the proportion of suceessful transfers to rabbits except 1n
the case of mouse brain In this instance, both subcutaneously
and intraperitoneally mnoculated mice showed a higher ineidence
of bramn mvasion after Jong infection than after short infection
This finding suggests that 1n mouse brain there 1s either active
multiplication of the infectious agent until the threshold of the
rmummal nfectious dose for rabbits 15 reached, or alternatively,
that the infectious agent slowly migrates to the brain from other
sites, until ultimately the minimal infectious number for rabbits
13 attained therein Neither of these two hypotheses 1s suscep-
tible of proof with the evidence at hand

The mcubation pertod 1n the rabbit following successful inocu-
lation with mouse tissue was variable, but the outstanding char-
acteristic was 1ts comparatively long duration With active
treponeme emulsions from rabbit syphilomas, the average mncu-~
bation period 1n our hands® has been 20 days Mouse tissues
gave average mcubation periods varymg from 34 fo 45 days
If mcubation period 18 a good index of the number of treponemes
1n the emulsion and there 1s evidence? that this 1s so, the pro-
longed 1ncubation period 1n rabbits following moculation with
mouse tissue suggests the presence of comparatively few organ-
1sms 1n the moculum Furthermore this gencralization suggests
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that mouse lymph nodes harbor more orgamsms than other
tissues, because the incubation pertod following moculation with
lymph nodes was sigmificantly shorter than that resulting from
the 1moculation of any of the other four tissues studied

Eagle and his associates® have cited evidence which casts
grave doubt on the existence of an asymptomatic primary syphi-
litze 1nfection 1n the rabbit, and our own findings are 1n precise
agreement with theirs Of the 48 rabbits which failed to develop
2 lesion at the site of inocultion, all had negative popliteal lymph
nodes on transfer to rabbits These three different series offer
conclusive evidence that 1f careful and frequent climeal exami~
nation of moculated rabbits fails to disclose a lesion within 90
days, the rabbit 1s not infected An extension of these findings
to man suggests that syphihs d’emblee 1s non existent

SuMMARY AND CONCLUSIONS

1 The mouse could be infected with T pallidum at all ages from
birth to maturtty

2 Clinical lesions were never noted in several hundred mice
moculated 1ntraperitoneally or subcutaneously, nor were tre-
ponemes ever seen In Innumerable darkfield preparstions
from mouse fissne which on transfer to rabiits produced
active lestons contaiming treponemes

3 All of five mouse organs tested—blood, skin, spleen, brain
and lymph nodes—harbored the infectious agent of syphilis
following intraperitoneal or sul meculation with
T, palldum

4 Following either method of inoculation, mouse lymph nodes
were most frequently and mouse bran least freguently m-

vaded by the mnfectious agent of syphilis

The skin of subcutaneously inoculated mice was more fre-

quently invaded after subcutaneous than after intraperitoneal

injection

The frequency of invasion of mouse bramn was greater after

long periods of infection than after short periods, as a re-

sult of either intraperitoneal or subentaneous rontes of 1nocu-

laton

The mean incubation period 1 the rabhit after suceessful

ntratesticular ioculation with infected mouse tissue varied

from 34 fo 45 days Inoculation with lymph node material

resulted 1n the shortest mean mcubation period

8 Asy tic primary infect 1n the rabbit was not ob-
served
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THE RELATIVE INTECTIVITY OF BLOOD AND GERE-
BROSPINAL FLUID IN SCCONDARY SYPHILIS

By
C.N. Frazuer and H C Pun®

Invaston of the central nertous system of the human host by
Ty eponema pallidum 1s related to the primary dissemmnation of
the orgamism by the blood In 1913, Uhlenmuth and Mulzert
showed that the blood of patients with primary or secondary
syphtlis was mfectious for the rabbit Of 55 eases of primary
or secondary £y plulis, the blood of 43, or 78 2 per cent, when -
Jected 1mto the rabbit's testrs m amounts of 20 ce, preduced a
syphilitic orchites

Within recent years 1t has been demonstrated that the dis-
semination of spirochetes 1n the blood may octur tn man even
before the appearance of any chnically detectable lesion of
syphilis” In one imstance the blood of a donor transmutted a
virulent mfection to the recipient 20 days before the appearance
of a chancre on the pems of the donor and at a time when the
serological tests for syphilis on the donoy’s blood were negatives

In 1908, Hoffman first found that the cexebrospinal flud of
a syphilitic man was infectious for the ape* Since then sey-
eral studies have shown the d of Tr Ihdu
1n the spinal fluid of man during the early stages of syphilis when
the flnd was normal on exammation by the usual Iaboratory
tests In three such studies 1n which the technique of testicular
moeulation of the rabbit was used, from 15 to 20 per cent of the
moculations gave positive results 87 In each case the spnal
flurd was apparently normal with respect to cells, protein, com«
plement fixation, and colloidal gold or mastic reaction

In the last investigation of the problem by Chesney and Kemp,

the spinal fluids of 34 patients were studied®  All patients had
one or more chnical signs of early syphilis and positive sero-
logical tests on the blood None had any demonstrable abnorm.
ahty of the spmal flmd, nor did they have any physical sign of
neurological disease The duration of anfection was from 3 to 6
months, and secondary mamfestations of disease had been pres-

* From the D of D

and Syphilol University of
Texas, Galveston, Texas, and the DepArtment of Medicine, Peiping Umon
Medical College, Perping, China
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ent for from 1 day to 10 weeks Nine of the patients were white
and 25 were Negroes, 18 were males and 16 were females

Posttive ammal 1noculations were obtamed with the spinal
flmd of 5, or 14 7 per cent, of the 34 patients Only fluids wath
cell counts below 9 per cu mm, were used All other tests were
negative, mcluding complement fixation, which was made with
10 cc of spnal flmid From 075 to 30 cc of flud were used for
the mmoculation of each rabbit There was no observable rela
tion between the occurrence of positie inoculations and any
particular type of dary clinical ph of the disease

As disscmination of the orgamsms by the blood takes place
very soon after infection, it must be assumed that invasion of
the central nervous system likew ise occurs early in the infectton
It 1s obvious that once Treponema pallidum enters the blood
stream 1t necessarily 1s carried to the brain and spinal cord, and
to the memnges Just how soon, and with what frequency, the
orgamsms leave the blood to become localized in the extravascular
tissues of the nervous system 1s unknown Some mdication of
this may be had i the frequency with which Treponema pallidum
15 present 1n the cerebrospinal fliud concurrently with its presence
1n the blood stream early 1n the disease It 15 with this aspect of
the problem that we were interested

The study which this paper reports was made i Peiping,
China, on Chinese patients observed at the Peiping Union Medi-
cal College during the years from 1933 to 1941, inclusive There
was a total of 50 patients, however, the amimals 1noculated w lth
material from 4 of them were casualties of war and no infor-
mation on them 1s available This leaves to be described the re-
sults of the study on the blood and spinal flmd of 46 patients,
of whom 38 were males and 8 were females

At the time the moculations were made, all patients presented
active signs of secondary syphilis and 13 of them also had a
primary chancre There were localizations of disease 1n the n-
tegumentary system 1n 44 patients and in the skeletal system in
14 patients One patient also had iridocychtis and another laryn-
gitis In no case was there any sign of neurological disease The
complement fixation (Kolmer) and flocculation (Kahn) tests
were positnve 1n all patients In 29 cases, darkfield examnation
of cutaneous lesions was positine for Treponema pallidum In
the remaimn:ing cases the lesions were not switable for darkfield
examination or no orgamsms could be found

Forty patients had received no treatment for syphilis There
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were 6 who had becn treated at the time of the chancre with
from 1 to 8 mnjections of neoaysphenamine Subsequently, at
mtervals of from 2 to 16 months, all 6 patients deseloped a ehim-
eal relapse 1n the integumentary system, and, m addition, 3
patsents also had lestons of the skeletal structures, and one had
an iridocychtis Four of the 6 patients had mimmal abnormah-
ties of the spinal fluid, but no anatomical sign of neural disease

All the chinical relapses were :n males Virulent organisms were
1solated from the blood of each patient with chinleal relapse and
from the spinal fimd of two patients, each with munmal abnorm

alities of the flud

METHOD oF INOCULATION For the purpose of isolating Tre-
ponema palhdum from the blood and spnal fluid, the following
method was employed Venous blood was withdrawn from each
patient and immedintely 10 ec of blood was injected into each
testis of two rabbits In Iike manner and 1n the same amount,
two rabbits were inoculated with spmal fluid The noculated
amimals were observed at frequent intervals of time, never less
than once a week for 90 days or until signs of orchitis developed
Upon the appearance or orchitis, materal aspirated from the
testis was examined by darkfield illumination for the presence
of Treponema pallidum An ingeulation was considered positive
only when treponemes were found by this techmque

When no orgamsms could be demonstrated microscopically 1n
the enlarged testis, the testis was removed aseptically, emulsi-
fied 1 a sterile 1sotonic solution of sodium chloride, and 10
cc of the emulsion injected mto one testis of each of two rabbits
These amimals were observed for at least 90 duys before being
discarded as normal

In the event that no orchitis developed after a period of 90
days 1 the animals originally moculated with blood or spinal
flud, both popliteal Jymph nodes were removed aseptically
under ether anesthesia and emulsified 1n stersle wotonie sodium
chloride solution The entire emnlsion was divided and half was
injected mto one testis n each of two rabbits These ammals
were 1 turn observed for at least 50 days, or until an orchitis
developed ‘

In two jnstances in which anmmals of the first transfer de
veloped doubtful evidence of syphilis the imvolved testis was
removed and emulsified, and 10 ¢c of the emulsion 1njected 1nio
a testis of each of another two rabbits

When the amimals inoculated with blood or spinal fluid failed
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to develo, orchitis, the chances of demonstrating organisms by
transfer of tissues were small In 14 cases in which exther testis
or lymph node was transferred from rabbits inoculated with
blood only 2 resulted 1n establishing a demonstrable nfection
1 the rabbit Out of 37 transfers from rabbits moculated with
spinal fluid and failing mnfection, only 3 tissue transfers gave
positive results In one of these cases orgamisms were observed
only after the second transfer of testicular material The ammal
of the original noculation had developed an orchuitis from which
no Treponema pallidum could be found on darkfield examina-
tion

RESULTS OF INOCULATIONS

INFECTIVITY OF BLoOD The blood from 46 patients was tested
for mfectnity Thirty-five, or 76 1 per cent, of the moculations
produced an infection 1n rabbits The ornginal inoculation gave
posttive results 1n 33 cases The period of incubation of the di-
sease m these amimals 1s shown 1n Table T

TADLE I
Pe cd of Incubat o of Syph !¢ 1 Rabbuts Incculated With Dlood or Sp nal Flud

Incubat on Per od Ammals Infect-d Inoculum

Dasvs Blood No Spnal Flu d No
30 39 1 0
4047 10 0
0-9 23 1
€0—€9 10 4
70 73 4 1
0 89 1 1
90 99 1 0
Total 0 7

Positive 1noculations were equally distributed between male
and female patients Al patients i chimcal relapse had mfec
tious blood

The distribution of positive 1noculations with respect to the
duration of winfection 1n the patient, as measured from the ap
pearance of the chancre, 1s gnen in Table II The blood of on”
female pattent was infectious for the rabbit 10 months follow
myg the chancre In this case condylomatous lestons of the skt
had been pre<ent for 7 months at the time the moculation was
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‘TABLE 1I

Distribution of Positive Inoculations and Abrormal Spical Fluids According to
the Duration of Syphilss 1n the Patient

Inoculztions
Dot 1 Cases spnal Statos of Spinal Flu d
Infectian Blood | _Flod
Postwe | Postive | Normat | Abnormal | Dloody
Montks ho No No No No No
12 u 10 0 2 2 o
3-4 15 12 4 10 3 2
56 5 5 2 3 1 1
78 s 4 3 3 2 1]
S 10 1 1 ] } g g
11 12 1 0 0
1 1 Q 1 [ 0
Unknown 4 2 0 4 0 0
Totsl % 5 9 S 8 3

made In another ease, that of a male patient whoe was m climi-
cal relap.e, the blood was infectious 36 months following the ap-
pearance of the chancre, and 16 months after the admmstra-
tion of 3 doses of neoarsphenamine The spinal flid of the two
patients was normal and did not infect rabbits There were 6
patients with dail.field positive lestons of the skin whose blood
did not transmit syphls

INFECTIVITY OF CEPEBROSPINAL FLUID The spinal fluids of 46
patients were transfeired to the testes of rabbits There were 9,
or 19 6 per cent, positive moculations, all from the flmds of male
patients In 7 instances the ammals directly moculated with
spinal fluid d~veloped s3philis 1n from 56 to 82 days after the
moeulation (Table 1)

Of the 46 spinal lmds which were examined, 85 were normal
to routine laboratory tests, mncludmng the cell count, the protein
content, and the complement fixation and collordal mastic re
action The remamnder showed minmmal abnormalities 1n the
number of cells and 1n the content of protein, except that 3 fluids
also gave a positne collordal mastie reactiom, and 1, a weakly
positive complement fixation reaction (2 plus m 05 cc of flmd)
Cell counts above 10 per cu mm with or without an increase of
Pprotemn or above 5 per cu mm with an increase of protein were
considered abrormal I'ive of the normal and 4 of the abnormal
spinal flmds produced a svphilitie orchrtis 1n rabbits Among the
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infectious abnormal flusds was the one showing the greater devia-
tion from the normal

There was no significant correlation between spinal fluids
which were mfectious for ammals and any particulwr kind of
chimeal lesion The nearest approach to such a relationship was
m the patients with alopecin There were 10 cases of alopecia
among the 46 patients in the sample Four of the 10 patients
showing a loss of han had infectious spmal flrds In other words
40 per cent of pattents with alopecia and 13 8 per cent of those
with no alopecia had flurds which estabhshed an infection in rab
bits The differcnce of 26 2 per cent however 13 not statistically
significant bemg within the range of sampling crror (¥/8 =
159)

There has been one previous report on a study of the eerebro
spinal flurd 1n syphlitic Chinese patients The study was made
during 1931 1931 by Pearce Hu and Mu at the Peiptng Union
Medical College® It 1s of interest to obgerve that in mone of
40 patients who were studied was the =pinal fluid infectious for
1abbits Included 1 the number examned were 10 patients with
early active manifestations of sypmhs who had never been treat-
ed for this disense All had normal spinal fluids There were also
5 patients 1n neurorelapse 3 of whom showed an elevated cell
count 1n the spinal fluid The technique of inoculation the size
of the moculum and the period over which the ammals were
observed conformed to the practice in the present study Both
studies were made 1n the same laboratory On the basis of our
experience one might have expected to find that 2 or 8 of the
spmal flmids were 1nfectious

RELATIVE INFECTIVITY OF BLOOD AND SPINAL T'LUp From the
results of the inoculations 1t 1s apparent that infection of the
blood 1n carly syphilis does not indicate nfection of the spmal
flurd However Infection of the spinal flurd 1s accompamed by
nfeetion of the blood At least this was true of all patients m
this study who had infectious spnal fluids

It 13 not to be assumed thnt the results of moculation are abso-
lute 1n their indieation of the presence of orgamsms in either
the blood or the spmnal flud The relative probability of infec
tivity of the blood and spinal fluid 1s unknown Under optimal
conditions one 1s mnchined to the belief that there probably are
more treponemes per umt volume 1n the blood than in the spinal
flmrd The nfectinity of these tissues i any case would depend
primarily upon the number of orgamsms present and upon the
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susceptibility of the rabbit to the first inoculation with orga-
nisms unaccustomed to the new host It might be suspected that
the blood of all patients in the active secondary stage of syphilis
carries spirochetes, although 1t 15 possible that the period of
greatest infectivity precedes the appearance of metastatic
lesions -

If 1t 1s assumed that the blood of patients whose 1nfection 13
not over 2 months’ duration contains a reasonable number of
orgamsms and 15 infectious the blood of all 14 patients of this
study 1n this period of the disease should have produced syphilis
1 the moculated rahbits As 1t was, anly 10 of the specimens did
so This would suggest that the experimental error was about 25
0 30 per cent Assuming, further, that the same error would ap-
ply to the infectivity of the spinal fluid, the expected number of
positive moculations would be 12, or 26 per cent of all the tested
flmdz Ths theoretical fisure may not be too inaccurate, smnce
there were 8 fluuds with mimmal abnormalities 1n the number of
cells and in the content of protein that did not infect rabhits

This study offers no evidence as to the time after infection
when mvasion of the spmal fluid occurs It 18 of interest, how-

TABLE 1L

D str but on of Pos t ve Inoculations and Abnormal Sp na! Flu ds Aceord ngto
the Durat on of Secondary Man festations of Syph Ls in Pat ents

Taocutat ons
Duzat on — |
of 5,
Secandary Cases Bload Efun;l Status of Sp nal Flu d
Les ons
Postve | Postve | Normal | Abnosmal | Bleody
Weels No No No No No No
12 15 1 2 13 ¢
31 5 7 [ 5 H 1
36 2 2 1 2 0 0
78 13 g 4 7 4 2
9 10 0 ¢ 0 [\ [ 0
112 2 2 2 1 1 g
1314 [ 0 [} o [ ]
1516 1 1 0 1 0 0
1718 0 o 0 [ ¢ 0
19 26 0 0 [ [ [ 9
2728 1 1 0 1 [ 0
29 1 0 ¢ 1 [ 0
Unknown 2 2 3 1 1 ¢
Totat % 35 9 32 1 3

Y
¥
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ever, that none of the 14 patients with infections of fess than 3
months’ duration had spinal flud mnfectious for the rabbit, while
4 out of 15 patients with infections of from 3 to 4 months’ dura-
tion had nfectious fluids

It 15 to be observed in Table III that 1n 2 patients with secon-
dary mamfestations of not over 2 weeks' duration, the spinal
flurd was found to contain virulent organisms

SUMMARY
The blood and cercbrospinal fluid of 46 Chinese patients
the active <econdary stage of syphilis were wnoculated mto rab-
bits The blood proved to be infecttous 1n 85, or 76 1 per cent, and
the spinal fluid 1n 9, or 19 6 per cent, of the cases There was no
correlation between a particular chinieal leston and mfectivity
of the spmnal flmd, although the frequency of positinve mocula-
tions in patients with alopecia approached statistical sigmificance.
No organmisms were 150l1ted from the spinal flnd of patients
whose infections were less than 3 months’ duration All patients
with infectious spinal fluids also had virulent organisms in the
blood
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CARDIOLIPIN AND ITS APPLICATIONS IN THD
SERODIAGNOSIS OF SYPHILIS
By
Mary C Pangborn®

The mmportance of serologic tests in syphilis has led to a vast
amount of research on the improvement of such tests From
the begmmng, one of the difficultzes m the way of such 1mprove-
ment has been the nature of the antigen

For many years the antigens most widely used have been
variously prepared and modified alcohohic extracts of beef heart
_crude solutions contaimng a very complex mixture of tissue
constituents, chiefly ipides  Two disadsantages are iherent m
the use of such antigens—there 1s the difficulty of uniform stand-
ardization, since it 15 all but mmpossible to mahke two crude
extracts exactly alihe, and there 1s the question whether the
nonspecific rerctiors encountered may be due to certain of the
impurities m the antigens

At the fame when our laboratory took up this problem, many
people had already attempted to purify the active principle of
the extracts and 1t was known that the serologice activity was
aseociated with the phosphelipide fraction This in fact was the
chief obstacle to purification—mwhenever active fractions were
separated they turned out on exammation to consist chiefly of
leaithin

Our first approach was therefore to study the fiactions sepa-
rated durirg the purification of lecithin  This led to the discovery
of a highly important relntionship of lecithin to the serclogic
actraty  Crude leesthin was serologicallv active, pure lecithin
v as maefive, but when the secondary fractions resulting from
the purification were examined they also were found to be mn-
active or nearly so that 1s, if they were essentially lecithin free
Only by recombimmng such fractions with the purified mactne
lecithin could the serologic activity be demonstrated Thus even
before the 1solation of any new compound 1t was known that not
one but two substances were 1equired for serologic activity
teatham wnAd eome: wnoderiofied wipunent. The sensinzimg sftect
of cholestero! a'ready known to be an mmportant factor m the
case of crude extracts was demonstrated also with the separated
phospholipide fractions The cardiohpin antigens in actual use

* From the Division of Laboratories and Pevearch New fork State
Department of Health Albony
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are mixtures of three substances—cardiohpmn, lecithin, and
cholesterol

The “unknown” was finally 1solated and proved to be a pre-
viously unrecogmzed phospholipide It 1s this new compound
which has been named cardiohpin'# The structure of the com-
pound can be tentatively formulated as follows®:

2 2 2
n f It
cHz-cH-cnao P'OOH2~OH'GH20 'P-OGHZ-(iH-OHzO lP‘OcHz-(l:H GH2
R OR ONa OR’ ONa OR ONa OROR
R = Limnoleyl radical I’ = Oleyl radical
(Positions of R and R', and of ester linkages, are arlitrary )

The structure 13 given as though only a single molecular spe-
ctes were present This, if true, would be rather surprising, since
most hpides are mixtures of closely related homologues Recent
evidence suggests that cardiohipin probably 1s & mixture of two
closely similar compounds, one of which gives analytical values
closely corresponding to the structure illustrated, while the
other contamns shightly less carbon The further characterization
of these two fractions 1s an interesting chemical problem but
fortunately 1t does not seem likely to introduce any practical
complications, simnce no serologic differences have been detected
between the two fractions

The compound differs from such phospholipides as lecithin
and cephalin in that 1t contains no mitrogenous base, and also
1n the larger size of the structural umt Instead of glycerophos-
phorie acid, which 18 found 1n lecithin and cephalin, we have
here a complex ester composed of at least three molecules of
glycerophosphorie acid and one of glycerol The purified com-
pound 18 used 1n the form of its Na salt, which 18 fairly soluble
i alcohol The methods of 1solation and purification depend on
the formation of less soluble salts, such as those of Ba or Cd
which can be purified by means of various combinations of
orgamc solvents and finally reconverted to the desired Na salt
for use 1n antigens

The particular advantages of the new antigen, as revealed
by experience with 1t to date, are stability, reproductivity, ease
of standardization and improvement of specificity.

Stability may be judged by the fact that antigen mixtures
have been stored for periods up to eighteen months without any
change 1n activity

Reproductwity and ease of standardization are no more than
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hould he expected as a result of purification, but these points
reed to be elaborated a little

One of the disadvantages of the use of erude tissue extracts
12s always been the difficulty in preparing uniformly reproduc:-
sle antigens We should be able to shminate this diffienlty by
the use of an antigen composed of essentially pure substances,
provided that satisfactory standards of purity can be maintaned
for each of the mgredients For two of the three, this has pre-
sented no real dufficulty It 1s relatively easy to prepare cardio-
lipin of uniform activity, and while the quality of commercially
available cholestero] 1s variable, one can easily purify unsatis-
factory lots by simple reerystallization from alcohol

Adequate purification of lecithin 13 more difficult New pro-
cedures were required for this purpose*$ and the experience
of the past year has led to the adoption of still further improve-
ments In our laboratory, we have been able to maintamn a sat-
1sfactory conmstancy in the properties of lecithin made in the
same way Undoubtedly this 1s the weakest link in the chain
at present and more study of improved methods for lecithin
purification 18 needed This problem 18 not serious in the case
of the antigen for the complement-fixation test, but antigens for
precipitation methods are significantly affected by shght differ-
ences m the purity of different lots of lecrthin

Another point requiring further study 1s the possibility of
using lecithins from sources other than beef heart Not enough
work has yet been done to show to what extent adequately puri-
fied leaithins from different sources mught be interchangeable
1n antigens

While still on the subject of standards of purity, we should
perhaps speak of four rather than three antigen ingredients
since a recent unhappy experience has emphasized the need of
securing a good quality of alechol for the antigen solutions We
have found that some of the absolute aleohol now on the market
1s not suitable for use mn antigens without redistillation

The standardization of each new lot of erude extract antigens
has always required an eleborate series of serologie feshs  With
2 purified antigen, 1t seems clear that this should no longer be
necessary Once the proportions of the three components re-
quired for a given serologic test have been determined, each new
lot of cardiolipin or lecithin may be tested by making up an ant1-
gen of the predetermined composition and using it mn tests of
8 number of positive and negative sera i paraliel with a pre-
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viously used standard antigen If the reproductivity of the puri-
fication methods 18 satisfactory, obviously different lots should
give the same result when tested 1 the same concentration, if
they do not, the serologic test has provided evidence that the
separately prepared lots are not identical In our laboratory we
regard such disagreements as indication of unsatisfactory purt
fication It 1s granted that as methods are improved, it may be
necessary from time to time to revise the conditions of a particu-
Jar test procedure, but 1f we are gomg to try to compensate for
madequate purification by changing the formula of each batch
of antigen and gomg through a complete serologic restandardiza-
tion of each Jot, we are simply discarding one of the important
advantages of a purified antigen

Before discussmg sensitivity or specificity, 1t IS necessary
first to ask how the new antigen can actually be adapted to sero-
dragnostic use The problem 15 complex because we are dealing
not with a single substance but with a delicately balanced col-
lIordal misture of three The rela 1 of these
three components—cardiolipin, leerthin, and cholesterol—are
therefore of basic importance The first and most thorough
studies of this question were those carried out by Doctor and
Mrs Maltaner on the standardization of the antigen for use
1n the quantitative ) -fixation test developed by them?,
and by Dr Rachel Brown on a tube precipitation test®

Cardiohipin and leeithin were first tested separately Neither
substance alone had any significant activity 1n either test Mix-
tures of cardiolipin - cholesterol or of lecithin - cholesterol
had no activity 1n erther test Mixtures of cardiohpin and leci~
thin, however, were active antigens m both types of tests As
yet there 1s no explanation for tms combined effect of the two
phosphatides

The method of study was, therefore, first to determine the
optimum proportions of cardiolipin and lecithin, and then to
study the reaction with varying amounts of added cholesterol
Certain relationships proved to be common to both sgerologic
procedures In both cases a fairly defimte optimum ratio of
lecithin to cardiolipin was found, and this ratio was not altered
by the addition of cholesterol The effect of cholesterol was to
increase the sensitivity of the antigen mixtures

In the last few years several authors have published descrip-
tions of their experience with the adaptation of cardiolipin and
lecithin to other test procedures In general, the various sero-
logie test procedures require different proportions of the three
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components and each therefore presents a separate problem of
study From all these reports to date, 1t seems clear that cardio-
Iipin antigen can be successfully applied 1n any test for which
beef heart antigens have been used The relative value of the
various tests proposed will have to be determined by extensive
further trial In any such evaluation the questions of the sensi-
tivity and specificity of the new antigen must be considered

Whatever the test procedure, 1t can hardly be over emphasized
that farlure to make use of a properly balanced mixture will
result 1 an unsatisfactory antigen In fact, 1t 1s possible so to
oversensitize an antigen mixture that false positive readings may
result For instance, in the early studies of the complement-
fination test, an antigen was tested which contamned a smaller
proportion of lecithin to cardiohpin than the muture finally
chosen fo1 use The ratio of lecithin to cardiolipin 1n this mixture
was 143 1, whereas 1n the mixture now used, 1t 1s 5 1 The
antigen with the ratio of 1 43 1 had been selected 1n prehminary
tests because 1t was more reactive On trial in the routine service,
however, 1t gave occasional reactions that were considered non-
specific and was therefore rejected The later experimental
studies also indicated that such an adjustment would be unsat-
1sfactory

In certan caves there 1s already clear evidence that purifi-
cation of the antigen has mereased 1ts specificity Thus the early
work m the Division of Laboratories and Research of the New
York State Department of Health® indicated that the cardiolipin
antigen would prove somewhat more specific 1n patients with
malaria and 1o vaceinated persons, cases 1 which false positive
vesults are often reporied Recent work has confirmed thus
Smular conclusions were reported by Rem and Bossak®, Remn
and Kent', and by Kline®?, who found eardiohpmn antigens much
more specific than crude antigens i cases of malaria Dqually
convineing data on other types of false positive reactions are
not yet available, but all the evidence so far indicates that the
specificity of the purified antigen 1s definitely greater But here
1t should be emphasized that the removal of mpurities 1s un-
doubtedly only one factor in the observed improvement Another
important point 1s that when the purified ingredients are used
the proportian of the three can be adjusted In a crude extracts
the proportion of cardiolipin, lecithmn and cholesterol cannot be
accurately determined and some nonspecific reactions observed

with crude extracts may well have been due to variations 1n these
proportions
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However, a word of caution 15 needed on this question of
specifiaity In the excitement of having reasonably pure ma
terials available for compounding antigens, too much emphasis
has perhaps been placed on the results to be expected from purr-
fication and not enough on the lumitations and pecularities of
this particular antigen system Thus, while we could predict with
confidence that purtfication would give us a more umform and
easily standardized antigen, 1t could only be hoped, not predicted,
that any improvement 1n specificity would result That such 1m
provement has resulted 1n certain cases is a great advantage but
there seems to be no basis for assuming that all “false positrte”
reactions are related to properties of the antigen Many such
cases will doubtless have to be approached from the other side,
by a study of the serum, as has been done by Neurath and his
associates!®

But even when the antigen 1s the decisive factor, we have seen
that the mere possession of the purified substances 1s not enough
The antigen 1s a complex colloidal system very sensitive not only
to variations m the proportion of the components but also to
such technical factors as methods of dilution and heating of
antigen suspensions By varittions in such details both sensi-
tivity and specificity may be altered, and the very fact of this
flexability 1 adjustment raises new problems which lay a heavy
responsibility on the serologist

It 15 evidently quite feasible to adyust the activity of eardio-
lipin antigens so that the results will be comparable 1t sensitivity
to those obtammed with extrict antigens This, howeser, 1s only
a partial solution Until now, as each test has been studied, the
sensifivity has usually been set by making the performance of
the new antigen match that of some previously accepted test
This 13 obviously a necessary beginmng Ior the future, how-
ever 1t would seem that a thorough reapprasal of present prac-
tices 18 1n order Collaboration between climeians and serologists
will be essential to determne the level of sensitivity to which
serologic tests with the new antigen should be adjusted It 13
to be hoped also that some agreement on standardization of sero
logic practices can be reached so that results obtained in different
laboratories can at least be evaluated 1 common terms The
availability of a purified antigen should be an occasion for con-
tinued progress in this direction
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CARDIOLIPIN-LECITHIN-CHOLESTEROL ANTIGEN
IN THE KAHN TEST III*

By
Reuben L Kahnt

It 1s a pleasure to appear on this program with Dr. Pangborn
Her emphasts that the purified lecithin problem 18 not yet solved
fits 1 with our findings that different lots of purified lecithm
give different serologic results In this brief discussion, several
aspects of cardiolipin antigen in its behavior with salt solution
and with seyum will be considered in comparison with Kahn
antigen

VARIATIONS IN SENSITIVITY OF DIFFERENT LOTS OF CARDIOLIPIN
ANTIGEN, APPARENTLY DUE TO DIFFEPENCES IN LECITHIN

One of the earhest observations made in this laboratory in
the use of c~rdiolipin antigen 1n the Kahn test was that different
lots may show different sensitnities, although prepared accord-
1ng to the same formula The question arose whether these dif-
ferences 1n sensitrvity were due to differences in lecithin or to
(ifferences 1n cardiohpin  Experiments showed that three dif-
ferent lots of cardiolipin employed with one lot of lecithin gave
practically 1dentical sensitinaty results When, however, one lot
of cardiohipin was employed with two different lots of lecithin
variations 1n results were obtained Table 1 illustrates these
variations with cardiohpm antigens prepared with two lots of
purified lecithin It 13 evident that cardiohmn antigen prepared
wth lecithin ‘Run !’ gives considerably more sensitise results
than the antigen prepared with lectthin 1A-46 This and sinmlar
results obtained with other lots of purified lecithin, pomted to
the necessity of st ndardizing each lot of cardiohpin antigen
before 1ts use in the Kahn test

THE CAPDIOLIPIN ANTIGEN FORMULA FoR USE IN THE Kanun TEST

The formula consists of 107% purified lecithin, 0 1% cardio-
lipin and 0025% cholesterol When employing this formulz,
the resulting antigen will produce suspensions with salt solution

* This study was 2d d by a grant from the Difeo Laboratories Ine
Detroit, Miehigon Cardh lipin and purified leeithin for this study weré
Lindly supphed by the Lederle Laboratories, Pearl River, New York

+# Serologmeal Laboratory University Hosmital, Ann Arbor, Michigs?
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TABLE 1

Seostvwtyaf Cardolpn (P) Antgen Wtk Two D
Floserat o D ferences 3 Senn S vl Punfed Les th

Standaed thn React ons w th Card ol pln

nt gen Employ ng
Lecthn 1046 Lecth o Ran 4
Second Frst Second
Rend gt Read ng Reed g Read ng
Serom
Tubes Tubes Tutes
Mo e 123 1 3
- ——z 34 — 54
1 -1 [ T3 S
5 23 -=7 Z33 Z32
H s “x 2 344 344
H I 5 i i
§ i3 Zi o —23
7 T 3 314 313
g -z P 211 211
9 2734 23 344 344
] e Z-2 P 2
Toral
Plus s gns a 33 & 6

* The first read ng was made after the 2dd ¢ on of d luent the second read ng was
made 15 m putes la

similar to suspensions given by hahn antigen and it will behave
with syphilitic and nonsyphilitic serums similar to the behavior
of Kahn anfigen

Of interest 1s the fact that when employing the same ratios
of lecithin {o cardiohpin namely 10 1, but of different concen
trations of these reagents workable antigens are not obtained
For example 05% of lecithin 005% of card:ohipin and 6 025%
of cholesterol do not lead to a workable antigen The same holds
true 1f 20% leaithin 02% cardiolipin and 0025% cholesterol
are employed Evidently the 10 1 ratio of lecrthin to cardie
hipin combined with the appropriate concentration of these re-
agents s of importance 1 obtaimng a workable cardichpin
antigen for the Kahn test Table 2 1llustrates these findmngs

As 1s noted from the table the antigen titer 13 1 ml antigen
plus 0 9 ml salt solution (09%) If 1 m! antigen 1s mixed with
08 ml salt solution the resulting antigen suspension gives
cloudy mixtures with serum and 1t 1s 1mpossible to differentiate
syphilitic from nonsyphilitie sernms  If 1 ml antigen 13 mixed
with 1 ml of salt solution the resulting antigen suspension gives
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TABLE 2

Concentrations of Leeithi and Cardiohpin (10 1 Ratio) Producing an Antipen
Suspension Usable »» the Kahn Test

Cardiohpin Antigen Formula
Antigen ¢ S? Leaithin 1 0% Lecithin 2 0% Leathin

Cardiohpa 0 152 Cardwolipin 0 29 Cardol pn
Sate Shucan § 02805 Cholesteal, 0 033 Cholesterol 0 0257 Cholesterol
ip d Concentration
0 5757 115% 2 5%
140 § Too clear SomeNon  Cloudy Nondispersible Turbid Nondiper-
d spersible aggregates  aggregates smible aggregates
1409 Nearly waterclesr  Opalescent® Turbid Nondusper-
sible aggregates
1410  Water clear Too clear Cloudy Nondispers
sible aggregates
1411  Water clear Much too clear Cloudy Some nond s:

pess ble aggregates

1412 Water clear Nearly water clear  Qpalescent  Some non
dispersible aggregates

* A usable antlgen suspension was obtained with Formula B when employing l cc
antigen +0 Imt nl’ solutwn  Lectthu Lot 124 and Cardiohpa Lot 13
ployed in this experiment

altogether too clear mixtures with serum and the suspension
of markedly reduced scnsitivity, Briefiy, the antigen must |
mixed with salt solution at the titer, namely, 1 3- 09, to obta
a usable antigen suspension in which syphihitic serums wiil sho
precipitates and nonsyphihitic serums will show the opalescen
characteristic of negative reactions with Kahn antigen

The narrow titration range of cardiohipin antigen is of &
terest when compared to Kahn antigen As 18 well known, tt
latter antigen has a relatively waide titration range For examph
1f Kahn antigen has a titer let us say of 1 + 13, then antige
suspensions prepared by adding 12 ml of salt solutionto I m
of antigen or 14 ml to 1 ml of antigen are hkely to give result
closely simlar to that obtained when the antigen 13 mured 2
the titer of 1 - 13 Briefly, 01 ml of salt solution abave [
below the titration pont appnrenﬂy does b wemer W
the physieal nramawt
case . e
or be ' )
suspe .. wo wawten Kahn and cardiolipia anb-
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gen 15 based on the probability that Kahn antigen contains
nonantigene collords which are protective 1n nature, while car-
drolipin antigen, because of 1ts mgh punty, lacks these protective
colloids Someone has compared the two antigens to buffered
and unbuffered solutions

Other ratios of lecithin and cardolipin were tried also with
different concentrations of lecithin and cardiohpin but the most
clear cut titration point was obtained m a 10 1 ratio of lecithin
to cardsohpin 1n which 1 0% lecithin and 0 1% cardichipin were
used In the case of the cholesterol, of the various concentrations
tried, 0 025% gave workable results

1t 15 believed that cardiohipm antwgens which are undersen-
sitive may be raised 1n sensitivity by small increases in the
lecithup cardiohpin ratio  Thus, 1n those mstances ;n which a
10 1 ratio of lecithin-cardiol gives under: resulfs, &
11 1 ratio will show 1increased sensitivity A 12 1 ratio will
1ncrease the sensitivity still further, but in that ratio weak non-
specific reactions begin to appear Swuilarly when a cardiohpin
antigen 1s oversensitive, sensitivity can be lowered by reducing
the lecithin cardiohpin ratic Thus, 2 9 1 leeithin-cardiolipin
ratio will give somewhat lower sensitivity results than a 10 1
ratio An 8 1 ratio will give results of still lower sensitivity

CoMPARATIVE KAHN RESULTS WITH CARDIOLIPIN AND
KAHN ANTIGEN

The results herewith presented consist of cardiolipin antigen
prepared with the formula indicated above, namely 10% leci-
thi, 01% cardioclipin and 0 0259 cholesterol The titer of this
antigen employed, as already ndicated, was 1 + 09 When
employing cardiolipin a2ntigen at this hiter with sypmhtic and
nonsyphilitic serums, the first observation that one notes 1s that
the general precipitation picture in the 8 tubes of the Kahn test
are the same with both antigens Considening the gh punty
of cardiolipn antigen and the fact that Kahn antigen contains
congiderable amounts of nonantigeme lipids, 1t 1s truly remark-
able that the two antigens should show such simularity m results

Table 3 gives comparative Kahn reactions with cardiolipm
and Kahn antigens in 1,810 routine serologic examinations As
indicated 1n the table, 168 serums gave pomitive Kahn reactions
and 1,713 serums gave negative reactions with both antigens
Nine serums giving posttive reactions with Kahn antigen, gave
negative reactions with cardioltpin antigen, while two serums
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‘TABLE 3

Kahn Reactions with Cardiohipm An"fm Compares with Kaha Reactions with
Kahn Antigen m 1910 Routine Exammations

Nomber Standard haha Standard Kahn Analyms of
of Reactions with Reactions with Results
Sera  Rahn Antigen Cara olip n Antigen Number  Per Cent
163 Posive Positive Agreement
0 Doubtful Doubtful
1713 Negative Negative 1876 9812
4 Postve Doubtful Relative Agreement
Doubtfut Positive 5 03
9 Posiuve Negative Disagreement
12 Doubtful Negatne
2 Neganve Postuve
6 Negauve Doubtful 29 15

giving positive reactions with cardiolipin antigen, gave negatine
reactions with Kahn antigen The results with Kahn antigen
are thus somewhat maore sensitive than the results with cardio-
lipin antigen

A technical step has recently been observed in this laboratory
which renders the sensitivaty of cardiolipin antigen more com.
parable to that of Kahn antigen Thus technical step consists of
centrifugation of the completed cardiohipin tests for 15 minutes
at about 2,000 rpm Centrifugation causes the mnute particles
m negative reacting serums to go to the bottom of the tube
On tilting the tube, these particles tend to rise from the bottom
1n the form of a whirl, waithout any tendency toward clumping
In the ease of positively reacting serums, centrifugation tends to
clump the floccules and clear the medium

Centrifugation of Kahn tests with cardiolipin antigen has
been applied 1n this laboratory to more than 1,000 negative Kahn
reacting serums with Kahn antigen It was found that seven
of these serums gave weakly positive reactions with cardiolpin
antigen These serums gave positive Kahn presumptive reac-
tions and there 1s reason to beleve that the results were specific
The use of centrifugation 1n borderline or negative cardiolipit
reactions in the face of positive Kahn reactions, it is believed,
will lift up the sensitinity of those reactions close to the level
of Kahn antigen
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MICROFLOCCULATION REACTIONS WITH CARDIOLIPIN ANTIGEN
CoMPARED WITH KAHN REACTIONS WITH KAHN ANTIGEN
When turmng to microfiocculation reactions with cardiohpin

ntigen the comparison with standard Kahn reactions 1s much

TABLE 4

Standard Kahn React ons Compared w th M crofiocculat on Reactions with
ard olip n Ant gen 1 2034 Rout ne Fxam nat ons

Number Standard Kahn M crofloceulat on Analys sof
of cactions w th Reactions with Results
Sera  Kabn Antigen Card olp n Ant gea Nomber Per Cent
161 Postve Postve Agrecmeat
10 Doubtful Doubtful
821  Negative Negat ve 1992 979
12 Posuve Doubtful Relat ve Agreement
5 Doubtful Postve 6 03
2 Postve Negat ¢ D sagreement
1 Doubtful Negat ve
5 Negat ve Post ve
28 Negatve* Doubtful 36 18

* Kahn presutnpt ve teat pos t ve or doubtful w th sisteen serz

closer Table 4 gives the standard Kahn results compared with
microflocculation reactions with cardiohpin antigen m 2,034
routine serologiec examinations As indicated 1 the table, 161
serums gave positive reactions and 1 821 serums gave negative
reactions with Kahn and cardiolipin antigens Twelve serums
giving posttive reactions with Kahn antigen gave doubtful re-
actions with cardiolipin antigen 'Two serums giving positive
reactions with Kahn antigen gave negative reactions wtk car-
diolipin antigen while five serums giving negative reactions with
Kahn antigen gave positive reactions with cardiolipin antigen
It 12 evident from the results in the {able that the sensitinty of
the microscopic procedure with cardiohipin antigen closely paral-
lels the sensitivity of Kahn reactions with Xahn antigen

MICROFLOCCULATION REACTIONS MORE SENSITIVE THAN TEST
TUBE REACTIONS WITH CARDIOLIPIN ANTIGEN

Microflocculation tests are the more sensmiive because no
diluent 1s added to the serum antigen mixtures before reading
the results The diluent consisting 02 03,01 and 01 ml ot 12%
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NaCl solution, added respectively, to the three tube cardiolp
tests, tends to disperse certain precipitates Hence the fint
results of the tube tests are in some nstances weaker than th
results of the shde tests

Of terest 13 the fact that 1f the micro amounts of serw
and antigen suspension used in the shide tests nre employed |
tube tests and shaken for three mimutes 1n the Kahn shaker, t
results of these tests when read without diluent are more sensi
tive than the results of the shide tests The reason for this 11
creased sensitivity, 1t 1s believed, lies in the stronger agitation
of the tube tests 1n the shalung machine than of the shde tests
The serum antigen suspension muxture on shdes cannot be agt
tated as forcefully as in test tubes The senmitivity of these
muero tube tests without diluent 1s indeed so marked as to show

a tend toward ficity

SINGLE VERSUS MULTIPLE RATIOS OF SERUM-—~ANTIGEN
SUSPENSION IN A TEST FOR SYPHILIS

It 13 well to keep m mund the limitations of single serum-
antigen suspension ratios in tests for syphiis Many years ago
when I developed the standard Kahn test, I felt that three ratios
of serum antigen suspension represented the smallest number
of ratios that should constitute a dependable test The reason
for this belief was the fact that different sy philitic serums show
optimal reactivity not 1n one precipitation zone of a given serum
antigen ratio but win different precipitation zones of different
serum antigen ratios Table b Mustrates these different precipt
tation zones

It 15 evident from the table that serums 1 and 2 show optimal
reactivity n precipitation zone III where there 1s a marked
mcrease of serum over antigen suspension Serums 3 and 4 show
optimal precipitation where there 1s an increase of antigen sus
pension over serum and serums 5 and 6 show optimal precipita
tion with a moderate tncrease of serum over antigen suspension
It 13 believed that individual cases of syphilis, especially when
untreated, can best be detected by employing a test comprsed
of at least three ratios of serum antigen suspension Such # test
affords a means for the better understanding of the reactions
of mdividual eases In addition, the use of three tubes with
three different ratios of serum antigen suspenston obviously
affords a more reliable technical means n the detection of
syphilis than the use of a single ratio of serum antigen susped
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TABLE 5
Tllustrations of Optimal Precipitation Zones Shown by Different Syphahine Setums

Serum Kahn Antigen Suspension

S Zone 1 Zone 1L Zone 11T
o " (Seandsrd Kaka)
12 11 21 31 61 121 241 481 761 1001
Optimal Precipitation with Incresse of Serum over Antigen
1 _ - = 2 4 4 4 4 4
2 - - =~ = 3 4 4 4 4
Optimal Precipitation with Increase of Antigen over Serum
3 4 4 4 4 4 2 — — = =
4 Y S e
Opumal Precipttation with Moderate Amounts of Serum and Antigen
— = 2 4 4 4 47 - =
6 - — — - 2 4 3 1 = -
Precypitation 1 all Ratios
7 4 4 4 4 4 4+ 4 4 4
No Precipitat on 1 any Ratos
3 - - - T

sion It1s true that mn statistical comparisons of tests, the value
of the use of three ratios of serum-antigen suspension may not
be apparent In the study of individual persons with syphilis,
however, the value has been proved by 25 years of experience
with the Kahn test

TECENIQUES

1 Cardiolipwn Antigen wn the Standard Kehn Test with Serum
The techmques with cardichipin antigen herewith outlined
are, in the present state of our limited knowledge of the climeal
value of this antigen, recommended for use side by side with
the standard Kahn test employing Kahn antigen
1 Performance of Test
1) Arrange test tubes 1n standard Kahn racks so that there
are three tubes for each serum to be tested, mncluding
positive serum, negative serum and saline controls Num-
ber the first row of tubes to correspond to the serums
being tested, using a different colored wax penenl than
that used 1n numbering tubes for tests with Kahn stand-
ard antigen
Prepare cardiolipin antigen suspenston as follows:
a Measure 1nto an antigen suspension vial the amount of

2
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saline (09% NaCl solution) according to titer, re

quired for the given amount of antigen

Note—The titer on the bottle will state the amount o
saline that must be mixed with 1 ml of antigenn
order to prepare a proper suspension Less tha
1 ml or more than 2 ml of antigen should not b
measured mn one muxing vial

Measure into a second antigen suspension vial the

necessary quantity of antigen

Pour the saline mto the antigen and, without stopping

pour the muxture back and forth 12 fimes, without

allowing vials to drain during mxing period

d Allow the antigen suspension to age 10 mmnutes before
using Do pot use suspension after it has aged more
than 30 minutes from the time of mixing

Before prpetting the antigen suspension, place thumb over

mouth of vial and shake gently fo suspend antigen par

ticles

Pipette 0 05 m! of the antigen suspension directly to the

bottom of each tube of the first row of the Kahn rack,

employing a Kahn antigen pipette

Pipette 0025 m! of antigen suspenston directly to the

bottom of each tube of the middle row of the Kahn rack,

employmng a Kahn antigen pipette

Pipette 00125 ml of antigen suspension directly to the

bottom of each tube of the back row of the Kahn rack,

employing a Kahn antigen pipette

Add 015 m! of each serum to the designated set of three

tubes contaming 0 05 ml, 0 025 ml and 0 0125 ml antigen

suspenston, respectively

Note—The heating of the serum for 30 minutes at 56° C
the absolute clarity of the serum and freedom from
particles and the set up of the 8 tube test are the same
as 1n the Kahn test with standard antigen The serums
should be employed soon (if possible, within 10 mn
utes) after the heating period

Shake rack by hand for 10 seconds, after antigen sus

penston and serum have been ndded to all tubes m that

rack

Permut serum antigen suspension muxture to stand for

3 to 7 minutes at room temperature

o

a

10) Shake rack of tubes for 8 minutes in Kahn shalung ma

chine (275 to 285 oscillations per minute)
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11) Following the 3 minute shaking period, add 03, 01 and
01 ml of 12% solution to tubes 1, 2 and 3, respectively
Note—In this respect the Kahn test with cardiolipmn anti-

gen differs from the Kahn test with Kahn antigen, in
which 10, 05 and 05 ml of 09% salt solution are
added to tubes 1, 2 and 3, respectively
2 Reading of Results
1) Read each tube of the rack immediately after adding the
12% salt solution and amiating rack gently to mix the
mgredients (Make only one reading )
3 Methods of Reading of Results of Kahn Reactions with Car-
diolipin Antigen
Note—The readmg of results of Kahn reactions with cardio~
lipin antigen 18 based on the same critena as the reading
of results of Kahn reactions with Kahn antigen The pre-
_cpmtates 1n the positive reactions with cardiohipin antigen
are not quite as heavy as those with Kahn antigen, but
sufficiently heavy to be readily differentiated as 44, 3--,
24, 14 and = The negative reactions with cardiolipn
antigen when highly magmfied, will show the presence of
finely dispersed particles (very likely antigen particles)
to a somewhat greater degree than the negative reactions
with Kahn antigen However, under proper routine con-
ditions of reading results with erther antigen, no difficulty
will be encountered in differentiating the negatives even
from the doubtful reactions, once the rcader becomes fa-
mliar with the appearance of the negatives
No standardized method for reading the results could
be made applicable to all workers because 1) different
workers have different visual capabihities and 2) different
laboratories have different reading facilities
1) Reading by Window Light When reading Kahn reac-
tions with cardiohipin antigen by holding the rack of tubes
m front of a window 1n a dimmed room, the negatives
will appear opalescent and clear, and the positive reac-
tions will appear turbid or cloudy The four plus reac-
tions showing heavy precipitation can be readily observed
without lifting the tubes from the rack All other tubes
showing any degree of turbidity or clouding should be
examined individually, Iifting each tube several inches
above the eye level and slanting 1t until the fld 1s spread

imte a thin layer The precipitate will then become readily

viethle T+ 19 11vmntoet 1% Ts 4lin wrnnTne $m obarmd alrca
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to the window, which provides the source of lght for
reading, 2) For the other Lights m the room to be dimmed
thereby preventing other sources of light from playing
on the tube, 3) For the slanted tube to be held seversl
inches ¢bove the eye level Ideally, the window used for
readmng should be shaded n 1ts upper and lower parts
m such a way as to leave a trip of hight, the width of
which to be determined for each laboratory, for optimal
reading of results
Reading by Shit-lamp or by Fluorescent Light Those
reading by artificral Iight will find 1t desirable by so hold-
1ng the rack in front of the hight as to readily differentiate
the opalesecent and elear negatives from the cloudy and
turbid positives Then, the positive reactions are exam
med mdividually Tubes showing borderline clouding
should, of course, also be examined mdividually As 1
reading by window light, 1t 18 1mportant to dim othe:
lLights 1n the vicinity of the reader
Reading by Magnification When employing the concave
surface of the microscope mirror for reading results, 1t 1
also well to first differentiate the negative reactions from
those showing some degree of turbidity, as explamned
above Those who find the magnification of the micro-
scope murror msufficient may combine the mirror with
a hand lens The magmfication must be sufficiently low
for an mdwidual reader to assure that the negative reac-
twons appear I nt and easily distinguishable, when
the negative reactions begin to suggest the appearance
of doubtful reactions, then the magnification 1s top high
for that reader As s well known, any colloidal solution,
sufliciently magnified, will show particles
Qualifications for Reading Kahn Reactions with Cardio-
lipin Antigen It 1s assumed that those who will read
Kahn reactions with cardiolipm antigen will have had
amphe vopRrenty wmoreadmg Rem rencnons with Kaes
antigen Workers without this experience should first
learn to read Kahn reactions with Kahn antigen
Employment of Centrifugation

Centrifugate for 15 minutes at about 2,000 rpm, tests
with cardiolipin antigen that give borderline or negative re-
actions 1n the face of positive reactions with the Kahn fest
with Kahn antigen The minute particles jn the negatne
reactions tend to go to the bottom of the tubes On tilting

2

~
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the tube these particles rise from the bottom n the form
of a whirl without any tendency toward clumping In the
case of posttively reacting serums centrifugation tends to
clump the floccules and clear the medium
Note—The use of centmfugation m the instances described
above 1t 18 believed will hft up the sensitivity of the re-
actions close to the sensitivity level of Kahn reactions with
Rahn antigen
Reporting of Results
1) Average the results of the Kahn test with cardrohipin
antigen 1n the same manner as 1 the Kahn test with
Kahn antigen
T Cardiolynn Antigen n the Rahn Microflocculation Test
with Serum
Performance of Test
1) Employ n the mieroscopic procedure the same cardio
hipin antigen suspension described above used in the
8 tube test
2) Let the cardiclipin antigen suspenmsion age 10 minutes
before using and discard 1t after it has aged for more
than 30 minutes
3) Assure absolute clarity of the serum and freedom from
particles as well as clean shdes
4) Deposit on a parafin ninged shde 005 m! amounts of
the serum previously heated for 30 mnutes at 56° C
§) Mix the antigen suspension well by drawimng 1t up several
times 1n a tuberculin syringe with a 28 gauge needle
Hold syringe vertically over the serum and permut a drop
of the suspension to fall in the center
Note—The serum antigen suspension ratio 1s then ap-
prexamately 8 1
6) Vigorously agitate the shide 1n a eireular motion (150 160

times per minute) for 4 mutes and read the results
without delay

Reading of Results
1) The resuits are read under low power magnificat on of
approximately X 50
a Negate renctions show 1n the microscopic field evenly
distributed very small non aggregated particles
b Doubtful (%) 1eactions show a microscopic field
crowded with numerous small aggregates or clumps
¢ Doubtful () reactions show shghtly larger aggre
gates somewhat less crowded
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d Positwe (4-F) reactions show larger aggregates with
a corresponding clearing of the field
e Positwe (-f--+-+) reactions show relatively large ag
gregates scattered through the clear field
1 Positive () reactions show but few large
clumps 1n a clear field
KAHN REACTIONS WITH KAHN AND CARDIOLIPIN
ANTIGEN—DISCUSSION
In this laboratory cardiolipin antigen 1s used side by side
thh Kahn antigen 1n the Kahn test It 1s believed that the tw
of thewr diff m hmd tent, make ¢
goad team 1n the serodiagnosis of syphiis In the presence of
syphilts, there 13 reason to believe that the two antigens wil
* have selective reactivities, one antigen detecting particular caset
of syphilis that the other might muss In the absence of syphilis
cardiolipin antigen 1s defimtely more specific 1n malaria and 1f
may prove to be also more spectfic mn other conditiong
Thus far, the standard Kahn test with Kahn antigen ha
ghown a umgue record of specifiesty in all official competitivi
evaluation studies since 1928 During the past decade, the tes
has given 100 per cent specificity results in all evaluation studies
extending from 1937 to 1947, inclusive The number of serum:
exarmned in these evaluations are 2,293 About 900 of the se
rums came from donors with various pathologic conditions
excluding leprosy and malarin  The evaluation results are sum
marized 1n Table § It 13 clenr that tests with cardiolipin antt

TABIE ¢

Th rteen Canseeut ve Off"c al Evaluat on Stud es (1937~1947) tn wh ch the Kahn
Standard Test gave No False Pos t ve or Doubtful React ons

Evaluaton  NumberofNom  Specficty
Study Year  syphlte¢ Cases Per Cent Ci n cal Cond t on of Doners

1937 100 100 Normal
1938-1 96 100 Normal
1938-2 st 100 Tuberculos s
19,9 14 100 Normal

1940 111 100 Normal

1941 1 130 100 Normdl

1941 2 453 100 Mal gnancy fever etc
1942 129 100 Normal

1943 131 100 Normal

1944 161 100 Normal

1815 153 100 Normal

1946 N 100 Normal

1947 136 100 Normal
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gen have yet to establish such a speaificity record Furthermore,
the specificity record of those tests must conform {0 a given
sensitivity range—a range not below that of the standard Kahn

There 18 but one way to determine the superiority of a given
test with cardiohpin antigen, namely, by offical competitive
evaluation studies To illustrate Suppose author A of a test
1s assigned to a given laboratory room and, in the course of a
week or ten days, 1s called upon to examine, let us say, 1,000
“ynknown” specimens of blood from selected clmical material
He examines these specimens with his particular test, without
benefit or detriment of supporting data from batteries of tests
He turns m his results 1n sealed envelopes These results are
then compared by appropriate authorities with the clineal find-
1ngs and with serologic results submtted by author B who per-
Favmed hug particular test, author C, hus test, etc It 1s obvious
that under such conditions, a test 13 truly evaluated

Without official evaluation studies, the value of a method must
remain & matter of opimion The most well intentioned worker,
fully believing 1n s particular method based on given data,
may be altogether mistaken as to the value and hmitations of
the method Without evaluation studies, we shall soon find that
the number of tests proposed will become well mgh innumerable,
each author 1n all honesty claiming superiority of his particular
method Even the limited annual evaluation of serologie labora-
tories of State Health Departments are of importance m throw-
mg hight on the value of a test For example, I would not have
believed that the sensitivity of the Kahn test might be higher
than the sensitivity of the New York State complement fixation
and flocculation tests with cardiolipin antigen But 1n the 1947
evaluation of laboratories carried out by Doctor Mahoney, the
New York State flocculation test gave 75 0% sensitivity, the
complement fixation test gave 73 3% sensitivity and the standard
Kahn test with Kahn antigen gave 81 6% sensitivity

The greatest value of official evaluation studies les mn the
fact that they throw light on the value and the himtations of
a method mpartially and without personal bias

SUMMARY

1 Cardiohipin leasthincholesterol antigen in the Kahn test
must be standardized serologicaily, lot by lot, mainly because of
serologic variations 1n the purified lecithin

2 The cardiohpin antigen formula, adaptable to the Kahn
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test, consists of 10% purified lecithin, 01% cardiolipin and

0025% cholesterol It 13 believed that small changes mn ths
formula should satisfy standardization needs, when faced with
vanations in the reagents

8 Kahn results with cardiohpin antigen approach the senst
timity of results with Kahn antigen, especially 1f centrifugation
13 apphed to borderhine reactions with the cardiolipin tests

4 The micro shde cardiohpm test, herewith described 13
somewhat more sensitive than the standard Kahn 3 tube test
with the same antigen This 1ncreased sensitivity 19 due to the
fact that no diluent 1s added to the shde test, while the diluent
added to the tube test tends to disperse some precipitates

5 It 18 believed that multiple ratios of serum antigen sus
pension m a test for syphilis give, in the long run, more depend
able results m individual cases of syphilis than does a single
ratio of serum antigen suspension

6 The determination of the value and limitations of a tes!
with cardiolipin antigen, as mn the case of any new serologi
test for syphilis, can be made only by ofiicial and impartial evalu
ation studses in which the proposed test 1s employed in the
examination of “unknown” specimens
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PRELIMINARY EVALUATION OF A COOPERATIVE
STUDY ON THE EUGLOBULIN-INHIBITION TEST FOR
THE SEROLOGIC DIFFERENTIATION BETWEEN TRUE
AND BIOLOGIC FALSE POSITIVE REACTIONS
FOR SYPHILIS

Hans Neuratht

Under the auspices of the Syphlis Study Section of the Divi-
s10n of Research Grants and Fellowships, National Institute of
Health, U S Public Health Service, a cooperative survey study
was orgamzed 1n 1946, with the obyect of evaluating the euglobu-
lin inbition test? when carried out n hands other than those
of the ongmators of this technic The results which are pre-
sented hierein are preliminary to a full report whch will be made
after completion of the survey study*,

The details of the prieiples of the euglobulin inhibition test
have been recently deseribed m 2 series of publications!® The
essential features of this method are as follows

1 A serum protemn fraction 1s 1solated from whole serum by
2 process of 1soelectric preciptation under controlled conditions
of protein concentration, pH and temperature This fraction,
which according to 1its solubility characteristics 1s denoted as
“cuglobulin,” contains 50 per cent or more of the total serologic
activity of the whole serum Ii contains about 7 per eent of the
total serum proteins, 13 per cent of the gamma globulin fraction,
and 1s essentially free of serum albumin

Quantitative serologic titrations are carried out on this euglo-
bulin fraction, using a phosphate-saline buffer, pH 6 8 as diluent

2 Another serum protein fraction, which 1s currently ob-
tamed as a by product of the plasma fractionation program of
the American Red Cross, Fraction 1V-1, contains an nhibitor
which specifically mhibits the floceulation reaction of euglobulin
fractions of human sera from individuals who give brologie false
positive reactions for syphilis  This serum protemn fraction con-
tans mamly alphe globulins, associated with about 15 per cent
hipoidal materral of which about 7 per cent comprises cholesterol

* Since it has mot yet heam = b s )
sults to a cooperative
1deag exnrescad w #%
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and cholesterol esters® In order to demonsirate nhibttion, or
lack of wlubition, ancther aliquot of the euglobulin fraction 18
subjected to quantitafive serologic titrations sn the presence of
this inhibitor, serial two fold dilutions being made with specified
concentratons of the inhibitor as diuent A graphical illustra
tion of the method and of the types of results that can be ob-
taned 13 given 1 Fig 1

ROUTINE_EUGLOBUL(N - INHIBITION METHOD
Serum Geo
HCl 00027 N 45 cc

Cold ~ Precipitation of Euglcbulin
Dissolve Precipitate m Buffer to 125¢cc

Serum 1 ct. Euglobulin 06 ce. Euglobuhn OS5ec
Buffer  O8ecc. Inhibition 0 5 ec.

Jd 0 L

Serum Control Euglobulin Gontrol Euglobulin - Inhibator
Serial two-fold Diuhons with

Buffer Butfer Inhibitor
[‘%,’S? ++ + +
BFP

+4 4 -
t‘fvwe

Since experience has shown that serologic titrations with ear
diohpin antigens yleld fewer equivocal results than serologit
titrations with the cruder beef heart antigens, the present evalu-
ation was hmited to analyses obtamed with two cardiohpin ant
gen emulsions  These are 1 The Rein Bossak cardiolipin emu!
sion (RB) and 2 the cardiolimn antigen emulsion developed at
the Venereal Disease Research Laboratory (VDRL) Typical
results obtained with a syphilitic and with 2 biologic false post
tive human serum are 1llustrated 1 Table I

The laberatories who have participated in this survey were
) The Division of Serology, Army Medtcal School, Washington
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TABLE 1

Representative Example of a Rout ac Euglobuha
Inh'b tion Test

Dluton
o
Fracuon " v I 12 [ 14 l 13 ' 116
Syph 1t Type
Serum 1z 3 1
Eaglobul a pel 3 H 1 0 0
Evglobuln + fohbtor] 2t 3 1 +

B olor ¢ False Posiive Type

Serum 1x 2 * [ 0
Euglobul n 2x 4 4 4 2 o
Euglobu o +Ink b tor] 2r o 0 o [ [

D C**, b) the Venereal Disease Research Lahoratory, Staten
Jsland, N Y 4, ¢) the laboratones of Dr Charles R Rem, New
York, N Y 1, and d) the Iaboratories of Duke Untversity School
of Medicine, Durham, N C

The serologie technies of these four laboratories were stand-
ardized by the exch of serum and by mutual con-
sultations of the techmeians The serum specimens used 1n the
survey were mitially numbered by code and the results obtained
in each laboratory submitted to Duke Umversity for evaluation
Cliniea) histories of the patients from whom serum spectmens
were obtamed were subsequently submutted, the sera decoded
and the serologie results compared to the climeal histories  Only
those sera which chimeally were defimtely of the syphilitic or
biologic false positive type were considered 1n this survey No
consideratron was given to the mitial serum titer, to the stage
of the disease or to the extent of antisyphilitic therapy that was
admimstered to syphlitic patients, nor was the chimcal cause
for a biologie false positive reaction regarded as s hmting factor
in the selection of sera The single exception was sera from

**Mr John F hent has 1€
that laborate t has been wn charge of the wark carrted out n
r Ad
laborata
tDr

Y
Harris has been n charge of the work carrred out in that

Ty
Charles R Pen has been i charge of the work in that }aboratory

~
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TABLF IT
Krnown Biologie False Positive Human Sera
Laboratory
Serologic
ype Antigen
1 n 1 w
No % | No %) Mo 9% | No %
BT RB 38 2231 24 179 41 244 30 21
VDRL | 36 202] 25 217) 49 292] 29 204
RE 1 64| 9 66| 6 36| 1 77
BT?
VDRL | 7 42| 6 44| 7 42] 10 70
REB 6 35| 5 37] 0 o 7 21
sT
vore | 2 12] 0 o0 | o o 2 14
RB 1 06] 2z 15] 0 o 1 07
5T
VORL | 2 12 0 o | 0 o 1 07
) RE 7 41] ¢ 30] 0 o 0 o
o
< \DRL 1 o6l 1 o7f 0o o 1 07
N RE 07 61| % o511 720 97 684
& vore (122 migl 98 m2lm el 9w w8
Toul 170 ftn 168 142

untreated patients with early primary syphilis, with a serum
tater of less than 4 units which have already been shown to yield
equrnvocal results until the serum titer increases beyond 4 units,
as the disease progresses!

About 75 per cent of all biologic false positive sera were from
patients with experimentally induced malaria§ The results ob-
tamed with the series of known brologie false positive human
sera are given 1n Table II Six categories of serologic reactions
were established for purposes of evaluation (column 1):

B T denotes “brologic false positive type” and refers to com-
plete mhibition of the serologic activity of euglobulin fractions
1 the presence of the inhibitor

§ These sera were obtamned through the efforts of Mr John F Kent.
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B T ? denotes “suggestive of brologic false positive type” and
refers to low-titer euglobulin fractions (1 umt and less) ||
Inc denotes “inconclusive results” and includes euglobulin
fractions which gave equivocal degrees of inhibition
Neg denotes “negative euglobulin fractions,” regardless of
the serologie titers of the whole serum
The two types of cardiolipin antigen emulstons are considered
separately, 1e RB (Rewn Bossak) and VDRL cardiolipn anti-
gens
The results were separately analyzed for each of the four
participating laboratories (denoted by Roman numbers) In-
spection of Table II reveals some variations among the results
obtained 1n each of the four laboratories with regard to the per
cent distmbution among the six categories of serologic types
These variations are due in part to variations in serologic activi-
ties of the euglobulin fractions, thereby shifting the results from
STtoS T%horfromB T toB T ?oreven toneg However,
variations were n part also due to defimtely contradictory re-
sults, one laboratory reporting a B T reaction for a serum on
which another laboratory reported an § T, or § T ? reaction
Vanations 1n titer were the more frequent of these two causes
for discrepancies
A detailed analysis of the results will be made upon comple-
tion of this study It may be stated at this time that on the
average about 3 per cent of all brologic false positive sera gave
reactions which wete erther of the syphibitic type or suggestive
of the syphilitic type, and about 1 to 2 per cent of the sera of
this group gave inconclusive results Thus, the euglobulin-inhibi-
tion test has failed 1n about 5 per cent of all sera of biologie
false positive orimin  About 70 per cent of these sera gave nega-
tive results, 1e the euglobulin fraction being serologically in-
active
An analogous analysis of the known syphilitic human sera
13 given 1 Table III The same considerations apply to this
group of sera with respect to deviations among the four labora-
tories as were made above for the hiologte false positive group
of sera On the average, 5 to 6 per cent of all sera tested gave
Il The d ferentiation between B T and B T 7 reactions_and between
ST and S Tesctions has been tentatively introduced mn order to
evaluate i this study the influence of titer and of degrees of mhibhition
- = his finer dufferentiation
and § T reactions
. 1 of the mummal degree
T and 8 T reactions.
.



Loy

TABLE 1L
hnows Syph 1 t ¢ Haman Sera
Laboratory
Seplos < N
e ntigen
" 1 1 1 w
No @ | No 9% | No o | No %
RB 66 778] 50 s33] 46 7] 53 688
sT
VDRL | 66 778| 4 733] 28 s12] 3 #12
Ay
RB 8 93| S5 83| 4 48] 5 63
ST ?
\DRL | 8 93| 6 100] 10 16| 11 13
RB 2 24{ 0 0 4 59 2 26
BT
VDRL | 1 12{ 0 o | 3 44| 2 16
RB 2 z24 1 17 4 59 2 26
BT
YDRL [ o 2 34 4 59 3 39
S RE 27 24| 0 0 | 3 44 2 26
e \DRL 3 35| 3 sof 3 44 2z 26
RB s s9l 4 67| 7 13| 1B 169
N
< \DRL | 7 g1 § 83] 20 95|25 324
Total & @ 68 7

serologie types of results which were definitely at variance with
the c¢himeal status of the patients from whom the sera were
obtamed, 1e giving results of the brologie false positive type
or suggestive of the biologie false positive type Since some of
these sera were from patients who had received a full course
of antisyphilitic therapy, 1t may be conjectured that the reman
g serologic activity 1n these sera may be due to antibodies of
the biologic false positive type, and that accordingly the biologie
false positive type of reaction may be genuine  However mnvifing
such an explanation may be, 1t has not been considered m the
evaluation of these results

Three to 4 per cent of the results obtamed with the known
syphilitic human sera were inconclusive, and 10 to 20 per cent
were negatne

The most rigorous interpretation of all the results which 80
far have been obtamed 1n this survey places the specificity of
the euglobuhn inhibition test at a level of about 90 per cent
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This 1s definitely the lower hmut of resolving power because
several of the causes which are responsible for equivocal results
may be eliminated by a series of experimental 1mprovements of
the test which have been discussed elsewhere! These will be con
sidered 1n more detail i the final report on the present coopera-
tive study

At the present time, the euglobulin mnhibition test 1s still bemng
regarded as an experimental procedure and recommendations
concermng 1ts use for routine diagnostic purposes will have to
be deferred until completion of this project

This project has been rendered possible by the unfaiing co-
operation and assistance of the other members of this research
project Mr John F Kent, Dr Charles R Rem, and Mr Ad
Harms It1s a pleasure to record the author s thanks and indebt-
edness to these investigators A final report on this project wall
be made jointly by the entire group
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DISCUSSION OF PAPERS ON SEROLOGIC
TESTS FOR SYPHILIS

Dr B 8 Rlme (Mount Sina1 Hospital of Cleveland) Work
done with Eagle Hinton Kahn hline and Mazzim ant:
gens obtamed from the originators and cardiolipin and lecithin
solutions obtamed from Dr Pangborn® in shide tests of cases
of malara showed false pomtive results with eardiohpin and
leerithin 1n optimal proportions to be almost meghgible (about
1%) whereas those with the other antigens averaged about
15%°* Furthermore comparative shide tests with optimal car
diolipm lecithin antigen and with Kline antigen i a series of
27000 tests showed the amazing result of only 7 false positive
reactions 1n 24 000 non syphilitic sera with cardiolipin leeithm
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REPORT OF THE CENTRAL STATISTICAL UNIT ON
SCHEDULES INVOLVING AMORPHOUS PENI-
CILLIN IN AQUEOUS SOLUTION

By
Margaret Merrell

INTRODUCTION

In the discussion following our report a year ago, this gronp
raised a number of questions concerned with two 1ssues® first,
as to the effect on the failure rates of stiffening the crateria defin-
1ng failures, particularly with regard to serological failures, and
second as to the effect on the conclusions of poohing different kinds
of cases, such as different stages of disease, both sexes, colors,
etc, mn deterrunmg the rates

I have therefore prepared the present report so that these
1ssues may be examumed To meet the first point I have determined
the failure rates for chumcal failures only That 1s, any case 15
considered a Success unti he 1s reported as a chinteal farllure  This
means that some persons previously classified as farlures are for
the purposes of this report classified as t they
had a record of serological but not chnieal farture, for others the
time period when they are considered farlures 18 later than int the
previous classification smee the chmeal farlure followed the sero-
logical, and for still others there 13 no change 1n the time or
rewson for assigned failure Although I am presenting figures
only for climeal failures I shall indicate at some pomts how the
comparisons would be altered if serological fayures were
cluded

With regard to the second tssue, the cases have been separated

into three groups, primary males secondary males, and secon
dary females It 13 recognized that it would be desirable to sepa-
rate them also as to color and chmie  The distributions of cases
for these variables were determined, but 1t was impossible to
estimate the failure rates specific for all these factors because
the numbers were too small No rate was computed on less than
100 cases  This means that it 18 necessary to have quite a sub-
startial number treated in any given group in order that 100
should be still under observation and successful a year or more
after treatment

Tbe problem of the adequacy of follow up 19 always a difficult
one It must always be remembered that there 13 no guarantee
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that we are following a representative group of the cases treated
It 15 entirely possible that those followed contain a higher pro-
portion of chmical failure than would be found 1f everyone were
observed One piece of evidence that makes us feel that this
adverse selection 18 not too serious 1s that at the Ixst point where
rates were computed the distribution of cases followed as to
color, sex, and 1mtial diagnosis 19 just about the same as at
the start In this report only schedules handled at clinics having
a good follow up are presented
1 am confimng my report to schedules involving amorphous
m lut: Approximately 7,000 cases are
meluded in the analysis  All cases are brought up to date as
of October 11, 1947, or to the period of latest observation Dr
Rider will present the report from the Central Statistical Umt
on pemeillin 1 peanut o1l beeswax and erystalline pemcillin

RESULTS

Turning now to the actual rates, it will be well to look first
at the chimeal falure rates for all cases, irrespective of sex, race,
and diagnosis, 1n order to get a view of the general level of the
rates for different schedules

Figure 1 shows the cumulative elimeal fatlure rates for all
cases treated on 7 different schedule groups, ranging n total
dose of penteallin from 0 3 million umits to 4 8 mullion umts At
15 months the rates range from 12% to 25% 1In general the
rates improve with increased dose up to at least 12 mullion
umts The highest rate 15 for 3 million, the next highest for 6
million, and the next for a combined set of schedules 1nvolving
12 million The remaimng four schedules nvolving 12, 24,
and 4 8 million umts at 3 hour mtervals for 75 days, or 1n one
case 15 days, are all together at 12 to 14% at 15 months

It 18 found that the total failure rates determined on first
falure, whether serological or chmical, are approximately 15
times as large as the corresponding rates based on chinical fail-
ures only This relative change has the effect of separating the
rates more widely, since the schedule having a 10% eclimical
Imlure rate has about & 15% total fatdure rate, whercas & sched-
ule with a 20% climeal failure rate has about a 30% total failure
rate Thus differences which are barely sigmficant for climeal
farlures only may at times be significant for total failures and
we can feel reasonably sure that any sizable difference found in

the chimeal rates will be substantiated and usually enhanced
the total rates
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Table 1 shows the distribution of patients treated on these
schedules as to sex, color and diagnosis There are some appre
ciable differences as to kind of patients treated It may be scen,
however, that schedules 01 and 06 (06 million umts) are very
sumlar i distribution to schedules 02, 13, and 14 (1 2 mulhion),
so the results may be compared The schedules with the larger
dose show a maximum advantage in failure rate of only abou*
29 over those involving the smaller dose It will be noted also
that schedules 07 (12 mullion) and 09 (24 mullion) have very
similar distributions of patients Furthermore they are sched
ules which are alike except as to size of dose They show virtu
ally no difference 1n elimenl faillure rate

This evidence indicates that at about a year after treatment
with amorphous pemicillin in aqueous solution on any of these
schedules at least 10% of the patients show clinical relapse or
remfection It indicates further that 12 to 24 mllion units
gine better results than lower doses It will be noted that all
rates continue to rise over the entire period of observation

There are four of the schedules with doses from 0 6 mullion
to 24 millien unmits having large enough numbers of primary
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CUMULATIVE FAILURE RATES — PRIMARY MALES
CLIMCAL FAILURES ONLY
10n AMDRPHOUS PENICILLIN (AQUEDUS)
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males to allow comparison Fig 2 shows the comparison of the
rates None of them differs significantly at 15 months from a
other The rates for this group are only a hitle lower than t
corresponding rates for all cases They range from 10 to 15
at 15 months, when the corresponding rates for all cases rang:
from 13 to nearly 20% at the same period

The numbers did not permut computation of rates speci
for serological status and color, but referring back to Table
for the distribution of the cases, 1t may be seen that about o
third were sero negative, the proportion colored varied fro
about 75% for the schedule with the lowest dose (06 mullior
to about 509 for the schedule with the highest dose (24 mi
lIion). If the colored have hugher rates than the white, the faillnl
rates would be brought still closer together if we adjusted th:
factor

The falure rates for sccondary males for the same fot
schedules are shown n Fig 8 This graph looks very diferen
from the preceding largely because of the increase in rates 0
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CUMULATIVE FAILURE RATES — SECONDARY MALES
CLINICAL FAILURES ONLY
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the least favorable schedule There 1s no increase at all i the
24 milhon umt schedule Various explanations may be thought
of, which are worth further investigation One 18 that the small
dose which might be adequate to deal with a new infection 13
nadequate to deal with a longer standing ome, but that the
larger dose 15 competent to handle exther It 1s mteresting too
to see indication of some advantage of 24 million umts over
12mllion This advantage 15 shown still more definitely when
serological fallures are included
The elinieal failure rates for secondary females (Fig 4)

Dresent an essentially similar picture to that for secondary males

As before the lowest dose shows a definrtely ligher rate than the
higher doses The schedules 1mvolying 12 and 2 4 milhon units
are not sharply separated, the two schedules mvolving 1 2 being
above and below those mnvolving 24 The two of these schedules
which appear less favorable have a considerably higher propor-

tion of colored patients than the other two, which may account
for the results
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Fic 4
CUNULATIVE FAILURE RATES — SECONDARY FEMALES
CLINICAL FAILURES ONLY
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DISCUSSION

Viewing this discussion as a whole we find that even when
clinical failures alone are examined, at least 10% of the patients
treated are classified as falures at the end of the first year on
the most favorable of the amorphous aqueous penicillin sched
ules considered here and for the most favorable diagnostie group
These rates continue to chmb gradually over the entire observa
tion period Since we now have several schedules with substan
t1al numbers followed up to three years there 1s some possibility
that an analysis of the results over this Jong period may throw
some lhight on the difficult question of remnfection

The more rigid definition of failure demanding clinical signs
does mnot alter in any material way the conclusions previously
presented for all fallures although it does mimmze some of
the differences found for total failures because of the smaller
rates

On the other hand the consideration of the specific diagnostic
groups sharpens up some differences which were only suggested
when all cases were pooled In one group there was an mndication
that 24 million umts had definite advantage over 12 mullion
umts, which had not been seen in previous comparisons Perhap$
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the greatest value to the study of speafic groups 18 that 1t hag
suggested a number of other possible leads which we hope to
pursue relative to some of the questions involved in the continued
rise 1n failure rates

THE THERAPEUTIC CFFICACY OF AQUEOUS
PENICILLIN IN EARLY SYPHILIS

By
John F Mahoney, Robert D Wright, and John A Trautman*

In the present report some of the essential features of the
various schedules for Ilin tr of early syphilis, which
have been employed 1n the Venereal Disease Research Labora-
tory during the past five years, will be reviewed Also, 2 pre-
hminary stitement about a pemcillin routine in which the
duratton of therapy has been reduced to three days will be given

Only patients with early syphilis have been included 1n any
of the schedules In all mstances the diagnosis was estabhished
beyond any reasonable doubt All patients classed as seronega-
tive are negative to all recogmzed tests for syphihs as well as
free from all evidence of chimcal disease A regrettable, but ap-
parently entirely unavoidable, loss of patient materal from post-
treatment observation 1s refliected 1n &1l of the treatment groups
Thig probably 1s due to the nomadic tendency among seafaring
men who comprise the larger part of the patient group Com.-
mercially available pemeilling of various manufacturers were
employed

The imbial treatment schedule as listed im Table 1 was
12 mllion units of the antibiotic given m 20,000 umt doses at
2 hour intervals for 60 mjections The total treatment perrod
was 7V days This original schedule was a fortunate chorce
8ince 1t supplied the basts for the study of more 1ntensive sched-
ules At no time were schedules of lesser int ployed

It may be of interest to recall that the orgmal group of four
Patients the treatment of whom formed the basts of the first
Teport on the penieillin therapy of syphilist, were treated with
12 mullion umts It may be of general interest also that these
four patients are still under observation and that, as they pass

into the sixth year, all are seronegative and free from chmecal
evidence of the disease

—_——
* Venerenl D Si
Itany 5 o1 Disease Research Laboratory U § Marine Hospital Staten
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A total of 92 patients were treated by the original schedule
‘Without attempting to break the data down into precise cate-
gories, 1t may be stated that a total of 61 of the group attaned
seronegativity It was considered advisable to re-treat 17 pa
tients This included individuals re treated for any reason
serorelapse, serofailure, clinical relapse, or remnfection Of the
re treated group mine have heen observed to reach the negatne
phase, and an addifional seven were progressing 1n a satisfactory
manner when last observed The results of this treatment sched
ule, which was in the nature of a preliminary trial, were con
sidered to be highly informative

As soon as the re treatment rate 1n the wntal schedule ha
reached a reasonable Itmit, the study of the second schedul
was undertaken This schedule employed 40 000 umts of pent
cillin 1mnjected at 8 hour intervals for a total of 60 1njections
The total pemeillin was 2 4 million units and the period of treat
ment was 74 days There were 98 patients m this group, o
whom 74 attamed seronegativity Ten were re treated for somt
one of several reasons, the remaiming patients were lost fron
observation while in the indefinite serologic status Of the ter
re treated patients five attained seronegafivity and four wer¢
progressing 1n a satisfactory way when last observed

In the third treatment schedule a basic change was made
The interval between injections was reduced to two hours anc
the number of injections increased to keep the duration of
therapy at about 7V days

The results of the admimstration of pemeillin at 2 hour inter
vals were studied in three groups of patients, approximately
1100 1n all The first two groups were treated with total pem
cillm dosages of 1 5 mllion and 1 7 miihon umts, respectively

The group considered to be of greatest smportance was 728
patients who recerved 40 000 umts of pemeillin on 2 2 hour bast$
for a total of 85 mnjections The findings 1n this group have been
published 1n detail2 Of the group 1t was considered advisable
to re treat a total of 25 individuals Although 1t was felt that
& farge propurton of Grese represented mew mrections, ai Lne
been grouped 1n the re treatment category Five of the re treated
patients had attained seronegativity and 13 were progressing
satisfactorily when last observed On the whole, this schedule
produced results which prompted the conclusion that a desirable
mmprovement of the therapy would be to reduce the time pertod
during which the patient 1s hospitalized The last schedule, now
under study, has this objective 1n view
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The final schedule 1nvolves the use of 72 mullion umts of the
antibiotic admimstered m injections of 200,000 umts at 2 hour
ntervals for a total of 86 mnjections This reduced the period
af hospitalization to three days, instead of the 714 days required
hy the previous schedule The details of this study are indicated
m the following table
Of the total of 491 patients, a considerable loss of material,
caused by falure of posttreatment observation, 1s indicated
Many of those apparently lost from the study will be encountered
at a later date
In the 1mitial observation period, 126 of the patients attamed
seranegativity and seven were re treated for one of the usual
1easons The remamnder were making satisfactory progress in
accordance with the criteria which had been developed 1n the
previous studies That five of the re treated cases were the result
of remfection 1s the measured opinion of the climeians who
were in a position to assay all factors concerned with each
mndividual 1nstance
In the second observation period interest centers in the fact
that the ratio of seronegative patients imcreases i relation to
the total number observed This feature has been noted 1 other
study groups The longer the posttreatment period of observa-
hon, the higher becomes the proportion of mdividuals who attain
Seronegativity In this period an additional five patients were
re treated All were considered to be remnfected
In the observation period extending up to the beginmng of
the second year, all but 19 of those observed had attained sero-
negativity and an additional four, n whom, again, the evidence
bomnted to remfection, had been re-treated
Although a detauled comparison of the most recent schedule
'{nth the most successful of the 715 day schedules 1s not possible,
he general characteristies of the paiterns are sumlar If the
ctontinued observation of the patients fails to reveal evidence
;’lf relapse or of treatment failure 1n a proportion greater than
23 been encountered 1n previous groups, the inference will be
warranted that the curtailed treatment period may be safely
substituted for the longer period There will remain to be worked
out o more precase pemeilim dosage ‘The present level of 72
million units may be, and probably 1s, excessive
thel;amm the pubhic health aspect, the 1deal type of antisvphilitic
with g}f’ Xsl one which may be employed 1n ambulatory patients,
Py e clinic or rapid treatment center serving as the focus for
gnosis and treatment According to the present state of

o
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hnowledge only a repository type of preparation can function
i this way It 1s hoped that more adaptable and more consist-
ntly reliable preparations than those developed up to the present
will make their appearance Such an eventuality would greatly
enhance the control program In the meantime, 1f hospitalization
18 to be required, the 3-day routine represents an appreciable
~aving for a health department
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REPORTS OF THE CENTRAL STATISTICAL UNIT

II AmonpHous PENICILLIN VERSUS CRYSTALLINE PENICILLIN
G, III AQUEOUS PENICILLIN VERSUS PENICILLIN-
OIL-BEESWAX

By
Rowland V Ruder*

Most of the comparisons that wall be made 1n this paper
between amorphous pemieilin and erystalline pemeilln &, and
between the aqueous and the peanut oil beeswax vehicles will
be based on cumulative farlure rates The definitions of farlure
used will be mentioned when specific comparisons are bemng
wmade Other assumptions and definitions have been detatled
eatlier reports of the Central Statistical Umt

Sufficient data for statistical analysis have been reported on

our schedules ustng crystalline pemeillin & Two schedules
called for 24 milion umts to be given aver a period of about
75 days One of these had a 2 hour interval between njections,
the other 2 8 hour mterval For each, about 650 cases were
treated and reported

The other two schedules are similar as to duration of treat-
ment and interval between injection, but call for twice the
amount of pemscithn, 1€, 48 million umts Shghtly over 800
cases were troated and reported for each of these schedules

The 2 4 milkon umt schedules will be examined first There
were four schedules 1n the study which used 24 mmillion umts
of amorphous penierllin One of these, using a peanut oil-beeswax
vehcle, 15 unsmtable for comparison with the crystsllme G

—
B, Depariment, of Biostatisties The Johns Hopkins Umversity School of
J&ene and Pubhic Health
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schedules both because of insufficient follow up and incompara
mtervals of mjection The other three 2 4 amorphous schedt
involved 3 hour intervals between injections and total duratx
of treatment of 4, 75, and 16 days They exhibited stmlar {
ure rates To make the comparson between crystalline G ¢
amorphous as specific as possible, then the 2 4 amorphous sch
ule using 75 days duration will be used

CUMULATIVE FAILURE RATES — ALL CASES
GLINICAL FAILURES ONLY
CAYSTALUNE G V5 AMDRPHDUS

24 MILLION ONITS OVER 74 DAYS

.

—=~ AMORPH ¢ J
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If clinteal failures only are included no very marked dife
ences between the amorphous and the crystalline G appear
broken Ime represents the results obtammned with amorphot
pemtcillin, the continuous hne with erystaline G For this c¢?
parison the two crystilline G schedules involving 24 mille
umts have been combined The combination seems Justlf:
because the results for these schedules were not sigmifical
different and the cases treated 1n the two schedules have sl
distributions of race, sex, treatment diagnosis, and chmc

If, mn addition to cases observed to fail clinieally, we el
among the failures serorelapses and seroresistants for wh
clineal failure was not observed we find a much more marh
difference between amorphous and crystalline G
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Again the broken hne 13 for the amorphous The size of thig
difference 1s so great that some explanation other than chance
must be sought for 1t

The clintes contributing to the amorphous group differ some-
what from those treatmg with crystalline G, but correction for
this would make the observed difference even greater

This 13 true also 1 the case of race differences, since mn the
amorphous group the ratio of white to colored cases 1s two to
one, while 1n the crystalline G group the ratio of white to colored
cases 1s one to three

GUMULATIVE FAILURE RATES - ALL CASES
CRYSTALLINE & VS AMORPHOUS

3,.‘ 24 MILLION UNITS OVER 7§ DAYS
o
£ o
= e -
< e
< 204 oo
w -
i< "—
£ s
z -
g e
& =g
w 7 o
J
g
3 | /
£ 2 AMORPH  q 3HR
© -_— G q23HR
°

0 2 4 6 B 10 2 B 16 1B 2 22 24 2 28
MONTHS FOLLOWING TREATMENT

The diagnosss differences are not great and are of & balancing
sort and so can not be credited with an mfluentral contribution
to the ohserved differences 1n failure rate

In the amorphous group there were 2 males for every 3
females, whereas in the crystalline G group this ratio 1s reversed
This 13 the only apparent difference, a correction for which might
reduce the diserepancy between the G and amorphous failure
rates  However, an exammation of the sex specific rates for the
amorphous schedule shows no difference so that 1dentical pro-
Portions of each sex m the G and amorphous groups would 1ot
thange the comparisor
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This comparison, then, offers gtrong evidence that results
obtamed by crystalline G are superior to those obtamned by
amorphous penicillin up to the fourteenth month following
treatment

We find the same sort of thing when the crystalline G sched
ules using 4 8 pullion units are compared with amorphous sched
ules using identical total dosage, duration of treatment, and
mtervals between injections

CUMULATIVE FAILURE RATES — ALL GASES
GLINICAL FAILURES ONLY
30 CRYSTALLINE G VS AMORPHOUS
48 MILLION UNITS OQVER 7-8 DAYS

~=- AMORPH 4 23HR
— B q A3

CUMULATIVE PERCENTAGE FAILING

0 2 4 6 8 10 12 4 6 I8 20 22 4 2 83
MONTHS FOLLOWING TREATMENT

The rates 1n this comparison are based on clinical farlures
only and show roughly the same size difference as was shows
by the 24 schedules The broken hne represents a combination
of two amorphous schedules, the continuous line the two crss
talline G schedules The combinations are justified on the same
grounds that were mentioned concermng the 24 mullion uni
schedules

Looking at the same groups of cases, but this time with the
definition of failure including serorelapse and resistance Weé
find, as we did w1th the 2 4 schedules, a difference that 1s unlikely
tobe due to chance The sex, race, treatment diagnosis and clinie
differences between the amorphous and erystaline G are t00
slight or 1n the wrong direction to account for this difference
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* CRYSTAWINE G VE AMORPHOUS
301 48 MILLION UNITS OVER 7-8 DAYS

CUMULATIVE PERCENTAGE FAILING
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CIMR.J S B e e e vt 2o e L L B R B S L
4 6 8 10 12 W 16 18 20 22 24 26 28 30
MONTHS FOLLOWING TREATMENT

T
2

The conclusion may reasonably be drawn that up to the four-
teenth month following treatment pemeillm crystalline G, when
gven 1 quantities of 24 or 48 milhon umts over a 75 day
period at the rate of an mjection every 2 or 3 hours, gives results
:Iupermr to those obtained by amorphous pemeillin of comparable

osage

It mught be pointed out that the evidence at hand 13 insuffi-
clent to indicate any difference between 24 and 48 million
umts of G, or between the 2 and 3 hour intervals between
njection.

There were no consistent differences between the G and the
amorphous regarding reactions to the treatment as these were
reported

Turning now to a comparison of vehicles, analysis of the
reports recewved on the use of amorphous pemeillin does not
Justify the conclusion that there 1s any difference between the
cumulative failure rates obtained by the use of the peanut oil-
beeswax vehicle and the rates observed among cases treated
with pemenllin 1n aqueous solutions

Two schedules using peanut oil-beeswax used a total dosage
of 48 million umts of amorphous pencillin over an 8 day period



[102]

This comparison, then, offers strong evidence that results
obtamed by erystaline G are superior to those obtamed by
amorphous pemcillin up to the fourteenth month following
treatment.

We find the same sort of thing when the crystallne G sched
ules using 4 8 million ynits are compared with amorphots sched
ules using identical total desage, duration of treatment, and
miervals between inject ons

CUMULATIVE FAILURE RATES — ALL CASES
GLINICAL FAILURES DNLY

1 CAYSTALLINE G V5 AMORFHOUS

1 48 MILION UNTS OVER 7~8 DAYS

~~= AMORPK ¢ 23HR
— 6 qasme

CUMULATIVE PERCENTAGE FAILING
"

2 4 6 8 10 1 W B 1B WV R M P BN
MONTHS FOLLOWING TREATMENT

The rates mn this comparison are based on clineal farlures
ouly and show roughly the same mze difference as was show?
by the 24 schedules The broken line represents a combinatio?
of two amorphous schedules, the continuous lhine the two er3s
taifline G schedul The binations are justified on the same
grounds that were mentioned concerning the 24 mullion umb
schedules

Locking at the same groups of cases, hut ths tume with the
definftion of falure ncluding serorelapse and resstance We
find, as we did with the 2 4 schedules, o difference that ys uplikely
to be due to chance 'The sex, race, treatment diagnos:s and chie
differences between the amorphous and crystallne G are to°
shght or n the wrong direction to account for this difference
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By bining the two hedules this comparison may
be carried to the fourteenth month following treatment The
continuous hne represents the two P O B schedules Only clinical
failures were used in this comparison

GUMULKTIVE  FAILURE RATES — ALL LASES
PEANUT DIL — BEESWAX VE AOUEDUS
48 MLLION UNTTS

CUMULATIVE PERCENTAGE FAILING
3

4 ==~ A} ¢ 2,5HR TEDA
—— POB gi224HR 2 DA

0724 6 B 0 R W 6 B @ 22 2 % 20 30
MONTHS FOLLOWING TREATMENT

This shows the results if serclogic farlures not accompamed
by elimical failures are mncluded Thus by the fourteenth month
no difference between the P OB and the aqueous 1s detectable
on the basis of cumnlative farlure rates

Examining the P OB schedules using 9 6 million umts by
& comparison with a single schedule using the same total dosage
n aguecus solubon we arrive at the same conclusion, whether
climeal faitures only are included, or all failures

The conclusion of previous repoits remams unchanged,
namely, PO B does at least as well as agueous pemieillin

In the over all reaction rates theie 1s no difference between
the particular P OB and aqueous schedules that we have been
discussing  There 13 some indication that abscesses at the pomnt
of injection are more common when P OB 1s used However,
only six cases were reported out of 1597 cases with reaction
information No such cases were reported in the smaller aqueous
group here considered Also, among the PO B cases two or
three cases of pan and swelling 1n the region of the injection,~

F
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were mentioned against none from the aqueous group. The jnci-
dence of Herxheimer reactions was about the same in each
group.

GUHULATIVE FAILURE RATES ~ ALL LCASES
CLINICAL  FAILUAES ONLY
30 PEANUT Dt - BEESWAX V5 AOUEQUS
96 MILLION URTTS

-~-AQ q 3 HR IS OA
—— POR g If84HR 16SE0A

CUMULATIVE PERCENTAGE FAILING

0 2 4 6 8 0 12 B b B 20 22 24 2% B
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CUMULATIVE FALURE RATES — ALL CASES
PEANUT DIL — BEESWAX V5 AOUEDUS
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~~= AQ ¢ 3 WR I1SOA
— FOB g 2481HR JSE0L

CUMULATIVE PERCENTAGE FAILING
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TRECATMENT FAILURES VERSUS REINFECTIONS
FOLLOWING PENICILLIN THERAPY
IN EARLY SYPHILIS

By
R C Arnold and F P Nicholson*

Our conception of syphilis as an infectious disease can be
clearly set forth by analogy with another infectious disease—
malaria Each has a specific therapy, pemcilin and quimne,
respectively, which cures 1f given 1n adequate amounts Inade-
quate treatment results 1n relapses or in sumilar states of latency
or chromeity We should expect, then, that the host of early
syphilis who has been cured can be reinfected as can the success-
fully treated malarial patient

Syphilis differs from malana, perhaps, 1 being more capable
of arousing the host s immune response If treatment 1s delayed
until these processes are well estabhshed, then reinfection after
adequate therapy may not take place until the resulting immu-
mty has d d Insome , the existing local tissue
immumity may adversely affect the spirochetal invasion so that
a symptomless reinfection will occur

Since the advent of rapidly completed antisyphilitic therapies,
especially m the half decade of pemcillin usage, reinfections have
been noted with increasing frequency Serologic or chinical re-
lapses were observed too frequently in the early experimental
schedules but, as the ad time dose relationships were de-~
termined, the relapse rate steadily dechined Relapses and re-
1nfections assume major roles 1n the scientific studies designed
to evaluate the values of antisyphilitic therapies A relapse 18
a true treatment failure A reinfection 1s an ymmune or prophy-
lactic failure and should not adversely affect the efficacy of
therapy The differentiation of relapse from remfection has
been considered to be a difficult and controversial subject but
the solution of the problem should be approached by an unbiased
evaluation of the experimental, chimeal and laboratory data
related to all phases of the disease

The primary premise of remfection 18 The host has experi-
enced a previous infection from which 1t has completely recov-
ered In previous publ 1t was d ated that reinfec-
tion could be produced 1n ammals with acute or latent syphihis

—_—
* Venereal Disease Research Laboratory U S Marine Hospital Staten
Istand, N Y
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3 ta 1l

within ten days after the letion of
therapy The mamfestations of the disease resulting from the
second spirochetal 1nvasion varied with the duration of the first
nfection and the subsequent development of local and systemue
immune forces by the host All ammals adequately treated ‘for
early syphilis could be remfected, yet only 27 per cent dev eloped
a new lesion at the site of the second induced invasion It has
since been demonstrated that the chancre of the remnfection may
occur at the site of the original chancre Symptomless 1nvasion
was also noted 1n 53 per cent of the amimals treated for latent
syphilis, the remainder were Immune to the second nvasion of
the Spirochaeta pallida Since symptomatic and asymptomatic
remfection may occur and simce the symptomatic remnfectron may
resemble a serologic relapse, the differentiation 1s difficult unless
the serologic pattern jields sigmficant datr

If the chinical and positive serologic mamfestations of the
syphilitic host disappear after therapy and if the seronegatne
host expertences a second darkfield positive chancre, then 1t 1s
generally conceded that a reinfection occurred Examples of this
tvpe of mvasion and sub=equent reinfection have been observed
as early as one or two days and as late as two years after the
completion of pemcillin therapy Since symptomatic reinfections
ocecur 1n the human host, 1t 1s reasonable to assume that asy mpto-
matic remfections also oceur

The serologic manifestations of relapses and reinfections hwe
been studied to see 1f the quantitative tests portray characteristic
patterns for each condition It was observed in the patients
that had developed serologic and elinieal relapse or only sero-
logic relapse that the relapsing titer levels off at a pomt below
the origmal titer On the other hand if the host experiences
a second syphilitic mnfection or a nonspecific stimulus, the sero-
logie titer rises rapdly to a higher peak than was observed with
the original infeetion Obviously if retreatment 1s started imme-
diately after the development of the second darkfield positne
chancre, the titer may not have ample time to reach the huigher
levels

Chart 1 illustrates a serologic relapse, pliteau formation,
and successful therapeutic response A patient with early secon-
dary syphihis had a pretreatment Kahn titer of 64 dils (dil = the
highest dilution 1n which a positive result 18 obtained) The
madequate therapy given the patient reversed the titer to the
negative phase 1n 12 wecks, but subsequently a defimte sero-
relapse (treatment failure) developed In the 18th week the
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titer relapsed to 16 dils, thereby forming a plateau which was
mamntuned until the 25th week At that time adequate pem-
allin therapy was given which was followed by a reversal to
the seronegative state which has persisted without interruption
CHART 1
SEROLOGIC RESPONSE IN PENICILLIN TREATMENT
OF SYPHILIS

J S =Secondary Syphits — Serolog ¢ Relopse

TIVE DRUTIN

QUANTITA

A,

™ -
g r 25 2 2 69 79 77 e
WEEKS OBSERVATION AFTER START OF THERAPY

4

Chart 2 illustrates two serologic failures before successful
treatment A patient with secondary syphilis had a pretreatment
hahn titer of 64 dils  After madequate therapy the titer declined
gradually 1n § weeks to 2 dils There was a subsequent relapse
to the 32 dil level which was observed for 3 weeks A second
nadequate course of therapy caused the titer to decrease to the
negative phase which was followed by the second serologic
relapse to the 16 dil level This second plateau was observed for
a total of 27 weeks A third, and adequate, course of pemecillin
‘Wwas given, after which the titer gradually approached and finally
reached the negative phase on the 193rd week (not shown on
shde) It s interesting to note that the levels of the titers were
diferent for each serologic relapse, but at no time did the titer
T15¢ above or equal the origimal pretreatment level If this patient
had been given an adequate dosage of Ihin after the first
relapse the favorable serologic response which was noted would
probably have continued to the negative phase Also 1f adequate
therapy had been given as soon as the second relapse was evident,
the response might have taken place more rapidly It 1s believed

>




CHART 2
SEROLOGIC RESPONSE IN PENIGILLIN TREATMENT OF SYPHIUS

128 Cose 8— Secondary Syph!s— Two Serologre Relopses
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that certamn host factors mnfluencing pemeillin utilization by the
body, mstead of stram resistance, were responsible for the treat
ment failures Another patient infected with the same stram of
Spurochaeta pallida recerved the same original inadequate dosage
and subsequently developed a serologic relapse The second course
of pemcillim therapy was the same for both individuals, yet only
one responded 1n a satisfactory manner

Chart 3 demonstrates serologic failure 1n very early latent
syphiis  The patient had a pretreatment Kahn titer of 16 dils
Following madequate therapy, the titer dechined to an 8- or 4-di
level which persisted for 44 weeks A second pemicillin reqimé
was given on the 44th week, after which the titer graduslly d&
aneased end, Gnally waaahed the wayuaa phasr o the 1ith
week With quantitative tests, in treated syphihis a one tube
fluctuation above or below the plateau may be expected

Chart 4 demonstrates primarv syphiis and subsequent Y&
nfection (primary type) The patient was treated with per
cillin for early primary syphilis  The highest Kahn reaction w5
a 8 plus qualitative result which declined to the negative phase
in 4 weeks The scrologic pattern remained negative until the



CHART 3
LCA- EARLY LATENT SYPHILIS = SEROLOGIC FAILURE
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9th month when the patient experienced 2 second infection which
produced a dramatic and significant rise n serclogic reactivity
During the period of treatment the peak of 128 chls was main-
tamed Serologic response to pemeillin therapy for the reinfec-
tion was prolonged, but eventually on the 30th month the nega-
tive state was reached and was maintained to the 52nd month
CHART 4

SEROLOGIG RESPONSE IN PENIGILLIN THERAPY
St Prmary Syphts = Renfecton
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Chart & illustrates the serolpgic pattern m secondary syphils
and remfection (primary fype) The patient had secondary
syphibs with a Kahn titer of 32 dils Following therapy, the
seronegative phase was reached 1n 8 weeks and remamed so untd
the 70th weeh At this time the host experienced a primary
remfection which produced an exploswve serologic reaction which
attained 256 dils on the 21st day After treatment 1t was pos
sible to follow the subsequent dechine for only one week

Ct r5

SEROLOGIC RESPOVSE IN PENICILLIN TREATMENT OF SYRPHILIS
__Slzﬁ/.//-l-s«mdary Syph!s = Rermfecton (Prmary)
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It has been noted that nonspectfic stimul e g, small pox 43¢
cination, may produce serologic patterns that resemble the onts
of syphilitic reinfections The posttreatment observahons and
the clintel studies 3 reld clarifying data for the nonspecific sero:

logic marmifestations
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PENICILLIN IN EARLY SYPHILIS: AN ANALYSIS OF
THE DISCREPANCIES BETWEEN THE RESULTS OF
ARNOLD ET AL AND THOSE OF THE
CENTRAL STATISTICAL UNIT

By
Frank W. Reynoldst

In November 1947, Arneld and his co-workers! at the Vene-
real Disease Research Laboratory in Staten Island published a
report of their experience with penicilin m early syphihis Thewr
results, so modestly presented, have aroused considerable inter-
est because they are sigmficantly superior to any previously re-
ported erther by the Central Statistical Umit® for the chmes co-
operating 1n the nation-wide penteillin study, or by others

Having been given access* to the data from the Central Sta-
tistical Unit, as well as from the U S Marine Hospital at Staten
Island, 1t has been possible to make certain observations and
comparisons that tend to clarify the apparent discrepancy be-
tween the results of the two groups
(1) Defiution of Terms It 1s first to be noted that the data of
Arnold et al are based upon cumulative retreatment rates,
whereas those of the Central Statistical Umit are m terms of
cumulative failure rates The two are not synonymous The
Staten Island group reserves retreatment for those patients who
are observed to have erther overt clinieal relapse (or remfection)
or indubitable serologic relapse, the latter based upon the re-
sults of a battery of carefully controlled serologic tests, thus
minimnzing technical varmations in any one procedure The
Statistical Umt has considered as failures not only these two
groups, but also patients with “non conforming” serologic re-
lapses (based on the results of one test rather than on a battery
of tests), as well as a group who “fa1l” because of being serore-
sistant

In order to determine the degree to which this difference 1n
defimtion of terms (and serologic procedures) mfluences the
outcome, appropriate Statistical Unit schedules** were rean-
—_—

& '{l’hrough the courtesv and cooperation of Dr Margaret Merrell Dr

m?dw and Rider, and Miss Gwendolyn Futcher of the Central Statistical Unit,

3 of Dr John F Mashoney, Director Venereal Dicease Research Labora

et U S Marine Hospital, Staten Istand

oy These schedules were selected as bemg most like that of Arnold et al
e detals are as shown below

Heayston of Research Grants and Fellowships, National Institate of
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TABLE I

PENICILLIN IN EARLY SYPHILIS COMPARATIVE RESULTS OF
OLD ET AL AND THE CENTRAL STATISTICAL UNIT

Arnold Central Statistical Unit
et al
34 (A) 48 (B) 48 (€) 96 (A)B)&(O)
q2hr q2hr q3hr q3he  Comb ned
7% days 8 days 8 days 15 days
No of
Clnies 1 3 9 9 16
Pts Treated 728 143 134 299 S67
Days After
Treatment
~ 30 0 00 000 0 00 000 000
31 -60 000 114 012 102 059
61 - 91 0 41 388 123 313 225
2 - 121 106 718 276 607 4 62
122 - 151 152 10 8¢ 403 8 60 7 34
152 - 182 200 882 10 81 893
183 ~ 212 2 00 1211 12 67
213 - 242 229 12 48 1319
243 - 273 229 14 07 14 28
274 303 2 €6 453 15 42
304 - 333 308 1519 15 42
334 - 365 355 15 27 16 03
366 ~ 39> 355 16 43
396 - 425 475 18 08

alysed on the basis of the Staten Island criteria It was possible,
among a group of 566 patients, to exclude 19 from the group of
75 ‘faillures” Representative of those reclassified are the fol
lowing (Table II)

A recomputation of the Central Statistical Unit data based on
Staten Island criteria (Table 1IT) indicates that it 1s possible to
reduce substantially the cumulative failure rate, but that there
still 1s 2 sigmificantly higher percentage of failures than reported
by Arnold and his co-workers
(2) Differences wn Patient Populafion There are obvious 0if-
ferences 1n the patient populations treated at Staten Island and
those treated by the cooperating clinics  In Table IV are shown
the race, sex and stage of disease distributions in the two groups
Especially noteworthy 13 the fact that the Staten Island group of
patients consists largely of white males with primary syphilis,
whereas the largest single group of CSU patients 1s made up of
Negro females with secondary syphihs
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TABLE HI

RECOMPUTATION OF CENTRAL STATISTICAL UNIT DATA ON BASIS
OF STATEN ISLAND CRITERIA

No Observed CSU Critena lSuun Island Crten:
Days After Total | This Period
Treatment or Later Fail | Cumul % | Fal { Comul %
ures Failures ures Failures
35

0-28 19 531 0 0 0

29 - 56 32 512 3 59 3 59
57~ 84 30 480 8 2125 8 2128
85 ~ 112 27 450 11 4 62 8 39
113 - 140 24 423 12 734 10 626
141 -~ 168 25 3 7 898 S 743
169 ~ 196 30 374 15 12 67 1 10 15
197 ~ 224 18 344 2 1319 [ 1015
225 ~ 252 21 326 4 14 28 3 10 98
253 - 280 4 305 4 15 42 4 1215
281 - 308 24 281 0 15 42 0 1218
309 ~ 336 16 257 2 16 03 1 12 49
337 - 36% 7 241 1 16 43 1 12 85
365 - 456 123 204 4 18 08 ] 12 85
457 - 548 7 8 1 1

549 ~ 639 17 44 [ 0
640 - 730 15 27 1 1
731 - %12 12 12 0 0

To als 566 75 56

It 1s difficult to demonstrate in the CSU material any statis-
tically valid difference hetween the races, the sexes or between
primary and secandary syphilis (Table V). There are, neverthe-
less, trends favoring whites, males, and these mn the primary
stage of the disease  When a comparison 1s made of white males
with primary syphilis sersus Negro females with secondary
syphths (Fig 1), there 1s a difference that could oceur by chance
alone but once 1n 267 times  (x/8=2 90).

There can be, therefore, hittle question but that the results of
Arnold and hus co-workers are influenced favorably by the
type of patients they have treated
(3) Differences tn Follow-up (a) Success —It has been pre-
sumed that patients who are lost from post-treatment observa-
tion are cured or fail of cure at the same rate as do those who
rematn under observation There 1s some indirect evidence that
this 1s not the case CSU clinies whove follow-up 1s good hate
had quite uniformly higher failure rates than have those whose
follow-up record 18 less satisfactory

It 1s perhaps of some sigmficance that the follow-up of pa-
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tients treated at the Staten Island Marine Hospital necessarily
s relatively poor, for the reason that most of the patients are
Terchant seamen and difficult to keep under observation Ap-
Toximately 30 per cent of the patients are lost from observation
S 500n as they leave the hospital, and at the end of one year,
90ly shightly more than one-third are stall available for follow-up
the (b) Frequency of post-treatment observations —There 13 1n
: 2 Material of the CSU not a few patients whose serologic course
hg‘\:s an early decrease mn titer followed by an increase (sero-
e relapae), the latter frequently not as hugh as the pretreat-

Ntlevel 1t possible that some of the Staten Island patients
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with “unchanged or improved serologic status” have followed
such a course and mught have been classed as serologic relapses
had more frequent observations been possible
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(4) Other Possible Factors There are other possible factors
It has been suggested that merchant seamen may be less Iihely
to be remfected especially from their original contacts , It also
has been suggested that additional antisyphibitic therapy 13
some 1nstances may be given to merchant seamen, since ther
trasels bring them in contact with physicians who may not be
cogmzant of newer methods of syphilotherapy What part, of
any these factors play 1s pure conjecture

Discussion It will be noted that all of the factors tend to favor
mmmal farlure rates mn the Staten Island series, and to emph?
size the ncidence of farlures 1n the cooperating chinics

Arnolid and fus co-worke1 impiy a specral virtue m the adan?
1stration of penicilin every two hours Schoch? also has found
the two hour intersal to be more satisfactory than schedules
mvolung mjections every three hours On the other hand,
Thomas* has observed no significant difference between tio 8™
three hoar injection intervals  Moreover, the expersmental wor
of Eagle Magnuson and Fleischman and the chimeal data of
the Central Statistical Unit suggest no advantage in shorteni®é
the time 1nterval between injections



‘Whether there 13 any inherent vartue 1n the two hour schedule
i be neither affirmed nor categorically demed from the evi-
ence here adduced It does seem, however, that the apparent
1screpancy between the results of the Staten Island group and
20se of the Central Statistical Umit can be resolved without tak-
1g 1nto account this variable
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THE JARISCH HERXHEIMER REACTION IN EARLY
SYPHILIS TREATED WITH CRYSTALLINE
PENICILLIN G*

By
Thomas W Farmer, M D **

The transtent ntensification of the symptoms and signs of
arly syphilis shortly after the mnstitution of therapy (1e the
Jarisch Her<heimer reaction) has been repeatedly observed
after mercury, bismuth and arsemical drugs  In 1943 Mahoney,
Arnold and Harrs first described the same febrle and cutan-
Ous reactions in patients with early syphilis within eight hours
after the iitia] mjection of commereial penerllin
The usual symptoms and signs of the Herxheimer reaction mn
early syphibis nclude any one or combination of the following
1 Systemic or febrile phase of the reaction chilhiness, ele
sation of temperature malasse, headache, and nausea
Focal or cutaneous phase of the reaction edema or paimn
;n the Primary ulcer, enlargement of or pam i the regional
Ymph nodes, intensification of a secondary eruption or of other

—_—
v

Hm&"’é“ the Johns Hoplins University and the Umted States Pubhe

Center ervice Veneroal Disease Research and Post-Graduate Traimng
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local lesions, or the development of a generalized roseola in 8
case of primary syphihs Al of these signs and symptoms occur
between 4 and 48 hours after the initial injection of pemeillm.

The available evidence suggests that these febrile reactions
occur only 1n syphilis and yaws They have not been observed
after the admimstration of penicilin in patients with non-spiro-
chetal 1nfections

A detailed evaluation of the febrile phase of this reaction s
of practical significance 1n relation to 1ts possible use as an ad
m the diagnosis of undetected early syphiis Also studies of
the reaction n relation to mtial dosage have an sndirect appli
cation to the problem m neurosyphilis and cardiovascular syphili
of finding a method of preventing symptomatic reactions The
studies to be presented are also of theoretic mterest in relation
to the mechanism of this unusual reaction

RESULTS
1 INCENCE The mcidence of febrile reactions following
the administration of crystalline pemeillin G was studred among
a group of 939 patients with early infectious syphilis treated
by 20 cooperating chinics These patients were treated with
1mtial doses of 25 000 to 50 000 Oxford umts and with total doses
of 2 400 000 to 4 800 000 Oxford units of pemreillin admmstered
miramuscularly Temperatures were recorded every four hours
Of this group 384, (41 per cent) had febrile reactions (Table

TABLE I

The Relat onsh p of the Inc dence of Febr le React ons to the Race and Sex of
Pat eats W th Earlv Syp! |'s Follow ng Crystallne Penclln G

Race Total No No wth Febrle| Pereentagew b
Treated Reactons | Febr le React on
Whee 186 85 6
Negro 753 299 0
Total 939 384 4
Sex
[
Male 498 207 42
Female 41 177 40
P
Toral 939 384 4




+  No significant race or sex differences in the mcidence and
verity of febrle reactions were demonstrated

2 RELATIONSHIP TO THE STAGE OF EARLY SYPHILIS The rela-
onship of the mcidence and severity of febrile reactions to the
age of early syphilis among 800 patients treated with crystal
ne penrcillm G 13 shown i Table 2 Febrile reactions were
bserved with equal frequency and severity in patients with
ronegatne primary, seropositive primary, and secondary
yphilts The incid of this ph was 89 to 43 per
nt mn these three groups of cases The height of the febrile
esponse was just as great in the group of patients with sero-
egative primary syphilis as 1t was in the groups of patients
1th seropositive primary and secondary syphilis

TABLE 2

The Re at onsh p of the Inc dence and Seventy of Febnle React ons to the Stage
of Ear y Syphil s 1n Pat ents g ven Crystall ne Pen ¢ ln G

Type of Serone att ¢ || Seropost ¢
Febrie Primary Prmary Secondary Total
React on Syph I's Svphls Svphls

Numbe | % || Numbe [ 25 (| Number| 5 ! Number| %
Treated Treated Treated Treated

cver AG ades 46 32 92 43 19> 42 333 £

fade I 3| 19 s6 | 7| ws | oal | 2
@ l°F nse)

tade 11 9 8 B 9 | i st 10
(10 2°F nse)
rade 11 u | 22 3 15 33 10
2107 F nse) 5 7 ®
o febrile
Reaetion 72 | or| 12¢ | 7|l w2 | ss|l 47 | 58
Total g | qo0l| 216 | 100 4 | 200 00 { 100

3 RELATIONSHIP To DOSAGE A group of 121 patients with
early infectiony syphilis was studied at the Johns Hopkins Hos
Ptal In each case the diagnosis was established by the demon

tration of Treponema pallidum Those with fever prior to treat-
ment were excluded from the study The mmtral doses admims
tered inty. rly to those patients varied from 1 to 120 000

Oxford umts of pemicillin per kalogram of body weight In these
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patients who received more than a single dose within the first
24 hours, the amount given during the first s1x hours of treat-
ment was arbitrarily chosen as that amount responsible for the
Herxheimer reaction (Table 3). Temperatures were recorded
rectally every two hours, and a rise above 100°F. (37.8°C.) was
considered significant.

The incidence of febrile reactions over a wide dosage range
(10 to 120,000 u /kg. of penicillin varied from 40 to 56 per cent
with no defintte trend in relation to dosage. However, when
doses of penieillin of less than 10 Oxford unifs per kilogram wex
given, febrile reactions were no longer observed.

TABLE 3

‘The Relationship of the Incidence of Febule Reactions to the Dosage of Crystsl
line Pentcillin G Administeréd to 121 Patients Wath Larly Syphibs

Pemadhn Dosage Number of Number Wath Percentage With
1ven 1n First 6 hours Patients Febrile Reactiors | Febrle Reactions
mg kg units/kg
a
13-50 20 00— 9 5 6
120 000
b
26 4000 34 16 47
b
13 20060 22 12 55
¢
0038 57
007> 2 18 8 44
2
0013 20 10 4 40
2
0 007 10 10 4 40
a
003 5 8 o 4
2
0 0007 H 10 [ 0

.
Stngle dose only in first 4 hours
Therapeutic doses repeated every two hours

c
“Three divided doscs i first 81 hours, ard no further pentcillin for 48 houer



4 PATTERN OF FEVER The pattern of the febrile response
was studied 1n the group of 49 patients who had shown Herx-
heimer reactions (Table8) Since temperatures had been recorded
every two hours 1n this group detailed observations of the time
of onset, height and duration of fever were available These
factors were analyzed in the following three groups of cases
5 cases, which received large 1mitial doses, 28 cases which re
cewved average therapeutic doses and 16 cases which recetved
small doses of pemcillin

The temperature curves of 28 patients with febrile reactions
m response to average therapeutic doses of pemcillin (2000 to
4000 u /kg ) were studied The average temperature curve of
this group 13 shown 1n Figure 1 The febrile responses followed

Fic 1

Average Febrile Reactions
Follow ng the Use of Crystall ne Penicilln G in Early Syphls
in Relation to in tial Dosage

&

ATURE
bl

20000 to 20 000U /Kg {5 Cases)
2,000 19 4 000 u/Kg (28 coses}
Qtol Z u/kg ¢ 6 cases)

RECTAL TEMPER

€ 6 O 1 4 6 @
TIME N ROURS AFTER FIRST INJECT O

2 umform temporal pattern with the height of the fever as the
chief variable The earhest elevation of temperature occurred
four hours after injection By six hours 72 per cent of the group
had febrile rises above 100°F (378°C ), ard at eight hours,
90 per cent of them showed a rise 1n temperature The maximal
elevations were recorded between six and ten hours after mjec
tion 1n 90 per cent of the group In two cases the maximal febrile
Tesponses occurred between 12 and 16 hours after injection Al
of the temperature recordings were normal within 24 hours after
the first mjection

The average temperature curves of 6 patients with febrile
Teactions following large 1nitial doses (20 000 to 120 000 u /kg?)
and of 16 patients given small mtial doses (10 to 112 u /kg )
of pemicillin are presented 1n Figure 1 for comparison with the
£roup given therapeutic doses Over this wide dosage range the
Pattern of the febrile reaction did not change The earhest onset
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of fever was 4 to 6 hours after injection with the largest as well
as with the smallest doses of pemethn which produced a reachion
The maximal elevations of temperature were recorded between
6 and 10 hours after mjection 1n each of these groups, and the
average heights of the fever (1015 t0 102°F ) (387° t0 889°C)
were approximately the same All of the temperature recordings
were normal within 24 hours after the first mjection over this
dosage range The individual maximal temperature recorded 1
the large initial dosage range was 103 4° (39 7°C) at 8 hours
afier injection, 1n the therspeutic dogage range, 105°F (406°C}
at 6 hours after injection, and i the small dosage range
(104 2°C ) at 6 hours after imjection
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The similanty of the pattern of fever in response to small
doses and also to therapeutic doses of pemeilln 1s further 1llus-
trated in Figures 22 and 2b

5 RELATIONSHIP TO DISAPPEARANCE OF TREPONEMA PALLI-
DUM FROM LESIONS Observations were made on the relationship
of the Herxheimer reaction not only to the dosage of pemeillin
administered but also to the d ance of Trep pallz-
dum from darkfield positive lesions m the same group of pa-
tients  With 300 to 120,000 Oxford umts of pemallin per kilo-
gram early lesions became darhfield negative between 9 and 13
hours after the mitial mjections 11 all cases At 6 to 10 hours
after myection, febrile reactions occurred in one-half of these
pabients With 100 to 150 Oxford umts of pemeilin per kilo-
£ram, lesions became darkfield negative after longer time inter-
vals, which varied from 18 to 48 hours after injection In a
low dosage range (10 to 80 u/kg ), dark field exammations
Temamned persistently positive for 48 hours However, Herx-
heimer reactions occurred after the same time nterval and m
the same ‘proporfion as was chserved with larger doses Only
with minute doses of pentcillin (1 to 5 u /kg ) were febrile reac-
t1ons not ohserved Thus Hersheimer reactions occurred with
doses of pemjeillin as ittle as one-tenth of the mmimal amount
required to render lesions darkfield negative




6 DoUBLE HERXHEIMER REACTION Eight patients, who had
shown febrile reactions to small single doses (10 to 20 u /kg)
of pemeillin (Table 3), again developed febrile reactions when
they were given either a therapeutic dose or s repeated small
dose of penicillin 24 to 72 hours later This double Herxheimer
reaction 18 illustrated in figures 2a and 2b The temporal pattern
and the height of the second febrile reactions were similar to
those of the first In these patients repeated darkfield examna
tions remamed positive for Treponema pallidum in the time
mtervals between the first and second doses

This reduphcation of the reaction was not observed after
repeated large single doses of penteillin  Five patients, who had
shown febrile reactions to large 1mtial doses (20,000 to 120,000
u /kg) of pemcilin (Table 3), were given therapeutic doses
(2,000 to 4,000 u /kg ) of the drug 24 to 72 hours later None
of these pattents showed 2 second febrile reaction Darkfield
examnations 1n this group of patients became negative for Tre-
ponema pallidum within 13 hours after the first injection

SUMMARY

1 Febrile Herxheimer reactions were observed in 41 per cent of
939 patients with early infectious syphihs treated with crys
talline pentetlin G No race or sex differences 1n the 1nct
dence of febrile reactions were noted

2 Febrile reactions were observed with equal frequency and
severity 1n seronegative primary, seropositive primary and
secondary syphilis

3 In a group of 56 patients with relapsing secondary syphilis
treated with penjcillin the meidence of fever was 50 per cent
with the first treatment course and 38 per cent with the
second course of therapy Recurent reactions were no more
frequent 1n those whose first course of treatment was at «
tended by a febrile reaction than in those who had had no
fever the first time

4 Within a wide range of pemsenlhin dosage (10 to 120 000
0 /kg ) the mcidence of febriie reactions remamed relatnvely
constant (40 to 56 per cent) With extremely small doses of
penicillin (1 to 5 u /hg ) febrile reactions were not obsersed

& The temporal pattern of the febrile reaction was quite um
form, and was mdependent of the dosage over a wide ranget

6 Febrile reactions occurred with single doses of pemcillin 88
lttle as one tenth of the amount required to render carly
sy philitic lesions dark ficld negative



With repeated small doses of pentcillin (10 to 20 u /kg ) two
febrile reactions were produced in the same patient This
double Herxhemmer reaction was not observed after repeated
large doses of pemeillin

The mechanism of the Her<heimer reaction from penicillin 1n
early syphibs 1s not clear It 1s suggested that the available
evidence does not justify the hypothesis that the reaction 1s
due solely to the sudden destruction of large numbers of
spirochetes with the liberation of split proteins or endotoxing
Further studies of the phenomenon are desirable

MORPHOLOGIC CHANGES IN SYPHILITIC LESIONS
DURING THE HERXHEIMER REACTION

By
Walter H Sheldon and Albert Heyman*

The Jarisch Herxheimer reaction has long been recogmized
a complication of the treatment of syphihs This reaction
an umque phenomenon smce it oceurs only in response to
Wisyphilitic therapy It 18 thought to be caused by the release
8pirochetal breakdown products The syphihitic lesions fre-
uently show gross changes durmg this reaction but no hsto-
gic observations have been reported

We have made histologic studies of the cutaneous and mucosal
stons durmg the Herxheimer reaction in several groups of
atients with secondary «yphihs Defimte histologic changes
cur during this reaction These consist of congestion, edema,
HMeration of the vascular endothelium and acute inflammatory
I mfiltration The changes are confined strictly to the syphi-
t1e lesiong Thev appear within 5 hours after treatment and
ubside within 18 24 hours These histologic changes were found
! Practically all patients with clinieal Herxhermer reaction m
‘S:tﬁvph]htm lesions of the cardiovascular and central nervous

em

Our findings show that histologic changes oceur in syphihitie
Sions durmg the Herxhermer reaction These changes may
ceount, for the sersous clnical complications which are occa-
onally encountered Our findings also reveal a similarity be
:een the morphologic changes of the Herxheimer reaction and
e tuberculin type of hypersensitivity Further studies are mn
Togress which may lead to a better understanding of some of
¢ Immunclogic aspects of syphilitic mfection
———

!‘ From the Departments of Pathology and Medicme of Grady Memo-
™ Hospital and Emory University Sehool of Medicme Atlanta Georga
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THE JARISCH-HERXHEIMCR REACTION IN
NEUROSYPHILIS

By
Mark T Hockenga* and Thomas W Farmer**

This study of the Jarisch Herxheimer reaction 13 based upoz
an myvestigation of 349 afebrile patients with neurosyphilis who
were treated with aqueous pemcillin alone at the John Hopkus
Hospital between 1944 and 1948 It 18 concerned primarily with
febrile reactions and only darily with sympt tic phe-
nomena No attempt 13 made to compare these reactions with
those observed after other methods of treatment Rectal tem
peratures were recorded every twa to four hours on all pattents
and sigmficant elevation of temperature was arbitrarily defined
as a rise above 100° F (378° C)

Resurnrs

1 INCIDENCE OF I'EBRILE REACTIONS The fotal mcrdence was
84 per cent Reactions occurred after commercial pemeiliin 1
35 per cent (76 of 216 patients) and after crystalline pemillio

TABLE [

The Relat onsh p of the Inc dence of Febr le React ons to the Race and Sex of
Fat ents w th Neurosyph 3 Follow ng the Adm n strat on of Penc | n

Number Febr le React ons
Treatcd —
Number Percentsge
RACE
Whte 118 35 0
Negro 234 84 36
SEX
Male 235 82 35
Female 113 37 32
Tozal 349 1y 3

Gt 1n 32 per cent (43 of 133 patients) Since mcidence was not
related to type of pemicsllin the two groups are combined 1n 8
analyses except those relating to dosage

No sigmficant race or sex differences were dcmonstrzlk‘d
(Table I)

* The Johns Hopkins University and the United States Publ ¢ uc;ld
Service Venereal Djscase Research and Iost-Graduate Training Cem:.g
*s The Johns Hopkins Univers ty and the United States Publie th
Service Venereal Discase Research and Post-Graduate Trawming C¢
and Senor Fellow in Medicine National Institute of Health by th¢

t The crystalline penicillin G used in these stud es was mppll:dslyb
Commereinl Solvents Companv lot numbers 46042605 and 460360
tency 1500 1540 units per milligram
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2 INCIDENCE OF SYMPTOMATIC REACTIONS Among the 349
ases 1n this series, only 6 (17 per cent) hrd aggravations of
aental or neurologic symptoms during the first one to six days
fter onset of treatment There were convulsions m two in-
tances, eonfusion and disorientation 1n two, hallucinations and
elusions 1n one and signs of memngeal wrritation m one All six
f these patients had associated fever In four of them, the
liagnosis was dementia paralytica (an mcidence of 73 per cent
or this diagnostic group) and in two, asymptomatie neuro-
yphihs (rate of 14 per cent) The two indivaduals with asymp-
omatic neurosyphilis and one of those with dementia paralytica
1ad only transient symptoms with no recurrence during the next
wo to three years The other three patients, who had been rec-

‘TABLE 1T

The Relationsh p of the Inc dence of Febr le React ons to the
Stage and Type of Neurosyphil 8

Number Febe le React ons
D agnost ¢ Type Stage Treated
Number | Percentage
Acute syph 1t ¢ men ngis Farly 17 4 24
Asymptomat ¢ Early & Late 136 33 24
len ngovascular Early & Late} 73 28 36
'ement a para yt ca and Tabo-}

pares s Late 55 41 7%
Labes dorsal 5 with or without "

¥ mary opt ¢ atroph; Late 40 9 2
her e v Late 23 " 17
Lotal 34 19 31

sgmzed as advanced cases of dementia paralytica before treat-
ment wag commenced, were committed to mental mstitutions,
one of these was probated after three months, but the other two
have required custodal care for pertods of nine and thirty months
Tespectively

3 RELATIONSHIP TO THE DUPATION OF SYPHILITIC INFECTION
AND 70 THE DIACNOSTIC TYPE OF NEUROSYPHILIS In Table IE 1t
IS seen that among 17 patients with early acute syphilitic memn-
Silis, only 4 (24 per cent) had febrile reactions to pemeilln
Similarly 1n 27 cases of early asymptomatic neurosyphihis or
meningovascular neurosyphilis, 7 (26 per cent) had such re
Sonses In late neurosyphils, exclusive of dementia paralytica,
this phenomenon oceurred m 24 to 36 per cent of the individuals
treated However, 1t was observed m 41 (74 per cent) of 55
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Fie 1

RELATIONSHIP OF THE INCIDENCE OF £ARLY FEBRILE
REACTIONS TO THE DIAGNOSTIC TYPE OF NEUROSYPHLIS

100
K&1od
PERCENTAGE
WITH
REACTIONS
501
a5+ 294
CasES
DEMENTIA ALL. OTHER

PARALYTICA  NEUROSYPHILIS

patients with the diagnosis of dementia paralytica (Table I and
Fig 1).

4 RELATIONSHIP T0 CEREBROSPINAL FLum FiNDINGS Fof
the purpose of this study, we have arbitrarily regarded a white
cell count of 10 or more or a protein content of 40 mgm¥% o
more mn the cerebrospinal flind as abnormal Complement
fixation titers of 02 to 10 cc have been defined as moderatelf
positive, those of 001 to 01 cc, as strongly positive

The results presented 1n Table III and in Figure 2 show thst
the frequency of reactions increased directly with elevationd
1n white cell count and total protein, irrespective of the hiter @
the complement fixation test This increase was more m:u*ked
1n patients with dementia paralytica but was alsoseen toa Jesser
extent in patients with other types of neurosyphilis The highest
nctdence (93 per cent) was observed in patients with dementss
paralytica and with both cell count and protein contebt abno)

When 1meidence was related to the titer of the reachonl,ﬂ
the complement fixation test, to the exclusion of elevated el
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Fig 2

RELATIONSHIP OF THE INGIOENCE OF FEBRILE REACTIONS TO THE
ABNORMAUITIES IN THE CEREBROSPINAL FLUND

CELL COUNT AN COMPLEMENT
TOYLAL PROTE Nu FXATON TTER
D oo 220 p—
w0 oo e -
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and protein 1t was observed that the more strongly positive the
test the more frequent were febrile reactions This was true
1 all types of neurosyphihs but especially mn patients with
dementia paralytica (Table IV and Fig 2)

A finer breakdown of the data 1s provided in Table V

6 RELATIONSHIF TO BLOOD SEROLOGIC TESTS FOR SYPHILIS
There was no correlation of the incidence of febrile reactions
with serologic negativity or with the height of the serologre titer

6 RELATIONSHIP TO PREVIOUS TREATMENT Among 107 pa
tients never previously treated febrile reactions occurred in 41
(88 per cent) Of 87 patients who had received metal chemo-
therapy within a year of the admmmistration of pemieallin 28 (32
per cent) had febrile reactions Of 14 patients who had received
therapeutic malaria from two months to several years before
admimstration of pemaallin only 1 (7 per cent) had a febrile
rise In 9 patients who had received courses of pemcilhn 2
months to 2 years before present treatment 2 (22 per cent)
had reactions

7 RELATIONSHIP TO DOSAGE To 202 patients imtral doses
of pemieilin G ranging from 10 umts to 20 000 umts per Kilo-
gram of body weight were administered (Table VI) In each
of the dosage groups the percentage of patients with markedly
abnormal cerebrospinal flind findings and/or dementia paralyticd
was approximately the ssme The occurrence of febrile reactions
over this wide dosage range varied only from 26 to 32 per cent
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with no definite trend except that when doses as small as 10
umts per kilogram were given temperature responses were no
longer observed

8 PATTERN oF FEVER The pattern of the febrile response
was studied among the 119 patients described in Table II The
average temperature curve of this group 1s shown 1n Iigure 3,
1t 15 really composed of reactions which were maximal at 1nter-
vals varying all the way from 6 to 24 hours after the mnjection
of pemaillin  This 18 1n marked contrast with the uniform pat-

T 3
RECTAL AVERAGE FEGRIE REACT ONS FOLLOWNS TME USE OF
T e PENGILLIN IN MEUROSYPHLIS AMD IN EARLY SYPH LS
-
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o for bt
-
[
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Toms 30 aon tairaan pecasts

T el B W W W 8RB Nmm %% n o=
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tern observed in early syphilis The earliest elevation of fem-

Derature occurred four hours after injection Between 12 and 16

hours, 50 per cent of the maximal responses occurred, and the

Temaimng cases had equal distribution before or after this md-

dle period Approximately 75 per cent of the patients had tem-

perature§ above 100° F (87 8° C) at 16 hours after the mjec-
tion of pemeillin

F1c 4

AVERAGE FEBALE REACT ONS FOLLOWNG THE USE OF PENGLLN I
DEMENT A PARALYTCA AND IN OTHER TYPES OF NEUROSYPHILIS

- DEWENTIA PARALYTICA {4 CASER)
>eugTHER TYPEY OF NEUROTYPIMLIS {78 CASES)

T 4 & 6 6 z w6 & 2 2z 2 e
TIME INTEAVAL N HOURS AFTER FRST NJECTON

ENENE ]
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There was also considerable variation in the duration of fever,
but all of the temperature recordings were normal within 36
hours after the first injections

The patterns of febrile response were simular in all the diag
nostic types of neurosyphilis The average temperature curve of
the patients with dementia paralytica 1s presented 1n Figure 4
for comparison with that of all other types of neurosyphiis The
maximal responses 1n both groups were reached m 16 hours
after injection

The pattern of fever in 43 patients given usual therapeutic
doses of crystalline penicillin G was approximately the same a3
that observed in 12 patients given small 1mtial doses (20 to 40
u/K) The earhest onset of fever was 4 hours after imjection
1 each of the two groups The individual maximal eleva
tions of temperature were 1032° F (396° C) and 1038° F
(399° C) 1n these two groups This similanty 1n response to
small doses and also to therapeutic doses 1n the same patient
18 illustrated in Figure A

Fic 5A

DOUBLE FEBRLE REACTION FOLLOWING THE USE OF CRYSTALLINE
FENICILLIN G IN A PATIENT WiTH DEMENTIA PARALYTICA

Fﬁsﬁ AL OAY T z 3 T T E)

T Teve

< F

250 UN 75, ocRGe L 18
cavsTALL HE SNGLEDD S EveRY TWRLE
AL § HOURS

(23 wrg)

9 DOUBLE HERXHEIMER REACTIONS Of the 12 patients who
had shown febrile reactions to small single doses of pemeild
(Table VI), 9 again developed fever when they were given eithet
a therapeutic dose or a repeated small dose of pemeillin 24 o
72 hours later This double Hersheimer reaction 1s illustrated 10
Figures 5A and 6B Repetition of fever was not observed after
repeated large single doses of pemeillin
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Fic 5B

MULTIPLE FEBRILE REAGTIONS FOLLOWING THE USE OF CRYSTALLINE
PENICILLIN G IN A PATIENT WITH LATE ASYMPTOMATIC NEUROSYPHILIS

HOSPTTAL, DAY 1 2 3 l 4 l 5
RECTAL

TEMPERATURE CEREBROSPINAL FLUID

c °F {8EFORE F RST INJEGTION)
4of 104}

CELLS  —28 LYMPHOCYTES

FOTEIN =38 MG %
MASTIC —0000000000
103 GOMPLEMENT FIXATION — POSITIVE
WITH 005¢c TO
a9 10ce OF FLUID
102
. 01
38
oor I\ I

N
N

37
CRYSTALLINE | 'Q00UNTS  (CODUNTS 1000 UNTS 100000 UNITS
PENICILLIN G | 5NGLE DOSE  $NGLE DUSE S NGLE DOSE  EVERY THREE
(20 U/KG) 120 w/ks} (20 UG} HOURS
SUMMARY

1 Febrile Herxhemmer reactions were observed in 34 per cent
of 349 patients with various types of neurosyphihis treated with
pemaillin 74 per cent of patients with dementia paralytica had
reactions The incidence of reactions was also sigmificantly
higher m patients with abnormal cerebrospinal fld findings

2 The incdence of the reactions i patients recently treated
With metal chemotherapy was simlar to that observed in pre-
Viously untreated patients

3 The temporal patterns of the febrile reactions 1n neuro-
8yphilis were quite variable Maximal febrile responses occurred
over the wide range of 4 to 24 hours after the mnjection of pem-
cillin Approximately 50 per cent of the patients had maximal
:Ievahons 1n temperature between 12 and 16 hours after injec-

1on

4 The d of febrile react: following small imtial
doses of pemellin (20 to 40 umts/K) was the same as that
ahserved after the usual therapeutic doses Wath extremely small
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amounts (10 u /kg ) of penicillin, no temperature elevations oc
curred
5 With repeated small doses of pemcillin (20 u /kg ), double
and multiple febrile reactions were produced in the same patient
6 These observations demonstrate that febrile reactions
neurosyphilis cannot be prevented by the admimstration of small
wnitial doses of penicitlin in the range of 20 u /kg

DISCUSSION OF PAPERS ON THE JARISCH HERXHEI-
MER REACTION

J Lamar Callaway, (Duke Hospital, Durham, N C) Our
experience at Duke Hospital parallels the experience of invest!
gators at John Hopkins Hospital concerning some of the severe
Herxheimer reactions 1n syphilis of the central nervous system
We have seen febrile Herxheimer reaction in patients with
central nervous system syphilis following intramuscular njec
tion of 500 units of crystalline G pemicilin

Some of our most severe climical Herxheimer reactions have
occurred 1n patients with “asymptomatic neurosyphihs” who
had a grade 3 type of spinal flurd It 1s entirely possible that if
these patients had had careful psychometric examinations they
would have been classified not as asymptomatic neurosyphilis
but as pre paresis or early paresits It seems desirable that such
psychometric examinations be done on patients 1f possible

We have had both ‘asymptomatic neurosyphihs’ patients and
patients with general paresis who have had mild to normal
electroencephalograms before pentcilin was started develop
severe abnormalities of the electroencephalograms after climeal
Herxheimer reaction

We have also observed patients who develop a muld febrile
Herxheimer reaction on small doses of penicilin 1 whom the
drug was contmnued 1n a gradual step up fashion only to have
them show a more severe febrile Hervheimer reaction with
clinical symptoms when the full dosage was reached This m3)
represent a double Herxheimer reaction

Dr Moore has pointed out an interesting observation i which
1t appears that patients may do better 1f they are started on
fever therapy before penicillin rather than giving the pemeilhin
followed by fever therapy Except for the investigative aspects
1t would seem desirable to give patients a course of bismuth be
fore fever and penieillin therapy 1s instituted
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’ENICILLIN IN THE TREATMENT OF UNCOMPLICATED
GONORRHOEA
By
Ambrose King*

There 18 no doubt that pemieillin 15 a major advance in the
vethods of treatment of uncomplicated gonorrhoea if judged
'nly by the prompt effect in hmitingspread of infection and 1
yreventing complications The beneficial results have been so
bvious and so striking as to convince many that gonorrhoea
< no longer a public health problem, and that it may be dis-
egarded 11 any programme of research I propose to bring
vidence to suggest that some successes of treatment with
semeillhn are more apparent than real, and that gonorrhoae
etans ats character as a disease which tends to infectious
atency In the reported cases the evidence of climeal cure
3 usually supported by brief observation, lasting a few days
r a few weeks, and perhaps by a few negative smears and
ultures from the prostatic secretion or from the urethra and
ervix I contend that such criterra of cure are unrehable
\ly doubts are based on climeal observation which 18 even
more important than microscopic and cultural tests which,
ike 2ll other tests suffer from inherent difficulties of tech-
mque A positive culture test from a reliable laboratory ean-
not be 1gnored, but a negative test from the same source may
well be of no sigmficance In nearly all the male patients the gross
signs of urethritis clear very quickly, and if the patient 1s ex
*mined during the day, after holding urine for two or three
hours, he seems quite well and free from signs If, however, he
attends 1n the early morning before passing urine, and having
held 1t for e1ght hours or more, there are, mm many cases, 51gns
of residual infection such as shght secretion at the meatus from
which smearg show polymorphonuclear leucocytes, and m an
occasional case, gonococc, and the urine shows pus or pus
threads These signs often persist, and there may be also excess
of polymorphonuclear leucocytes n the prostatic secretion Some
?f these cases relapse with purulent urethritis, and gonocoee are
tf::d again Such relapses are usually attributed to re infec-

. In most female patients treated with pemcillin the organisms
tzplﬂly disappear from the secretions, and any symptoms due
gonorrhoea are relieved Signs of mfection of the cervix are,

.
Whitechapel Venereal Disease Clime London England
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.
howeser, very apt to persist, and eroston and mucopurulent dis-
charge may remain indefinitely, In some cases the gonococcus
persists or re appears, and in an occasional case it continues
do so 1n spite of magsive doses of pemcillin

The question of relapse or re mnfection can never be set! ed
finally because the two conditions are indistinguishable I sug
gest, therefore, that in assessing results the evidence should be
weighted aganst the drug under investigation, and that alt
caces 1n which gonococct are found withmn three months of the
time of treatment should be regarded as “relapses® This would
be an wmportant step to bring these 1myestigations i line with
the much more careful and conservative studies which have been
made on the effect of pemeillin 1 the treatment of early syphuiis
The explanation which 13 sometimes advanced to explam the
re-appearance of gonococer 18 that there are foe: of mfecton t0
which the penteillin in the blood stream does not penetrate There
1s hittle or no evidence for or agamst an hypothesis of this kind
for 1n most cases these patients show no chimeal evidence of
abscess formation or any other complication

In assessing these cases 1t may be demanded as the ultumate
eriterion of “pemicilin resistance” that gonococel mn subculturé
should be proved to be resistant to penicillin in vitro Undoubted
ly this test should be done, but, for various technical reasons
concerned with the difficulty of 1solating the organism in purt
culture, we have not yet succeeded n applymng the test to ouf
own cases as a routine procedure At the same time 1t may be
questioned whether the reaction of the gonococcus in the test
tube are a real index of 1ts probable behaviour i vivo The 1%
calculable factor of tissue immunmity 1n the host rematns In the
days when gonococel were termed “sulphonamide resistant” there
was hittle correlation between the findings 1n vivo and vitroe

To support my case for the validity of these views I present
the detaily of analyais of 1555 cases of fresh, acute, uncomplicat
ed gonorrhea 1n the male and 219 cases of sinular infection 12
the female All the female patients and 693 of the male patiest!
were mfected for the first time All were treated with a routin®
course of 150,000 units of commercial sodim pemetllin 11 wateh
consisting of five doses of 30,000 umits given at mntervals of tse
hours

Of the 1555 men, 288 d1d not attend for observation, and otk
g 1s known of their subsequent history, leaving 1272 10 who!
some could be attemp Three hundred and fili¥
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even of these attended for three months or more and 915 for less
han three months Eighty two (65 per cent) must be classed
s early fallures because gross signs of infection persisted or
reappeared within two weeks Of these 44 showed signs of
urethritis, with gonococer persisting in 23, while 26 had gross
pyunia without urethral discharge Such failures responded,
for the most part, to further courses of pemeillin Five other
patients developed epididymtis, five arthritis and two Cowperitis
within the first week after treatment with pemaillin During
observation after apparent cure from two to thirteen weeks after
treatment no less than 242 (19 per cent) of these patients de-
veloped an acute purulent urethitis, and 197 (15 per cent) of
them showed gonococer in the secretions Of the 197, ninety-
seven admitted further sexual intercourse, one hundred of them
did not In addition 214 (17 per cent) symptomless patients
showed evidence of residual infection 1n the prostate or semn
nal vesicles twenty four of them with abnormalities of pros
tate or semunal vesicles detected by the examiming finger and 166
showing gross excess of leucoeytes 1n the prostatic secretion,
five others showed gomnococel 1n prostatic smear and mineteen

TABLL 1
N Observat on
Tales Early Relapses | Resdual | Total Late
3 months | Less than | Failures Infect on Fa lures
—__|_ormore | 3 months
1555 =
242 =199,
less 357 915 s2= “laa =17 4 6 =36%
3 Ge+ =197
= 65% (15¢%) or or
i Ge—=45 | 99=8% |M1=2%
—_

8ave positive cultures of the vesiculo prostatic secretion It may
be contended that in some cases such residual findings were due
to past attack of infction One hundred and fifteen of these
214 patients gave histories of previous infection and 99 did not
Accepting only the 99 as proved failures n this sense, the pro
bortion 13 reduced to 8 per cent The total late failures obtained
by adding * relapses” to those with residual infection amounts
to 456 (36 per cent) or, after correction, 341 (27 per cent)

Of two hundred and nineteen women twenty did not attend
for observation and therefore assessment was possible 1 only
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one hundred and ninety-nine One hundred and fifteen of thes
rematned under observation for three months or more, an
eighty-four for less than threc months As I have indicated me
of these women continued to show some signs of mnfection,
mmmediate farlure was assessed 1n terms of the continued pred
ence of the gonococcus or its reappearance within two weeks
This happened 1n six cases (3 per cent). Disappearance of gon¢
coces followed re-treatment, with pemcillin In 32 (16 per cent

TABLE 1T
Observation
Females Early Relapses Res duik
3 months Less than Fatlures Iafecton
of more 3 months
219
less 20 115 84 6=3% 32Ge+ Most showe
= = 5500
199 J 18% &

of these patients the gonococcus reappeared during the late
period of observation-—in 17 during the first month, five durt
the second month, four during the third month, and i 6 mof
b ly Twelve ad i sexual intercourse and twent
dented 1t Among those who relapsed during the months of obse
vation six developed the signs of salpingstis and one Bartholmtt
This group of cases, male and female therefore showed &
immediate response to pemcillin which was just as satisfactor
as the general experience led us to expect There was, potwith
standing, much evidence to that 1n a derable nut
ber the infection was suppressed rather than cured The €02
tinuing evidence of a persisting low-grade infection, combité
with clinical relapse 1n a high proportion 13, to my mind, stro®
evidence that the results with this treatment are less satisfactoh
than 1s generally believed I am aware that many would be p¢
pared to write off the cases I have described as “relapses” as “7¢
nfections ” Yet the comeidence that such a large number ©
patients m this group, 197 men and 32 women, developed a I
ther attack of gonorrhoea within a few months 1, to my mir
too great to be convinetng The patients who continue observé
tion for this persod are, 1n general, the more balanced and 1¢
promuscuous group The commcidence 1s even more remarks ¢
when one considers that 58 of the 197 men and all 32 women b
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been treated for first attacks of gonorrhoea It seems unlikely
that they would be unfortunate again so soon It s always neces-
sary to remember, too, that one of the most sensitive provocative
tests for latent infection 1s the resumption of sexuval intercourse

I appeal then for more emphasis to be placed upan clineal
obvervation 1n tests for cure Judged by this standard alone there
18 an awakemng ahead for those who so firmly proclaim that
gonorrhoea 1s no longer a problem The value of cultural tests
has been stressed in recent years and certamly they are the
most important of the accessory methods available, but the sensi-
tvity of these tests 1s subject to great variation in different
laboratories, and even n the same laboratory at different times
‘Without clinical observation they are an unreliable imndex of
cure I appeal, also, for a more objective approach to the ques-
tion of “relapce’ occurring withm three months of apparent
cure Bearing 1 mind that this often happens to those patients
who are known to be reliable, and that sexual intercourse 1s
ttself an excellent provocative test I believe that all such cases
should be classed as ¢ relapses,” whether the possibility of re-
wfection 13 admitted or not
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VIABILITY STUDIES WITH N. GONORRHOEAE

By

Justine H. Hill, E Ellen Nell, and Adelarde M Mueller*

We wish to report today experiments on the influence of cer
tain chemical factors upon, first, the growth of the gonococeus,
and, second, upon 1ts viability

The experiments upon the growth of the organism deal chiefly
with the effect of certam amino acids and vitaming  These have
been studied from two ponts of view, that 1s, first, therr possible
stimulating or toxic action mn an adequate medium, and, second
their possible utihization by the gonococcus in an inadequate base

The adequate medium 1s that of Gould, Kane and Mueller!,
except that 1t has been further simplified by the omuission of
Iustidine, because, as we showed last year, we have not found
this amino acid of value 1n this medium The jnadequate medwm,
or base, which does not support the growth of the gonacoceus
15 the complete medium from which the glutamic acid has been
omitted You will note that the only sources of mtrogen i the
complete medium are the glutathione and the glutamic acid, and
that the only sources of carbon are the glutathione, glutamic
acid, glucose and starch To these one must add the carbon
dioxide 1n which the cultures are mcubated

In regard to mitrogen metabolhism, the evidence 1s that it 18
the glutamic acid which must serve as the source of this element
Although glutathione 1s one of the most important ingredients
of the medmm, the evidence now 1s that its value 1s in the
reversible oxidation reduction system provided by its sulfhydryl
group The fact that no strain of gonococcus will grow 1n the
base, 1n which glutathione 1s the only source of nitrogen, sup
ports the fact that glutathione 1s not 1tself used directly by this
organism for nutrition

Ths same fact makes 1t clear that the gonococcus does not
use glutathione as a source of carbon There 18 no evidence that
the gonococcus can attack starch Many strans grow without
glucose No evidence has yet been obtained that the gonococcus
can utilize atmospheric carbon dioxide under the conditions of
these expermments One 1s therefore justified in concluding that
the glutamic acid 18 the source, not only of mtrogen, but also
of carbon in the adequate medium

In considering the effect of the amino acids, 1t 18 1mpossible
to correlate the previous mnvestigations i which a farly wide

* Venereal Discase Division the Johns Hoplins Hospital
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range of these substances has been studied Thus McLeod,
Wheately and Phelon?, Lankford, Scott, Cox and Cooke?, Landy
and Gerstung* and Goulds ail used media which contained either
peptone or protein hydrolysates, which were not analyzed for
their armno acid contents  In view of the interaction of mang of
the ammo acids, as, for example, between those that can serve
as hydrogen donators and those that can act as hydrogen accep-
tors, and of the varation of the sigmificance of various vitamins
18 relation to amino acid content, 1t 15 1mpossible to draw more
than indications from such studies Although Hosoya and Kur-
noya® used a synthetic base, the number of their observations
was quite imited  We are left, therefore, with only the previous
study of Plack, Stokinger and Carpenter? for any general study
of the effect of amino acids upon the gonococeus 1n a synthetic
medium The complexity of therr medium means that many
months would be required to break it down to determne the
exaet role of any single ingredient or of any combination of
them We have therefore, preferred to use the much stmpler
media we have just described and to bwild up, first with single
aming acids, and, later, with combinations of them

We have quantitated these experiments by using, whenever
solubility permutted, 5, 50 and 500 mgs per cent of the amno
acid being tested It should also be stated here that marked dif-
ferences are observed with different strains, so that 1t 18 Tieces-
sary to test a number of cultures, as well as enough lots of a
given medium to control any possible variations from this source

Time does not permit a detailed discussion of methods, but
these may be summarized by statmg that 18 hour cultures of
recently 1solated strains are suspended and washed three times
m buffered saline, pH 7 2 74, contamning 015 per cent soluble
starch Plates are 1nocunlated with 0 05 ml of final suspension,
streaked, and incubated 48 hours at 36° C 1n 10 per cent carbon
dioxide They are then exarmned grossly and under a wide field
mMmicroscope, and tested for the oxidase reaction Smears and
Subcultures are made when 1ndicated

The effect of the 1ncluston of certamn smngle ammo actds upon
&rowth 1 the adequate medium 15 shown 1n Table 1  Alanimne,
leucme, tyrosine, cystemne and asparagine in appropriate
Amounts stimulated growth No stimulation was observed with
lycine, threonine, valine, phenslalanime, cystine, methiomne or
tryptophane The only analysis of these findings that can be made
2t this time )3 the observation that of the three sulfur-containing
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TABLE 1

Effect of Stngle Amino Acids upon Growth of the Gonococeus 1 an Adequate Med um

. Ammo Acd \1g% Strmulating] Mg No Effect | M, Toxe
Alan ne 5 and 50 500

Glycmne s

Leve ne S 50 500

Threonine m—— § and 50

Valne B I [N

Phenylalanine - 2> and 50

Tyros ne 0 62> and 6 25 625

Cyste ne 25 6-25

Cyst ne - 25

Meth on ne . e - 0 001-10

‘Tryptophane - 10 and 25 500
Asparagine 55030500 | o o o | e

amino acids, cysteine, cystine and methionine, stimulation was
obtamed only with cysteine It should also be noted that the
higher concentrations of glycine, threomne, valine, phenylala
nine, eystine and tryptophane were toxic

The more mmportant problem, the investigation of amino acids
capable of permutting growth of the gonococcus 1n an inadequate
medium 1s exemphfied 1n Table 2 n regard to single amino acids
or their amides You will observe that, 1n comparison with glu
tame acid, which 1n a concentration of 250 mgs per cent per

‘TABLE 2

Effect of S ngle Am 10 Ac ds or The r Am des on Growth of the

‘Gonococcus 1 an Inadequate Med um

lotal No of Noof Strans
Acd Ms % ra ns Growing

Alan ne s i 1
Theronine 5(5) ; i
500 8 3

Prol ne 50 H 3
PI— 5% i ;
Glutamic Acd 250 37 3t
2 16 15

Glutam ne 1 16 14
05 16 10
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nits the growth of 31 of 87 strains, or of its amide, glutamime,
vhieh, 1t 2 concentration of 2 mgs per cent, permuts the growth
of 15 of the 16 strains, no single amino acid has yet been found
»f the same order of activity Some effects have been noted with
iamne, threonine, proline and asparagine The single amino
1e1ds we have tested so far without any evidence of utilization
wre listed 1 Table 8

TABLE 3

Amino Ac ds W thout Lffect on Growth of the Gonococeus 1 an Inadequate Med um

Glvane
Leucre

Preaylalsnine
yros ne
Cysc ne
Cystene
Meth on ne
Tryptophane

In begimning to build up combinations of amino acids, we can
report today those shown m Table 4 You will see that the com-
bination of 25 mgs per cent of glycine and of the same amount
of threomine has permtted the growth of all of the six strams
tested, and that the other combinations have permitted growth
of half or more of the strains tested In regard to the glycme-

TABLE 4

Effcet of Comb ned Am 1o Ac ds on Growth of the Gonococeus
n an Adequate Med um

Total No_of Na of Strains

Am no Ac ds Mg % Stra s 0 v g
Glyc ne 25 6 6

Teon ne 25
Shyane 25 8 s

ne 3

Phenylalan ne % 5
Glycn 1
Cyitne 3 8
Glyc np 2 6 3
Tryptaphane z§
Tryptoph 8 H
PhcryiElamee Ly




[150]

threomne combination 1t should be noted that the glycige alone
was ineffective and the threonine alone had some effect, but less
than that of the combined amino acids

In regard to the vitamins, neither Lankford, Scott, Cox and
Cooke® nor Landy and Gerstung? have demonstrated their value
1n growth of the gonococcus Our experiments so far with sigle
+itaming, as shown in Table 5, and with a combination, shown
i Table 6* confirm the lack of value of the vitamuns tested
under the conditions of our experiments

TABLL 5
Vitam n3 That G ve No Stmulat on of Growth When Added § ngly

Class ficat on Viamn

By Th am ne

Bz Complex Ca'aym Pantothenate
R boflavine

Nacn

Chol ne

Pyr dot ne

p Amtnoberzo ¢ 4cid

[+ AscobeA d

In concluston of this section on growth factors, it now seems
evident that study of the amino acid requirements of the gono-
coccus 15 more important than vitammn nvestigations Landy
and Gerstung* have shown that the gonococcus can synthesize
p 1mnobenzoic acid, and, pending chemical proof, 1t 15 probable
that this orgamsm must also be able to synthesize other vitamms
Work 1n both fields 1s bemng continued

In regard to the viability of the gonococeus, Cole and Lloyd®
suggested that the factors for growth and for viability might
be different We have studied the effect of various chemcal fa¢
tors upon viability, chiefly by thewr introduction into infusiol
broth The method conssts essentialfly of the inoculation of the
experimental media and with subculture at 0, 1, 3, 5, 7, 14 21
or more days to the hmut of viability These tests have bee!
done at room temperature and at normal atmosphere becaus®
a secondary purpose of the study has been the improvement of

# Prepared by Dr Robert Nelson
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TABLE 6
Vitatun Mixture With No Lffect on Growth or Viability

Vitatmin Micrograms Percent
Thiam ne 20
Ca Pantothenate 20
R boflavine 20
acin 100
Chol ne 1
Fyndox ne . 100
Ino ol 100
Biotin. 01
Pteroylglitame Acrd o1

transportation media The following summaries mdicate the
mfluence of certain factors

1 The percentage of strans surviving for 8 days in four
wedia was as follows:

a 09 per cent sodim chloride 0
b Infusion bioth 300%
¢ Infuston broth with 03% soluble starch 840%
d Infusion broth, with 109 human whole

blood 68 0%

2 A comparison of from 0 0755 through 40% starch, added
{0 infusion broth has shown that the optimal concentration 18 5
or 10%

3 No difference 1n viabihty has been found in a comparison
of 1095 whole human blood, unheated, or “chocolated,” both giv~
mg viahility eurves which are both ligher and longer than that
of mfusion broth

4 The substitution of 1% hemoglobin instead of 10% human
whole blood gives equally good results

GENERAL CONCLUSIONS

By the findings here reported and by further studies of the
same problems knowledge 1s gained 1n regard to the fundamental
requirements of the gonococcus Differences between growth
and vinbility requirements can be determimed Upon the basis
of such findings 1t should be possible to stabilize the growth of
the orgamsm w 2utro and to obtam definition of the colony
types most migmificant m regard to virulence Such defimition,
I turn, will provide a basis for controlled 1nvestigation of the
mmunologie, chemoprophylactic and chemotherapeutic re-
Sponses of the orgamsm
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EXPERIMCNTAL GONOCOCCAL INFECTION OF THE
RABBIT'S EYE

By
C. Phillip Miller*

During the war the Subcommittee on Venereal Diseases under-
ook to improve the venereal disease prophylactics employed by
he Armed Forces As part of this program, an attempt was
nade to produce n some anmmal a local gonococeal infection
vhich would lend 1teelf to the testing of a variety of prophylac-
1c agents

Some years before, Dr, Walter D Hawk, working in my labo-
atory, was able to produce infection 1n the mouse by the ntra-
serttoneal 1 of muem of a stram of
onococeus, after 1ts virulence had been raised by repeated
amimal passage At the begmmmng of these experiments several
mlhon organisms were required to infect a mouse, but after
130 ammal passages during the course of 15 months, its viru-
lence was enhanced to a level which enabled inocula of less than
10 to produce & fatal 1 sepsis

This mtraperitoneal infection, however, was not suitable for
the testing of prophylactic agents Numerous trals to produce
urethritis or vagimtis failed m all of the ordmary laboratory
ammals Attempts were made, therefore, to mfect the conjunc-
tiva of the rabbit It was found that experimental gonorrheal
conjunctivitis could be produced if large numbers of gonococel
were placed 1n the conjunctnal sac and the lids closed and
sealed to prevent their movement Large doses of atropine were
admmistered to reduce the secretion of tears The serious dis-
advantage of thig method, however, was the frequency of con-
tamination by secondary mvaders
; The conjunctiva was, therefore, abandoned as a site of infec-

101 1n favor of the anterior chamber

. he rablits were prepared by an intravenous imjectron of
. Dzzphme or of demerol and the local application of 5 per cent
rate:ina to the conjunctival sac The aqueous humor was aspt-
cocer al’;;l replaced with 02 cc of a sahne suspension of gono-
ps 18 volume represents the average capacity of the

Rterior chamber of the rabbit's eye
Stl_Our best results were obtained with 18 hour cultures of a

ain that had heen passed several times in the rabbit’s eye,
* D,

of Medicine, U of Chicago
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& fact which led us to the conclusion that the organisms became
adapted to this particular envir t. The 1 were
found to multiply and to mvade the intraocular tissues, particu
Iarly the Jens and ciiary body Actual multiphcation of the
1noculated gonococct was proved by colony counts on suspensions
of aqueous humor and macerated lens and ciliary body 24 hours
after infection An acute inflammation resulted

The success of the moculation depended upon the numbers of
gonococel introduced into the anterior chamber Table 1 shows
that 1nocula of approximately 20,000,000 gonococer resulted
93 per cent of ‘takes” There was a greater number of eyes
this category because it included the controls for a series of pro-
phylactic experiments  You w:ll see that the percentage of
positive mfections fell with the size of the jnoculs, but that in
fection resulted in almost half of the eyes receiving as ferw a8
200 gonococel

TARLE 1
INFECTIONS RESULTING FROM INOCULATION OF DIFFERENT
NUMBERS 0F GONOCOCCI

Approximute Number of
number of Number of eyea  nfections
ponococe; oculated resulting Pergent

20,000,000 266 248 93
2,000,000 82 27 84
200,000 28 23 82
20,000 32 21 65
2,000 26 12 46
200 22 10 45

Duration of the mnfection was determined by moculating
Jarge serses of animals and keeping them ynder observation for
periods up to 14 weeks They were killed at ntervals and cil
tures were made of the scveral parts of the eye

In Table 2 you will sce that after the first week approxxmately
1/3 of the eyes were still infected  In other words, the mfecti?
became chronic 1n about a third of the eyes and persisted for 8
long as 14 weeks, the Iongest period of observation
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TABLE 2
DURATION OF INFECTION

As determmed by recovery of viable gonococer from eyes ab
various times after mnoculation

Timeafter Mumber of Number of Per cent
noculation eyes cultured eyes positive postive
1 day 10 10 100
2 days 11 10 91
3 ” 12 9 75
4 " 12 ki 58
5 7 15 7 46
6 24 11 45
T 23 8 35
2 weeks ] 2
3 ” 4 2
4 7 4 1
5 4 1
6 ” 4 2
T 2 1
g » P 3
9 » 4 2
w 10 3
i~ 6 2
2 7 2 0
1~ 2 2

The acute inflammatory reaction gradually subsided and many
cultures of aqueoug humor showed no growth but at autopsy at
the end of 9 weeks, cultures of the lens showed a confluent growth
of gonococeus

Agglutination and complement fixation tests were run on sera
obtaimed at weekly intervals on all of the rabbits m which the
1fection was allowed to become chrome None of them devel-
oped agglutinins to a sigmficant titre but a majority developed
complement fixing antibodies indicatmg a humoral response to
the localized mfection 1n the eye
thhe complement fixation test, however, was no more mdica~

@ of existing infection than 1t 15 1n man A posttive test merely
sigmified the presence of infection at some time 1 the past



YWhen this experimental fnfection was used for the testng of
prophylactic agents, the drug was introduced directly into the
anterior chamber within an hour after a standard mocula of
20 000,000 gonococes, & number which produced 1nfection in 9
per cent of the controls These eyes were enucleated after 24
hours The aqueous humor was asmirated and cultured The
cornea was then removed and the anterior chamber thorovghly
rimsed with sterile salime  The exhary body was macerated and
cultured and the anterior surface of the lens rubbed across the
surface of a blood agar plate

The most effective prophylactic was pemesllin which 1n a dost
2s small as 214 umts was uniformly effective in sterilzing 2
anterior chamber of gonococcr  Doges of 1 unit sterlized 87 per
cent of eyes

Mild and strong silver protein even in solutions much strongs
than are ever used 1 man were meffective 1 elrmunating gono
cocer from the anterior chamber They never sterilzed mor?
than 50 per cent of the eyes tested

A large series of tests was run with omtments contamning 18
per cent sulfathiazole and 30 per cent calomel, separately an
1 combination (Table 8) 'The sulfathiazole alone or in €02

TapLe 8
EFFECTIVENESS OF PROPHYLACTIC OINTMENTS
Composnition of Omiment

Sulfa Cal Eyes Stenle
Base thiazole omel on culture
aqueous 16% 80% 53/63 100%
15 —_— 26/26 100
30 27/28 96
olly 15 30 7/24  80%
15 8/8 37
30 1/6 17
83 8/66 16
aqueous ointment control 9/29 31%
oily omtment control 0/24 0

bination with calomel was 100 per cent effective 1n sterihzing the
eyes of gonococer when 1t was made up in an agueous or ams

g cream base Thirty per cent calomel alone 1n this vanishisg
cream ointment was effective 1n 96 per cent of the tests Bt
when these ingredients were made up in an oily or greasy st
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they ded 11 el ting from only 15 to 37 per
cent of the eyes tested

The explanation for the marked difference 1n the effectiveness
of these gonococeidal drugs in the two kinds of omtments was
found 1n the different behavior of the two after they were intro-
duced 1nto the anterior chamber The watery or vamshing
cream ointments which contained small quantities of a detergent
or wetting agent spread easily over all the surfaces bounding the
antertor chamber, whereas, the greasy or oily cintments failed
to do so even when they were umformly distributed by gentle
massage of the cornea 'The greasy omtment very quickly re-
agglomerated as you will see 1n the photograph showing that it
never properly spread and wet the tissues of the lens and 1r1s so
that the gonococer which had already penetrated into their sur-
faces were not reached by the gonococeidal chemmeals 1n the
omtment

SUMMARY

It was ble to d an exper: tal 1 nfee-
tion of the rabbit’s eye by moculation of the anterior chamber
The gonoeoce: were found to multiply and invade the intraocular
t1ssues, particularly the lens and ciliary body In approximately
1/8 of the 1noculated eyes, the infection became chrome and per-
sisted for as long as 14 weeks, the maximum period of observa-
tion The percentage of positive inoculations was roughly pro-
portionate to the number of gonococe 1njected, being 93 per cent
of eyes infected with approximately 20,000,000 gonococer and
falling to 45 per cent 1n eyes injected with approximately 200
gonocoect

Rabbits with persistent gonococeal infection developed posi-
tive ecomplement fixing antibodies fn their serum m a majority
of instances, mdicating & humoral immune response to this local-
zed mnfection 1n the eye A few of the ammals developed
‘tilet!rnonstrable agglutimms to gonococel, but never in sigmficant

o3

Although this expermmental infection does not simulate the
natural 1nfection 1n raan, 1t was used to test the effectivencss
of gomococerdal agents mn vivo These tests showed that 15 per
cent sulfathiazole and/or 30 per cent calomel were highly effec-
tive when they were made up in watery or vamshing cream
omtments, but not when they were made up 1 oily or greasy
omtmenty

We are still Teft with the unsolved problem of producing gono-
coceal urethritis 1n some experimental animal
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LONG TERM RESULTS IN NEUROSYPHILIS TREATED
WITH PENICILLIN ALONE*

By

John H Stokes, Mortuner S Felk, and G¢orge D Gammon

with the collaboration of Herman Beerman, Norman R
Ingraham, Jr, Willem O Ladlotte, Paul Gyorgy, Eluzabeth
K Rose, and John W Lentz, and the techmical assistance of
Verna Mayer Stewn Enuly Stannard, Jane Barbara Taylor,
and Midred P Widlst

The Pemcillin Syphilis panel at the Unmiversity of Pennsyl
vama has rendered annual reports of the effect of pemeilln
alone on neurosyphilis since 1923 (1) (2) (3) Observation ol
some of the total of 537 cases treated has now reached the fourth
year and longer, and the serial examinations of spinal fluids and
parallel climeal data give an impressive account of what the
antiblotic actually accomphished not only of 1tself, but m com
parison with the methods of therapy heretofore avaiable Par
ticularly 1s this so when the laboratory has maintained umform
practices throughout a period of many years, and the clmical
staff has been expert and stable The case material 15 now suf
fictently large so that the graphs which follow will deal only with
material observed two years or more

* The work deseribed m this the
paper was done under a grant from
Researfch Grants Division of the National lnst\tut: of Healﬁ 1n contlnua
l?:r';v eoe £ x}h:nrgéixzztéecsommer%de;l( by the Committee on Medical Researt
{J c er
ity of Pennsylvama < vi¢ Research and Developmnt and the Ui

This mvestigation also was nssist he Gat
Wood Fund and the Kirby McCarl‘;‘; el!"jul!l’x contributions from ¥

.. T¥rom the Institute for the Study of Venereal Disease University &
erating X

Institare ¢

Syphilaleg?

. Ph ladelph 2

General and

he
authorship sented 10 ¥
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FEGAXULSS s TYPE w NEURGSYPHILIS DOSE oa NMBER o Coutets w Pl

Figure 1 brings up to date (March 1948) the spinal fluid rec~
ord of our 39 “Original Inhabitants,” the first cases treated with
pemeillin m 1943, of whom 32 have heen followed for 3 to 4
Xears Recall the terminology we use “spinal flmd normal” and

spmal fluid near-normal” (cell count 5 to 10, total protemn 30 40,
‘c'ulloxdal test 4 or more 1's, Kolmer Wassermann 0000), and
marked mmprovement,” which means improvement 1o all four
ttems of the flmd exammation
ne:;rum this graph 1t 1s clear that spinal flmd normality and
ot normality has been mamtamed at a level of 47 and 19 per
mthl;eﬁspectwely, or 66 per cent combined Marked mmprovement
toas e passing of another year has increased from 18 per cent
9 per cent

grillliures 2, 8 and 4 are extensions through another year of
i I’atllmbhshed last year In Figure 2 1t will be apparent how
malty lents fail to achieve spinal fluid normality or near-nor-
relap ln ;symptomatxc neurosyphilis Qccasiwonal failure and
st ¢ s, however, an undoubted fact, while on the other hand,

- ailure to respond may eventuate n a good result
llluséxg-.utm 3, combimng climeal paresis and tabo paresis, well

ates the poorer prognosis of the later and more serious



[160]

"

Bounct s v S Flie 0 Rene Tomarc NeomasriniLe (7Y B2 R Torwuss!
onuval {nd RS o RUKHIN  SGINCS w0 parg  QnttyE) ATES ve Wt

-
o il It o o S
A ™~
Gt ] =
St >(/ l
i
o]
o 1 \ il
= PR T -
SN S
= o N
Fad
Buumion et S F 0nm CL it FHES S ma TABELSS o0re Trrt U Flard Ftran
Fuusow wg 11o3 Coveses v PRVICKUIN - FEGMUEN or 30ST_QBSINED 3TRS miotE
R RS
\ / =t 1R
St 7 E T
S e m—— - - .
o N — . -

— = ——

..
w—

manifestations of climeal neurosyphilis Nonetheless the pro-
longation of the curve of hest fit, more dependable mn this ma-
terial observed over a longer period, indicates a steady better
ment of the outlook with passage of time, and a low incrdence of
relapee 1n the spinal flid

Tigure 4, presenting tabes dorsalis with Type II1 (resxst:mn
spinal fluids, shows o distinetive difference 1n behavior betweed
paresis and tabopare.is, and uncomplicated tabes The rapid
and complete response of abnormal fluds 1n tabes compares
with thet mn asymptomatic neurosyphihs and suggests  biolog”
cal differenco in the paretic as compared with the tabetic 1yP¢
of process This 18 of course 1n line with the spontaneous tred
toward flud normality with climeal Progression fammhar 8
part of the tabetic preture B

Tigure 5 tabulates 1n ease numbers and (with spologies) It
percentages the normal and near-normat spinal fluids achiev!
in the various categories of neurosyphilis among patients o
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Pigure 5
NEUROSYPEILLS OBSTRVED 2 YEARS OR MORE
Ko, CASES TOTAL CASES
DIAGNOSTS “TEEAL | NORMAL ATD TEAR JORMAL
S 3P
PARES1S n 3 - 278 2 =295 s - 455
T PARESIS El 2 - 10% 1o - 507 2 - 6%
TASER DORSALIS | 3 15 - 278 29 - 532 14 - 80%
WENISGOVASCULAR | 33 5 = 15¢ 15 - 452 20 - 80
ASTKPTOKATIC 23 7 - 308 10 - 448 17 - ng

mved for more than two years The highest proportions (80
t cent and 74 per cent) are attained 1n tabes and n asympto-
atic neurosyphilis respectively The showing mn paresis and
boparesis 1s definitely higher than that reported for 1946,
»and 60 per cent for 1947 as compared with 85 and 39 per cent
't 1946 This gamn emphasizes that time as 1n malaral therapy,

part of the mechamsm of recovery The showing of peni-
i within the Iimutations of the previous tabular computa-
ons, has become even more markedly superior to that of malana
) far as the spinal fluid 1s concerned Tabes and asymptomatic
eurosyphilis have registered still more progress toward normal-
¥ with another year, fiom 55 to 80 per cent in tabes and from
1 to 74 per eent 1n asymptomatic neurosyphihs Meningovaseu-
I neurosyphilis has progressed toward flurd normality least of
1 (55 t0 60 Per cent)

PRESENTATION oF CASE PROTOCOLS We have selected the proto-

ols for this Presentat on of type forms of response to pemcillin
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with no thought for the statistical comparison of this with that,
but solely with intent to illustrate graphically the sequence of
events 1n the mndividual case The periods of observation ar
1n the mam long, and make 1t possible to observe the facton
of course repetition, time and comparative symptomatic and
serologic responses Examples of fallure are offered wth thoe
of success Comparisons are possible between low dosage of the
earlier pemallin and the higher later dosages of the refind
product One can derive an impresston of how much how hitl
peniciliin 1s really able to accomplish It 13 possible to compart
1 individual cases, the effect of penicilln as compared Witk
that of the routine intensive arsenic heavy metal therapy o
the past, with mtraspinal therapy, with tryparsanude, anl
with fever therapy, where fever has failed The Dattner Thoms
mactive type flud sometimes unaffected by penicillin, some
times responsive to it, 1 represented Finally, two records rev
resenting 22 and 26 years of treatment and observation by on
of us (JHR), close the sertes The peniciihn effects observed 2t
those of penicilin alone, admimstered as the water solubl
tsodlum or calcium salt 1 a round the clock hospitalization sf¥
em
The first column (left) of each protocol gives dates, the second
days of observation since the first pemeillin injection The K
titer or regain in the blood 1s given in umts The spinal fiod
(next four columns) includes cells a quantitative Kolmer We
sermann, total protein estimated by the Kingsbury Clark method
which tends to read low in comparison with the electrophote
metric method and a colloidal mastic test The earlier profed
reports are i terms of Noguch: and Pandy technies and the @
loidal benzoin test appears 1n early Mayo Clinic findings Nor®
cell counts are 4 or less normal Protein 10 to 30 mgm per ¢
Eggggti 11(1(11(‘)1(])?)1(.)(;(3)00000 and normal colloidal mastie 13 000t
The pemailiin dosage hne gyve e houtlf
nterval and the mclusne datesgof ih:hteretx‘:;:::m‘zose’ "
Figures 6 and 7 represent the response of asymptom
neurosyphils to pemerllin 1n virtually previously untreated P
fents wath Tyne III fuids (resstant) It 13 aseumed that &
third course was necessary 1 Figure 7, though time might pavt
produced a normal fluad after the seco;ul course
Note that effects are secyred In days that formerly roqur!
weeks and esen months espectally on the cell count, and ™
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too in these and other protocols, the non-responsiveness of the
STR.

Figures 8 and O present a success and a failure (?) 1 cor
gemtal neurosyphilis Figure 8 responded to pemelthn after the
failure of arsenicals and fever Figure 9 probably represents an
artest at a low level of deterioration of an almost untrested
jusenile paresis The fever 1s by typhoid 1noculation after pent
cilhin failed to petter the candition of the patient

Tigure 10 presents the Dattner-Thomas type of spmal flud
consistent from stort to fimsh over 1470 days and almost the
homologue of treatment fastness m the blood The cell count
has however reached 5 and total protein 40 mgm on 2 oceasions
1n 1944448 The total amount of pemeillin 1s 10,000,000 umts &t
3 courses There has been no symptomatic progression Nok
the large amount of pre pemeillin therapy ncluding 15 plut
tryparsamde injections, and hot box fever
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Figure 11 portrays the temporary response of the spinal fimd
N meningo-vascular neurosyphilis with apparent relapse after
144 million umts of pemieilln m 4 courses Note the failure
of 12 arsemical, 86 bismuth and 91 tryparsanude injections to
bring the fluid to normal

Figure 12 affords an opportumty to compare the efliciency of
Toutme arsenical-bismuth plus Swift Ellis intraspmmal therapy
With a mimmal course (12 mllion umts) of an early pemerthin
(1943) As much was accomphished by 12 mllion units of this
Demeillin as by 14 Swift-Elbs treatments and 34 bismuth in-
Jections

Figure 13 presents a symptomatic result in tabetic pain Note
that the negative spinal flnd s not consistent In the emphasiy
often placed on 1ts remarhable effect on the flnd, penicillin
Symptomatie response are sometimes under-estimated Patient

as been free of pain for 40 months

Figure 14 presents Hervheimer effects from 1mitial maxumum
dosage of pemcillin and a stuking and lasting (2 year) serologie
and elmical response general pares:s, following 2 courses of
Pentedlin, totalling 346 million umts Total observation, over

dyears
|
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Figure 15 presents paresis with marked clhmeal mmro\e'
ment without corresponding spinal flmd response, the patied
remaining mn an approximation to the Dattner-Thomas mactivé
status Unfortunately lis wife did not agree with the peurolo
gists on his mental status Total penteillin 16 0 mllion umts 1
3 courses

Figure 16 presents a clinieal tabo-paresis with some of the
serologic behavior of a resistant memingovascular type To
10 mllion units 1n 3 courses

Figure 17 presents a taboparesis showing lasting serulol“;
improvement under pemcillin, with temporary marked climed
improvement followed by clinical relapse Fever (typhold moct
lation) and electro-shock used to mmprove the chmical Yesults
with some response less depression but still psychotic Pemcilli
15 million umts, fever 52 hours over 103 degrees
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o
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9/15/44 | 243 | Ne, 2 [2344 | 30 3444220000
10/3/4 | 282 | 2a%o | 2 | 1244 | 30 3444210000
2/23/45 | 358 | Raga | 5 {1244 | 20 2444112000 ¥o change
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& losas | a0 3311100
o || |4
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Figure 18 presents a demonstration reinforced by graphic evi-
dence, of the elinieal and serologic effect of pemeillin 1n a suc-
cession of courses on a patient with tabo parests and primary
optic atrophy Total penietllin 16 4 mmllion umts in 4 courses

ote the changes i the sector defects in the wisual fields sug-
gesting localized or “island” relapse (comparable to neuro re-
currence?) and themwr apparent response to more pemetlhn The
shght fluctuations 1n “normal” and “near normal” flmd formu-
s are apparent, even the latest colloidal test bemng “near” by
our nomenelature {four one's 1n the colloidal test) We interpret
such shght vamations as of questionable pathologic significance,
but requiring continued observation The euphoria and reritabil
1ty have been mmproved by treatment

Figure 19 presents one of our best results in the penicilin



[168]

Fic 12
12 7 L. ¥ % B lgu/cs

tie atrophy
D e e teents 14 pecirapneneaine’ 70 blesuth and Seife EALs

1t
TOgreselte; pupily Lrreguler, primary opt:
ntr‘»’nnp:;h:-:ﬁo:’nnu- nh-u’:s yobco/w 03 11gnt perception C3F positive

18/8/41 ———
AR csr et || 1 200 000 nﬂ—‘i‘l‘_‘. 59 dage atter
14 trestmant 5 its Svift EI0L e nu;nu
oation vith auch s CSF findingy folies
3
DAYS | CELLS | PROT | wWass mstie DAYS | CELLS | PROT | mASS *ASTIC
-3 e 2l 76 | oae | oadas | senenioonn
: :; 4 | 4add 43] 10 2+ | o124 |12 XD;WOW
Pt » 2+ | 1244 | 353222000¢ l“ 7 :g gg; um 0000
] 1+ o124 | pez 27
g: 16 S+ 1244 | 44421 1a3| 10 20 0011 n)umg
7 | 12 Se  11R4 &3T| 5 30 [ 0000 nmmggo
1 4 Jxeg | 0000 | 21100 a3t o 20 | 0000 | 1310000
WL 3 s | 00do | 500000 Tl i | 30| 239 | Sopenes
2 3 0000 000
202 2 ;-’i Pos 2! 1079 3 30 0000 Wm@mn
218 2 Neg 0000 2990y 1359 ® 0 0000 | 000K
2 2 0000 0
3 Bl 1000000
28 | ¢ 1+ | coil 1000000 A3 MICE WAS ACCOMPLISHED
293 | 2z Jres | oo 100000
. REATS BY 1 200 000 TEITS OF
SNIPT-KLLIS STOPPED POLLORED EY x
PENICILLIN AS BY 4 SWIFT
sas &8 2411510000
€23 | 61 24 ELLI3 AXD 34 BISNUTH
e

A cAsl DDICISTRATION OP (1) SUPERICRITY OF 1 2 MILLIGN UNITS PENICILLIN (1943
SNIPT LIS SHERAPY;
COF NORKAL % 1/2 TEAs

£
} RATE OF CsP RBPOISX t3) Dm!xo‘ Ld EDOD
= i3 AR ¢ ARRESTED 3 1/2 YEARS (5) ToTAL OB
SEAVATION 6 YEARS ' 3'3/% YEARS APTER PENICILLTN
Fic 13
RB.KEP Lid LXCH‘N“Q PAII; CSP I!!E

2/13/44
§1chtning patns
trextments 5 sEaptantalos, 55 bismuth

Tendon Taleres sduent; pata
agm

A2 no oat 1a wussles,
.uauu tllghl nyet

CLINICAL (PAIN)

20 ) 2442100000

1,290,600 avery 3 howrn) 10/12/_to 10/16/4¢
212

2 | 4« [

10/35/44 1L} 20 | 1111000000 rata

BT | 250 : 2444311000 | Remseiable rentasiod
f pi

s sso ;v [ 3 1111000000 | Markad Lxgroremnt

sps/s | e s | ooco saintained

11/ 7, 3

Ferts| we HE R No resurrence

L 3 la ™

Husfer13s farg {2 | 0312 =: ;.::;ne P

1/34/49 |35 o | ooog

¥o patn



[1693

Fic 14
SLIBTCAL AYD SEROLOGIC RESPONSE OF PANZATY
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R ascnd day,
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20/11/441 26 4442100000 | Muoh wproved

{2) 2,400 s

—

1/ 22/43] 310

A7 3i/as| 39| 32 6 |asae | 40 [ zsssasnio0

8/ 9o/as| arr| 1tp 1 [ oco0 40

9/ 19/45| 610 T 6 | oc00 0 1110000000 { Cintonl rentsston
suntaasd,

V2| 7 2 1 | 1248 20 5542110000 | Mantully preatically
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3 a/s8| sa0| 1s 2 [ o000 1120000000

&/ 19/45( oz | 8¢ 2 | 0000 20 1120000000

11/13/48 | 1089 16 1 | 000 1110000000 | Irritabls (domestis
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9 3fr)as2z fersg e | o000 { 20 | 0000000000 |xentally better;
Ppresent disturbanse
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ameon.

3/10/an | 1511 [21%0 0 { 0000 20 1110000000 ‘mmvmnt matne

therapy of general paresis, a remussion with restoration to
working capacity and reduction of a typical Type III spimal
fluid to normat Spinal fld normality has been mamtained 13
months and elimeal improvement 4 years

TWwo LiFe HISTORIES OF NEUROSYPHILIS To understand the
Place and worth of treatment m a chromec disease such as
syphibis of the nervous svstem, 1t 1s desirable as rapdly as pos
sible to collect anq publish a series of background protocols, of
which Figures 20, 21, 22, and 23 24 25 are representative They
Portray respectively over a period of 22 years observation of a
36 year olq infection, and 26 years observation of a2 40 year-old
infection, the course of neurosyphilis i 3 phases of treatment

The first mentioned patient has been treated with the arseni-
caly mcluding tryparsamide and heavy metal, with therapeutic
malara, and finally as his spinal flmd agamn became defimtely
bnormal with pemallin The nltimate outcome under penicil-
lin cannot vet be determined The “shipping” of an apparently
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good malaral result began n the 14th year after the seige 1t
was serologically repeatedly confirmed and withm 2 years ¥
accompanied by shght symptomatie signg which ymproved with
the second course of penicillin The flmd still remains slightly
but not defimtely abnormal

The patient represented by Figures 23, 24, 25 15 portrayfd
m 3 phaces of treatment, the first for mtractable hERRIE
bains and a type III spinal flusd, treatment covering 9 mont
with 37 arcenieal mjections, 62 mjections of mercury SUCCt
mide, mercurial mnunctions, sodium 1odide mntravenously, and 8
Suift-Elis Ogalvie wtraspinal treatments The therapeutic €
fect was negligible The second phase consisted of tryparsam®
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and bismuth and covered a period of 21 years with a total of not
less than 1300 grams of tryparsamide (418 injections) and 225
bismuth injections After the fifth year, i the second phase,
{he patient several times attamned a negative spinal flmd, and
reached the peak of his professional career about the 12th year
m this treatment phase His spinal flmd then again showed re-
curring abnormahty, personality change began to accompany
fatigue and overwork, and by the final year of the tryparsamde
Phase in 1944 he had a classical active Type III flud agam,
and though the pams had largely disappeared, 1t was clear that
¢ was at times slipping mentally He was never given fever
therapy because of a suspicion of coronary spasm
In 1944 the peniciln phase of his treatment was mitiated
“1th 24 million umits At this time he showed definibe depres-=—

*
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sion, had dizzy spells, his speech was slurring, the nasolabial
folds flattened By the 94th day post pentcitlin the speech %6
improved, by the 275th day he spoke normally and was agu?
Incisive and alert At the 423rd day however, pams and over
work had started him to shpping a hitle agau;, but he achieted
the first normal spinal flud 1n 17 years at the 556th day B
Srd pemscillin course kept his fluid normal to the lagt examiod
;‘0" on the 965th day, but he dechned mentally to the point whert

e resignied his position, though stal writing a good letter BE
died quite suddenly with symptoms of cerebral hemorrhage &
the 1279th day post Penieillin, at the age of 62



PRERETE L PP
BTN e 10 meatne 30702000

€ Blarred vision and Qiplwpls in 1097, whlvn
Ddey Foltiie tharaps. Viial less resurred
bar Lrreguiar

It the phases of this patient’s treatment could have been shuf-
fled, and his penicillin advanced to first place instead of last,
before years of degenerative change and arteriosclerosis, toxic
firugs and overwork had had their effect, it is not difficult to
lfnagine the possible difference in result. Two years of penicil-
linin 3 courses totalling 11.4 million units accomplished as much
Or more than 23 years of routine arsenic-mercury therapy, intra-
spinal therapy and record totals of tryparsamide and bismuth,

SUMMARY
1. The fourth year of observation of the effect of penicillin
alone on neurosyphilis sustains the record of the third year in
our series, and shows a recognizable increase in the proportion
of normal, near-normal and markedly improved spinal fluids

obtained over previous reports.
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2 Forty six per cent of paretics, 60 per cent of tabo paretscs
80 per cent of tabetics with Type ITI spinal flnds have 0¥
achteved normal or near-normal spinal fluids

3 Sixty per cent of menmngo vascular and 74 per cent of
asymptomatic neurosyphilitics have achieved a simlar statos

4 Take the results presented mn 1946, though to an ®
greater degree, the-e figures suggest the supertorsty 1 50
types and at least the equality 1n others, of pemciliin alore ove
malaria i neurosyphilss

5 A series of case protocols 15 presented displaying ostt
per1ods of from 2 to 4 years and more various types of respon

success and farlure 1n the therapy of meurosyphilis with pemt
ailin afone

ven
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8 Two “hife histories” of neuresy philis, covering 22 and 26
years of observation of 4 types of therapy including routme,
arsemc heavy metal, malaria, tryparsamide and pemcilin are
‘;"959“6(1 Inferences can also be drawn from some of the pro-

o20ls 1n the general series as to the relatiwve effectiveness of

Pemellin as eompared with older methods

me7t Peniallin appears to be superior to other forms of treat-

by nt for al) types of neurosyphilis, and certanly entitled on
© 8tore of safety, convenience and effectiveness, to first choice
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Fig. 22
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131 17, May 4 1916

Third Annual Report (to November 1946) Three Years of Pemcillin

Alone 1n Neurosyphilis  Stohes Steiger and Gammon, with Beerman,

Ingraham Lablotte Gyorgy, Rose and Lentz assisted by Sten and

Stannard American J Syph Gonor and Ven Dis, 82 (No 1) 2842,

January 1948
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THE TREATMENT OF NEUROSYPHILIS WITH A COMB!
NATION OF MALARIA AND PENICILLIN

By

Robert B Kierland, Paul A O Leary,* and
Laurence J Underwood**

Pemellin 1s a valuable adjunct to the treatment of neuro-
syphilis However, there has been some difference of opinion re-
gardmng the value and desirability of 1ty exclusive use i cases
of neurosyphihs  Because of the iited post treatment period
of observation of patients with neurosyphilis treated with pemt
culin plus other methods, the reports as yet eannot be consider
ed conclusive with regard to their relative values Malaral the
rapy of neurosyphilis, especially 1n late and more severe types
has been demonstrated to be an important therapeutic measure’

In this report we wish to present the results of treatment with
pemcillin and malaria 1n a group of cases of late neurosyphilis
These patients have been selected on the following bams 1 Only
patients who received combined malarial and penicillin therapy
have been included 2 Only patients who have been obsesved for
a minmum of s1x months following combined treatment have
been accepted The last examnation of spmal fluid and the last
clinical examination made prior to further therapy has beed
used as the basis for evaluation of the results If an mdividud
received further treatment the observations previous to the hmé
of further treatment were used for evaluation of the results of
combined treatment

Many patients who had neurosyphilis have been treated by us
with pentellin alone and with malaria alone and treated agait
later with pemicilin alone So the results of treatment herell
reparted are the results obtamed n a selected group of patients
who had severe types of neurosyphilis and spinal fld abnormalt
ties and in whom the consultant felt that a combination of treat
:Jnent with malaria and penieilin was necessary to produce the

esired satisfactory result

Our series consists of 76 patients who were treated with pett!
cillin and malarial therapy 59 of them were males (78 per cent

* Section of Dermatology and §;
** Fellow in D yphilology Mayo Clmie
o S rabtelogy and Sypiilegs, Mayo Clni and Mayo T
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TABLE 1
Materal
Diagnos s
Menn | Asymp
Prmarny| govas {tomat | Total
Paresis | Tabo- | Tabes | optic | eular |icneu
paresss | dorsal s |atrophy?| neurc- | rosyph
syphls | s
Pitents toral 19 16 13 7 8 13 76
Sex
Males 16 12 10 7 5 9 59
Females 3 4 3 ) 3 4 17
Age yr
Less than 20 0 0 0 ¢ 0 2 2
029 0 [) [ 0 1 1 2
-39 3 2 5 0 6 5 6
4049 8 11 6 6 1 4 36
“0-59 3 3 2 1 [} 1 10

* Tocludes 1 pattent with chor aret 1 tis

and 17 were females One patient was a Negro The following
diagnostic categories were employed paresis, taboparesss, tabes
dorsalis, primary optic atrophy, meningovaseular and asympto-
matic (Table 1) Of 7 patients who had primary optic atrophy, 3
had taboparesis and 4 had tabes dorsahis as well Two patients
had congemtal neurosyphiis One had active interstitial keratitis
and asymptomatic neurosyphilis and the other had jusemle
taboparesis One patient with asymptomatic neuresyphihs had
a gumma of the frontal and right mastoid bones, which healed
Quickly after therapy One of the patients 1n the meningoascu-
lar group had cervical hypertrophic pachymemngitts There were
o other concomitant syphilitic diagnoses Seventy two patients
Were 30 years of age or alder, the majonity (61 per cent) were
40 years of age or more The duration of syphilis was unknown
1n about 49 per cent, and 1n 41 per cent the disease was of more
than ten years’ duration (Table 2) Forty patients had had n-
adequate or no previous treatment and 30 had had twenty or
more arsemcal mjections combined with heavy metal Only 4
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TABLE 2
Duration of Syphilis

Menn | Asymp-

Primary| govas | lomal il
Duraton Paresst | Tabo | Tabes | optic | cular jrcoen |
paresis | dorsal s |atrophy | neuro- zosyph
syphilis| s
Unknown 7 1 7 3 4 s 1Y
S yr orless [ ) [ ) 2 [ :
610 yt [} [) 0 0 1 5 ) 6
11 15 yr 5 2 [} 3 1 1 u
1620 yr 2 [) 3 [) o 2 7
More than 20 yr 5 3 3 1 0 (3R
|
TABLE 3
Previous Treatment
Diaguosts J—
Menn | Asymp-
Previous Pnmary gos/a;- tomat Tt
Treatment Paress ) Tabo- | Tabes | opre | eular |icned
pares s | dorsal s | atrophy | neuto rosi?h
syphis | B3
| ==
Ne 3 i
one 3 9 5 3 3 A
" 1
Very 1 ttle 3 1 2 3 3 __}_’ e
20 treatments with
arseme and 20 with "
heavy metalor more] 10 4 3 3 2 s | ®
Pencllnorforer | 0 7| | o ) (DR
_—-—/

* Fever treatment n 1 case
patients had previous penteilin Two patients had bee? Z“t;
fever therapy previously, one by cabinet and the other ™
malaria (Table 3)

Penteillin was used 1n varying dosage and schemes The VS&
Jority (75 per cent) of the patients were given a total of 4 000 ,
to 6 000,000 umts, usually 50,000 to 60,000 umts weré szn
imtramuscularly every three hours for ten days Twenty serd
patients were given crystaline pemeilin G, the majority
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ceving 6 000,000 units Fourteen patients recerved less than
4000,000 umts of regular pemeillin Five patients were given
daily mjections of pemeslhin 1n beeswax and oil, the total dosage
varied from 3 600,000 to 6 000,000 units Concurrently, benign
tertian malaria was used for all patients, 72 had satisfactory
courses of fever The course of fever consisted of eight to ten
paroxysms In 4 cases treatment with malaria was terminated
prematurely One patient had pneumoma and another hypo
tension Two patients had spontaneous cessation of paroxysms, 1
of whom had had therapeutic malarin before

The length of observation after treatment ranged from six
to forty four months Approximately 43 per cent were followed
Sixmonths 40 per cent from six to erghteen months and 17 per
cent exghteen months to three years or longer (table 4)

The ymportance of exammation of spinal flusd m the proper
evaluation of the condition of a patient with syphilis 1s recogmz
ed Howeser, of those patients who had recened previous treat-
ment elsewhere 69 per cent had not had a previous examination
of the spinal fluid The spinal fluids were grouped before combin-
ed treatment with malaria and pemcillin according to the degree
of abnormality mn the following classification Group IIT repre
sents the most actne and abnormal { paretic” formula) flnds
Eroup II the intermediate degree of abnormality, and group I
the least abnormal fliids The grouping of the spinal fimds was

TABLE 4
Per od of O ervat on After Treatment
————
D azos
N mos
Menn [Asymp
Ob ervat on Prman govas | tomat | Total
perind ro Paress | Tabo Tabes | opte ular € nev
pares s | dorsals | atroph | ne r¢ [ ro vph
svph 1 I's
§ 8 6 5 5 + > 33
Tn 2 3 3 2 2 7 19
118 2 4 4 ° 1 [} i1
1924 3 1 o [ 1 1 6
2 36 2 2 [ [ [) [) 1
More than 36 2 0 0 ° o 3
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derived from a combination of the results of the Kolmer compl
ment fixation, collodal gold and total protemn tests and the ¢l
caunts A subcategory also was employed for the arrested type
of spmal flud pattern, that 15, normal cell count of less
5 cells per cubic mmllimeter, normal value for total protem of lest
than 40 mg per 100 ce with positive complement fixation Tt
classification of the spinal fimd by groups aceording 1o e &
gree of abnormality may be seen 1n Table 5 Spimnal flwds of §
‘patients (8 per cent) were classed m group 1, of 26 (34 per cent)
in group II, of 40 (53 per cent) n group 111, and of 4 (¥
cent) as the arrested type
RESULTS OF TREATMENT

SpINAL FLUID —The results are those obtained from 2 gl
course of treatment with malara and pemcilin Following §3
combined treatment with malana and pementhn the condition &
the spinal fliid was evaluated and compared with the condiith
after the mitial examimation The data given are & yésume ¢
the results of the last exammations of spinal flud prior ¥ a5
further treatment At this time group I flnds werd present
22 por cent of the cases, group I n 11 per cent, group I nt
per cent and i rested type m 63 per cent All tests on the S5
fluid of 8 per cent of the patients gave negative resulls ey
5) The grouping of spinal fluids before trentment revealed 11
the fiurds of 13 per cent were 1n group I or 1n the aryested 199
while 85 per cent were 1n the same category after therapy

The most striking effect of successful treatment with ped
Lin alone or combined with malarin 1s the early returnt to 1o¥
of the elevated cell count 1n the spmnal fluid This 18 sl
closely or sumultaneously by a return of the concentration ®
total protemn to normal Later there 1s a gradual fattentvs ¢
abnormal collerdal curves and the slowest response 1® the
duction of posttivity of the complement fixation reachion

During recent years imcreasing emphasis has been pmed 4
the cell counts and determinations of the total protem ™
s;mal fluid protein as 1 guide 1n the prognostication of AT o
;uit;xnfec;:on of the central nemous system and m the veed W
the se" therapy Dattner Thomas and Wexler” have emph:

1gmficance of the cell count and the determunations o

protemn 1n observation of the treated patient They are o
opinson that these findings are of more value than 2 stod® 4

the cltmcal status in dety @
orm it
process ining the arrest of the actne

ol
i3
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1t was found that 90 per cent of the patients 1n our serses ha
more than b cells per cubic mihimeter before treatment The cel
count after treatment was more than b cells 1n 11 cases (14 per
cent) ; 1n the majority of these cases between 5 and 10 cells per
cubic milimeter were present In most patients the abnormsi
cell count was noted at examination six months after treatment
in a few at twelve months There was no predomnance of oz
type of neurosyphilis in patients with these abnormalities Thre
patients (4 per cent) had a relapse n cell count after an wnitnl
return to normal The relapses were in the borderhine range (o
to 10 cells per cubic millimeter) and all within a year following
treatment These occurred in patients who had paresis, tab-
paresis, or meningovascular neurosyphilis

Before treatment, the determination of total protetn reves!
values of more than 40 mg per 100 cc 1n 50 cases (66 per cen!
Determinations after treatment mdicated that 19 patents {
per cent) continued to have more than 40 mg of total prote
but except for 2, all had decreased ~alues from the levels befe
treatment The majority of the abnormalities were noted at tl
six month examination, and the concentration of total proft
was less than 76 mg per 100 cc at this persod in all except
cases There were abnormahties m each diagnostic categt
with no definite predominance 1n any group

The quantitative Kolmer complement fixation test on ¥
spinal fluid of only 3 patients (4 per cent) failed to showad
creasing titer 1n the posttreatment period Many times the ¢
lcqx:ia:: 1:thter wnls shght but definte Four patients (5 per ““i

gative results from Kolmer tests from six to thirty mont

after treatment One patient with tabes dorsalis and active P
gressing chortoretimtis had a more strongly postive Kolmer ¥
action s1x months after treatment than before therapy, alithost
the results of the other spinal fluid tests were within nor®
limits =

All patients with

colloidal gol, action !
the fir<t zone or m gold curves showing a re:

dzones showed a decrease m these Vi
enteillin Of 57 patients with first 20n¢ ¢
gold curves before treatment, 53 per cent B
Tves within normal limts after treatment

one colloidal gold curves became negatne ¢
to two or more years after treatment Usith
normal conditions was more rapid and defint

collordal gold ey

the return to
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than the reduction 1n the positivity of the quantitative Kolmer
test on spinal fllnd

Broob —Insuficient quantitatie serologic tests of the blood
were made to evaluate the response of these tests following treat
ment A study of the qualitative results i four routine fests
(holmer hahn Hinton and Khine) did not mdicate a striking
effect on the serologic reactions of the blood within the hiamts
of our period of observation although a reduction mn the pos:
tivity of one or more of the tests did occur frequently However,
this 1s not considered of prognostic significance

CLINICAL RESULTS —The response of significant and defimite
symptoms and of nondegeneratne signs was used 1n evaluating
the elinical results of treatment A sense of improved health n
creased well being and gam m weight were noted frequently by
both the patient and physician Of those patients follow ed for
six months to one year 65 per cent had moderate or great mm
provement 1n chincal status Seventy five per cent of the patients
with symptomatic neurosypmhis who were examined for the
last time from one to two years after therapy had moderate or
great improvement Eighty six per cent of the patients followed
more than two years had similar ymprovement (Table 6) Dis
regarding the length of observation after treatment and the
diagnostic categories 70 per cent of the patients had fmproved
moderabe]y or greatly 27 per cent had received no symptomatic
benefit or were worse than before treatment and 8 per cent had
obtained slight benefit

Thirteen patients showed no clinical improvement (Table 6},
but 5 were without complamts before treatment Hence no sub-
Jechive elimical improvement was expected in these 5 patients
They are mcluded nevertheless 1n the calculation of percentage
showing no impros ement

Thirteen patients who had asymptomatic neurosyphilis re
mained asymptomatic throughout observation and data on them
are not meluded 1n Table 6§ Two patients with taboparesis and
convulsive seizures were not bemefited as fa as the seizures
Were concerned One patient with prenatal asymptomatic neuro
Syphilis and active interstitial keratitis showe 1 slight mprove
ment in the symptoms of keratitis Two patients with gastric
Crises were not benefited by combined therapy or further treat
ment with pemicillin Three patients with optic atrophy had ap
parent arrest of the condition while 2 had some restoration of
Vision and 2 had progression of loss of vision
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TABLE 6
Chnseal Response of 63 Patients Following Malana penicillin Before Further Therapy

Duagnosis
Tie of czsmnation  Tubor | Tubes | Py bssaier | Tod
Paresis | parens | dorsahs :(x;;:hy ';;“:"i“’;
6mo—~1yr
et | 6 9 5 2 ¢ %
Shght improvement | 1 0 1 0 L
No improvement 2 0 2 3 ' .i_—
Worse 1 0 0 2 L
1—-2yr
Moderate or great
\mprovement 4 1 2 0 2 u
S ght mprovement | 0 [) [} 0 [
Nomprovement | 1 1 2 ) [
Worse ¢ [ 0 0 0 L
More than 2 3¢
Moderate or great I3
tmprovement 4 1 1 0 0 |
Shight improvement | 0 [ ° 0 0 1°
No improvement 0 i 0 0 0 R
Warse [ [} ° 0 ° .
Over all summary
Mo tacrssn| vesan saon] 2} eram| w0
Slight smprovement | 1 0 1 0 0 :
No impras ement 3 2 4 3 1 e
Worie 1 0 [ 2¢ 1 '
| g
_: ?nc Patient had chaynoretimus and optic atrophy .

1Ve Pat ents were imtially subjeetively asymptomatic
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There were 2 patients with paresis and 2 with tabes dorsals,
with the arrested type of spinal flud before treatment One
patient with paresis and 1 with tabes dorsalis received lhittle
clinieal benefit and they were given further therapy The other
2 patients remained subjectively asymptomatic Three of the
4 patients had a decrease 1n the titer of the Kolmer spinal flud
test followng treatment, the cell count and total protein remain-
g normal 1n all

The duration of symptoms of neurosyphilis before treatment
was one year or less 1 approximately 33 per cent of the patients
and more than one year in about 67 per cent The majority of
patients with taboparesis and tabes dorsalis had symptoms for
more than one year Patients with menmgovascular neuro-
syphilis usvally had symptoms less than one year, while the
duration of symptems of those with paresis and primary optic
atrophy was equally divided within these periods The same
proportion of good chinical results were noted 1n patients with
symptoms of more than ohe year’s duration, as compared to
those patients with symptoms of less than one year’s duration

Further treatment of same type was given to 22 patients (29
Der cent), and 74 per cent of these 22 patients received more
pemeillim Five patients received more chemotherapy, while 17
had 4000000 to 6,000,000 additional units of pemeaillin One of
these 17 patients received cabinet fever therapy also He had
Drogressive paresis and in spite of treatment with fever and
Pemallin his condition deteriorated gradually Twenty of the
Patients had further therapy recommended at six months and
the remainder at twelve months Further therapy was advised
becayse of incomplete symptomatic improvement mn 12 cases In
4 cases additional treatment was given because the cell count
Wasmore than 5 per cubic rullimeter In 3 cases further therapy
Was given because of a combination of elevated cell count and 1n-
complete syphilitic benefit msurance (Table 7)

Three patients with tabes dorsalis and 1 with paresis were
either worse or no better after further treatment Three patients
With taboparesis, 2 with paresis, 1 with tabes dorsalis and a pa
tient with cervical pachymenmmtis (meningovascular syphilis)
Were improved The chief supplemental treatment was pemeilhn,
althongh a few patients received chemotheiapy and 2 were trated

na ferer therapy cabinet The spnal fluid examinations showed
essentially no change in those with paresis and taboparesis (ar-
tested type after combined treatment) One patient with tabes

Fd
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dorsalis showed ymprovement in the flmd, while another tabetic
patient had a more abnormal cell count, although symptomatical
1y mproved, and 2 were essentially unchanged (Table 7)
EFFECTS OF VARYING AMOUNTS AND TYPES OF PENICILLIN —
The records were reviewed to determime the effect of total dowes
of less than 4,000,000 units of pemaeihn with the course of ma
laria Nine of the 14 patients had good chinical resuits These
mcluded 4 patients who had paresis, 4 who had taboparesis and
1 who had tabes dorsalts  Of the 4 patients who had poor chmes!

TABLL 7
Further Treatment Grven
D acnoss
Aenn | Asymp
Turther Primary) govas | tomatc} Toul
Treatment Paresis { Tabo | Tabes | opte | cular | neure
pate s | dorsal s ) atrophy | neuro- } sypb
syphais | 1s
I
Caces total 1 H s 4 2 2 + n
S N L I e
Reasons
Incomplete |
symptomat ¢
benebt 3¢ 5 2 24 3 o] bt
lore than § cells
@ mm 3 1 1 1 0 1 "
L LI e
Tnsurance 0 [ 1 0 0 2 3
Pl eh H i L S
Cln cal response l N
Impro ement 2 3 1 0 1 0 !
_meoement S ] . 2
o ctange [ o 3 [ [ o | *
e B
orse 1
N S S T I B
Respon ¢ of cere-
bro p nal hu d
Impro ement 0 0 1 0 0 0 i
__'______,__ﬁ‘\’___’ .
N change 3 3 2 0 o 1 4
— ) e e
Vor e l 0 ) 1 0 1 0 1

* One patenthad both  complete symptomat ¢ bencfit and b gh cell count®? the
“

¥

. ¢ bere
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results 3 had pares:s and 1, a child, had asymptomatic neuro-
syphulis and nterstitial keratitis Eleven of the 14 patients had
defimite ymprovement 1n the condition of the spinal flud, while 3
patients, 2 with paresis and an asymptomatic patient, had active,
unchanged or more abnormal flurds after therapy Five patients
recetving pemicitlin 1 beeswax and peanut o1l with concurrent
malaria had a satisfactory clinical result and the spinal fluids
were defimitely improved H: r, the spinal flmd of one pa-
tient with tabes dorsalis remained active

Four to six million umts of crystaline pemeilin G with
malaria were given to 27 patients The majority of these patients
were followed one year or less The number of patients 1s small,
but the resulis do not indicate a greater efficacy 1n this type of
penicillin in combinat:on with malaria An over all 67 per cent
of the patients had a good chinical result, while 78 per cent had
low grade active or inactive abnormality of the spmal flmd
Patients with optic atrophy had the poorest chinical results, as
with other methods of treatment, and those with tabes dorsalis
had the next poorest

EFFECTS OF PREVIOUS CHEMOTHERAPY —The results obtamned
for the 30 patients who recerved twenty treatments with arsenic
and twenty with heavy metal before combined treatment (Table
3) were compared with the results for those who had no previous
therapy Although the number of patients 13 too small for more
than a suggestive trend the results were practically 1dentical
Twenty per cent 1n each group had poor clinical results and 80
Per cent had satisfactory climeal progress In each group were 4
Patients who did not have arrested fluids following treatment
with malaria and penicillin The number of patients 1s too small
to evaluate the results 1 the mdividual diagnostie categories

owever, 1t appears that there was no significant drfference 1
the elinieal or spmal flmid response to treatment in the various
types of neurosyphilts in these two groups

SUMMARY AND CONCLUSIONS

Seventy six patients with generally severe neurosyphilis who

recerved a combination of malaria and penicilin therapy have

been studied The findings represent the results achieved from a

single combined course of treatment Thirteen patients had
asymptomatic neurosyphihs

e over all summary of the spinal flud examinations re

veals that 53 per cent of the 76 patients had group III fluds
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before treatment, while 1 per cent were classified similarly nhen
last examined Arrested disease in the spmal flurds was found
1n B per cent of the patients before malaria-pemeillin treatment,
while 63 per cent of the patients had similar findings after treat-
ment Eighty-eight percent of the patients had mnimal (group
1) abnormalities, arrested condition or normal fluids follewing
treatment No striking difference in the response of the spinal
flmd abnormalities n the various types of neurosyphilis could
be noted, although 1n general 1t can be said that a hugher per
centage of paretics had abnormal tests following treatment than
any other group Four per cent of the patients had a relapse m
the cell count after an imtial return to normal

The clinical response was satisfactory 1 70 per cent of the
63 patients who had symptomatic neurosyphilis before treat
ment and 6 per cent of the 63 patients were clinically worse than
before treatment Only 29 per cent of the patients with sympte-
matic optic atrophy had some improvement of vision, while 80
per cent of the patients with symptomatic paresis and tabo
paresis had satisfactory elinical responses The lapee of time
seemed to improve the chinical results, since 65 per cent of the
patients had moderate or great improvement at six months 10
one year, as compared to 86 per cent when last examned more
than two years after treatment Part of this apparent 1mprove:
ment with longer period of observation after treatment 1s due
to the selection of some cases earlier for further treatment be
cause of ineomplete response to imtial therapy

The number of patients avanable to evaluate the results of
further therapy was small, although not ail patients were bene
fited by more treatment A small group of patients recern?
erystalline pemaitlin G combined with malaria did not show &
siglificant difference mprovement, clinically or m results
of the spinal fluid examinations from those who recerved sodiw®
pemeillin with malaria The chmeal and spinal fluid responses
of patients who had had chemotherapy before combined malar?

and pemeillin treatment were comparable to those of patients
who were previously untreated

From a review of the literature and our own experience, i

18 beleved that o combination of malana and pemcillin Is the
treatment of choice 1n severc parenchymatous types of newr®
syphilis Patients with the milder forms of neurosyphils, such 88
asymptomatic and meningeal syphihs, may first be given the 8

vantage of one or two courses of pemacillin alone If the reactioss
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of the spinal flurd do not become normal or approach normal, and
if the elmcal findings do not improve, combined therapy then
should be admimstered
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TREATMENT OF NEUROSYPHILIS WITH PENICILLIN
ALONE AT RELLEVUE HOSPITAL

By
Bernhard Dattner*

Since April, 1944, approximately 400 patients with various
forms of neurosyphils were treated at Bellevue Hospital exclu-
sively with intramuscular injections of pemeillin  The present
Teport, however, comprises only 376 patients They were selected
because therr spmal fluid findings before treatment indicated
activity of the syphilitic process, 1e, lymphocytosis and 1n-
creased fotal protemn values Previous experlence 1 the treat-
ment of patients with peurosyphlis has shown that changes mn
the abnormal spinal flmd following treatment offer a more rel-
able criterian of therapeutic efficacy or failure than climeal signs
and symptoms

Of the 376 patients with “active spinal fluds” 67 were lost
and 8 are known to have died within 6 months following the end
of treatment This represents a loss of 20 per cent The remain-
1ng 301 were followed up for more than 6 months Ten per cent
of the 301 patients have now been observed for more than 3
Years, 85 per cent for more than 2 years and 70 per cent for
more than one year The longest observation time was 45 months

The first table specifies the diagnostic groups and the length
of observation of each group 1n months

All observers who have reported the effect of pemeillin on
the spinal flmd syndrome agree that the first abnormal finding
of the spinal flud to become normal 1s the cell count The protemn

* Rapid Treatment Center—Bellevue Hospital and New York Umversity
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‘TABLL 1
Length of Observation Time of Palx:gnu“wnh Acttve Neurosyphil s Treared By
< hn

ent

1
Monthy
Duagnosis Number of

Patients 12-24 | 2436 {More thas Y6
——e e —

Asymptomatie 6t 20 1

Menibgovascular 75 Fid 6

Tabes dorsalis 83 33 1l

Demenua parafytica 53 12 7

Taboparests 2% n 5

301 S0 i 103 j 78 I £

values, the colloidal gold changes and the quantitative comple
ment fixation tests decreage gradually, usually 1n the order gIVER
Identical observations were made years ago 1n the follow up of

last paper, Stokes and co-workers reported that they were 1
bressed by the mgh broportion of patients showmg improst
ment in spimnal Auyg abnormahties regardless of whether they

and, therefore, is of favorable prognostie significance  Thert
aré many reasons for thg belief It 15 a well known fact thet
the most severs form of neurosyphilis, general parese, if U8
treated, hag g constant and characteristyy spinal flmd syndrom?
It 18 also notorsons that the older ineffective methods of trest
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THE TREATMENT OF LATE SYMPTOMATIC NEURC
SYPHILIS AT THE BOSTON PSYCHOPATHIC
HOSPITAL

A STUDY OF THE RESULTS OF PENICILLIN THERAPY IN 33
PATIENTS TREATED BETWEEN FEBRUARY, 1944 AND MARCH, 1948

By
Israel Kopp, Augustus S Rose, and Harry C Solomon

A total of 394 patients with neurosyphilis have recenved pent
cillin therapy at the Boston Psychopathic Hospital from Teb
ruary 1, 1944 to March 1, 1948 (Table I) Thrty-two patiest
(8%) have died (Table II) Death was due to syphilis in ot
half of this group, a mortahty rate of 4% Twenty-four patientt
(6%) have been lost to chmeal follow-up, most of these havief
lapsed during the past year A total of 339 patients remail
under observation

In the present communication we wish to present a summar’
of our experiences with pemecillin in the treatment of neurd
syphiis  Since the greater portion of our patients aré of tht
paretic variety, we shall concern ourselves especially with ths
group at this time

MATERIAL

Of the entire group 305 patients (77%) were classified
paretic These patients were diagnosed as general paresi, taber
paresis, and juvemile paresis (Table I) Symptoms of me¥
disorder of varying degrees were present Eighty per cott
this group (245 patients) were psychotic The vartous types d
psychoses present are shown in Table III Of particular 1ntert!
15 the fact that 55 patients (18%) of the entire group of pate™
presented a schizophrenie type of syndrome

As has been mdieated 1n previous reports, many of the P
tients had been hospitalized 1n other mental nstitutions and ol
recelved chemotherapy prior to admission to the Boston pyete
pathic Hospital When treatment was completed and 1f €™
mmprovement was suffictent, the patients were fol]owed n
out-patient department Otherwise, the patients were ré
ferred to the Metropolitan State Hospital nearby, and were et
at repeated mtervals When necessary, patients were readm’md
to the Boston Psychopathic Hospital for additional theraPy
peselhia wor whe begun under contract with the Commltice °}‘,&rrm:
tinucd under grants in aid from the Umted States Public Healtt 5¢
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TABLE I \
Total Patients Treated with Pencillin February, 194 to February 1948
Diagnosts Number
Gereral Paresis 292
{:Avemle Paresis 3
abes 37

Pramary Optic Atrophy 14
Meningo vascular Neurosyphilis 21
Asympromatrc Neurosyphil s 17

“Total 394

METHODS OF TREATMENT

Combined therapy consisting of pemcillin and fever has been
adminmistered to most of our patients Fever was givenin amounts
equivalent to one half of the usually accepted course of therapy,
5 to 7 paroxysms of malana with temperature above 104° (R)
or 20 hours of artificial fever above 105° (R)

Pemicillin was given before, during o1 after fever Pentcillin
alone was admimstered to 94 patients and pemcillin combined
with fever to 300 patients (Table IV) When retreatment was
recessary, an additional course of pemeillin usually equivalent
to the original course was given In some instances, more 8o
when pemeillin alone had first been used, fever was added

The dosage of penierllin first used was 3 million units Expert-
ence with 100 cases given this dosage combmed with fever
revealed the need for retreatment i more than one third of the
cases followed one yetr or more The pentcillm dosage was then
ncreased to § million umts n July, 1945 During the past 18
months peniesllin G has been used
ThThe criteria for retreatment remaimn as previously stated
. ese are chimecal or spinal fluid relapse, and fallure to show
Tﬁmﬁcant improvement 1n the gpnal fiud within 3 6 monthy

¢ cell count should fall to normal withmn 3-6 months, and the

‘TABLE 1L
The Number of Deaths 1n 394 Pen cill n treated Cases of Neuro yph bis
No DuetoG P
Wthn 3 mos of treatment 13
With n 6 mos of treatment [ 4
W thp 12 mos of treatment 4 3
Within 24 mos of treatment 8 s
With n 36 mos of treatment. 1

Total 32 16
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+  TABLL III

Diagnostic Subdivisions of Paretic Patients

T Wk Pryctoss o (>
nple dementia 46
2 Crandiose 28

3 Mamc depressive 23
4 Schizod 55 (1899
5 Peychoneurosis
U Without Psychosis 60 (20%)
Total 305
TABLE IV

Modes of Pemerllin Therapy v8 Diagnostic Groups

Pematln  Pemallin _Pemalln

Penscithn Plus Flus  PlusMalma  Other
Alone Malapa  Cabinet  and Cabinet  Types
General pares s ;
Tabo-patesis © 203 34 4 4
Juvenile paresis )
Tabes 8 12 17
Optic atrophy 3 7 4
Meningo vascular 15 2 4
Asymptomat c 8 2
Total 9% 231 61 4 4

total protein should show considerable improvement withn §
to 9 months

The different modes of therapy for the various ciagnostt
groups of neurosyphilis are seen 1n Table IV. Patients greed
both malaria and fever cabinet therapy were those whose mala
rial fever had spontaneously ceased and were then given !
ficial fever, or patients who tolerated treatments mn the &
cabinet so poorly that malaria was substituted

CLINICAL RESULTS

An evaluation of the chinieal status of 305 paretic pabien
followed 3 months or more after perieillin therapy reveals 1Y
170 (56%%) are improved, the majority able to resde 1P
community (Table V) One hundred and four patients (34”‘!
are ummproved but a fair number of these are able to reme
n the commumty Thirty-one paretic patients have died
1n only 16 can death be attributed to the syphilitie proces$

Our findings also reveal that clinical improvement contind®
during the first jear to a maxmum of approxmately 7
(Table VI) However, Lttle additional improvement ocend?
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TABLE V

Chanteal Status of 305 Penicillin treated Paretic Patients Followed 3 Months or
More (March 1948)

Cl nical Status No Patients
Improved jrl (ssv:,;
Unimproved 104 (34¢,
Dead 31 (100%)
Total 305(100%)

thereafter so that 1f improvement 1s to occur, 1t will usuaily
be apparent within at least one year after combmed pemcilhn
and fever treatment The smaller percentage of patients
the group observed for three years or more (Table VI) can be
attributed to the fact that in ths group there were a large
cumber of individuals who had been transferred to the Boston
Psychopathiec Hospital for treatment after a long pertod of hos-
pitalization elsewhere The inerease in the percentage of im-
provement (65 to 85%) from the first to the second year when
6 milhon umits of pemeiilin were used 1s rather striking, but
may be due 1n part to the fact that there were more early eases
i the group of this year

The 1mportance of the original chnical picture presented by
the patient 1n the therapeutic results obtained 1s seen m Table
VII Of 59 paretic patients without psychosis, 50 (85%) im-
proved with combined pemecilin and fever therapy Of 211
Dpsychotic patients only 117 (55%) mmproved That the type
of psychosis present before therapy 1s also of considerable 1m-
Portance 1n the results obtained 1s seen 1 Table VI Thus, only
25% of 48 patients with hrenic type of psych m-
DProved, in sharp contrast to 60%, 6552 and 90% of 1mprovement
m the simple dementta, grandiose and manic-depressive types
Tespectively

We have attempted to evaluate different schedules of pem-
allin therapy for paresss Three million umits of peniailhin gaven
I 10 days or less with fever resulted m improvement 1 58%
of79 patents (Table VIII) When this same dosage of pemeilhn
Was given gver o 15-day period, T1%% of 52 patients improved
That the time factor may be of greater 1mportance than the
absolute amount of pemieillin given 1s mdicated by a comparable
degree of climeal improvement, epproximately 70%%, when 3
3r 6 million umts of pemaillin were given over a 15-day period
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TABLL 3 IT

‘The Chiical Statun of 270 Living Paretic Pat ents vs Ong nal Chimieal Picture
(Folia ved 3 Months or More)

Tmproved Un mproved Total
W thout psychos 3 50(85%) 9 9
S mple dement 2 76(60%) 50 126
Schzod 12,257%) 36 43
Grandigse 11{65%) 13 17
Man ¢ depress ve 18,20%7) 2 0
Sancdepresve W% ¢ 2 |7

Toral 167(62%%) 193 b0l
TABLE VIi1

Cluical Staty of 20> Pen cill n treated Paret ¢ Pat «1ts Follaved From 17 5 45
Months vs Mode of Pen cill 2 Th rapy anuary 1949

Schedule of N> C s aliv
Pen cdl n Treatment Cises Impravel
3Milon T, s
31019 days 79 16(:3%)
3 Ml an Upts.
1> days 52 3N71%)
EMUonUnts B
1> davs 73 23(72%)
———
’ Total 205 136(07%)

{

Fifty four of 60 patients to whom pemicillin alone had been
}ngen have heen followed for one year or more Retreatment
Va3 necessary in 28 patients (52%) because of evidence of

relap<e or 1nadequate improvement 1n symptor's or spmal flud
(Table 1X) Eleven (409%) of this latter group were treated

with fever as in our opinton penicillin alone was not giving

optimal results  Of the 219 patients treated with combined fever
and pemaillin only 45 (21%) were retreated The present chim

cal status of the entire retreated group parallels that of the

whole series
Teble IX reveals also the importance of the dosage of pemi-

alin when combined with fever in the treatment of general
1
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TABLF IX
Retreatment n Pares s
(Pat ents Followed 1 Year of More to March 1948)

Schedule of No Toul
Pen ¢ 11 n Treatment Patents || Penc In} Fever | Chemo-
therapy
IMUonU 31 10 8 2 2006 <Y
&M on U it] s EAR I
6MlonU G 4 gy
Bikalund
Total 54 15 1 2 | sEn
Pusfe er
3Mllon U 121 21 8
6Mlonl 73 6 4 |
6NMlionU G 25 4 —
Baiia
Total 219 31 12 7 | s

pares:s The table 1s based on patients observed for one y&
or more Retreatment was more frequent when only 3 millal
umts of penicillin were used even 1f fever was admimstered

SPINAL FLUID RESULTS

The changes 1n the various elements of the spinal flud 8%
shown 1n Charts I II ITI and IV The number of cells m i
spinal flud falls rapidly as a result of treatment so that 8%
of the patients reveal a normal cell count within 3 months o
considerable interest 1s the fact that the maximum number @
normnl cell counts 15 obtained 1n 18 months and that ths vl
remuns fairly constant up to 86 months

The total protein values show also a progressive nereast 11
the number of normal values As with the cell count the 1%
mum number of normal values 1s obtained at about 18 mont
and remains fairly constant thereafter

The gold sol shows a progressive fall It 15 our impress®
that gold sol values are more rapidly reduced and norm?l e
ings more frequently obtamed with pemeillin than with for7®
methods of treatment

The strength of the Wassermann reaction dimmshes I'*
gressively as a result of therapy more rapidly durmg the
9 months less 50 from 9 to 18 months and tapering oft thereafte!

In Charts 11T and IV are shown the comparative effects ?
the two different schedules of pemcillin treatment 3 and 6%
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TABLE X

Status of Last Spinal Fluid Obtained on 188 Cases of Pares s 12 to 45 Months

After Peaiallin Therapy With or Without Fever (January, 1948)

| Sp nal Flu d Grouping *

Pens i
c hin
Dl Nee 1 | 1 | W | Tol
3Millon U
510 days 3 9 53 9 7%
| (0%
19%
3Millon U
15 days 1 5 3t 7 o
e | (0%
14%
6Mllon U
15 days 4 1 ) 1 68
—— | @%
22%
* According to cooperative ¢l mie gronps
CrArT I
EGENEGR '('):”
(504 p/eama,) I I
P
{16-50 p/erm,)
. * ¥
(61 p/oma,)
D] ¥
« @
j ¥
X
(08 p/em,y ¥ @
1
Before 3ume. 9mo, l8mo. 24mo, 36mos



(60 + mgse %)

(40-60 mges %)

(20-40 mgs, %)

CuarT 11

Frorags of the 1p
un of the first

four fipires

] B
= ' 1
If fl@ ,
I :
&
"
@ 9
Bofore 3 mo, 9mo, 18mo. 24 m0, 3
%o
Cuarr 111

L__

Before X, 3 mo,

9 mo,

18 me.

24 wo.

36 B0
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CrArt IV

(25) 0.2 co

(20) 0.4 5o

{15) 0.6 00

{10) 8.8 00

{5) 1,9 oo
rarage Titer

Beforo Ry, Sme, 9me.,  18ma, 28 mo. 36mos

lion umts, upon the Wassermann titre and gold sol The curves
are nearly 1dentieal and can practically be superimposed Similar
findings were obtained with the cell counts and the total proteins
) The status of the last spial fluid as of December, 1947 ob
call!ned on 188 cases of paresis from 12 to 45 months after pent-
dl in freatment 13 shown in Table X There 15 Iittle sigmficant
ifference between the various modes of penicillin therapy

COMMENT

whg:r data support the contention that a short course of malaria
oo added to penenllin given over a 15 day period 1s equal to
e ;Jenor to any treatment thus far known 1n late symptomatic
of :yph’h% Our findings also indfcate that the time nterval
recg,,"m’“"‘ admimstration 13 of importance, those patients
who rmg Pemeilhin over 2 15 day period doing better than those
tima ecetved a similar dosage 1n 10 days or less At the present
cxllmwe are unable to state that a 6 million umt dosage of pent-
Tetr ealts Superior to that of 3 million However, 1t appears that
G ment 13 Jess necessary when 6 milhion umits of pentcillin
Pat; used The less frequent necessity for retreatment in those

‘ents who received combined pemcillm and fever therapy
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points to this form of therapy as the most desirable at this time

Our findings also reveal the importance of the type of paretic
syndrome which 15 treated The therapeutic results will depeng
not only on whether one 1s deahng with psychotic or non
psychotic patients, but also on the type of psychosms which u
present These factors, though well known prior to pemetln
therapy, have not been sufficiently stressed when the results of
various chnic groups have been compared They may well be
responsible for the differences obtained

SUMMARY AND CONCLUSIONS

1 Three hundred and mnety-four patients with neurosyphils
have been treated with pemecillin from February 1, 1944 ¥
March 1, 1948 Three-fourths of the patients were of the parete
variety

2 Pemallin was given 1n 3 or 6 mllion umt dosages over
intervals of 5 to 15 days The great majonty of the pabents
were also given fever, erther malaria or fever cabinet m approy
mately one half of the usually accepted course

3 Thirty-two of the patients have ded, but mn only 16 c3t
death be attributed to the syphilitic process The adjusted mor
tahty rate 13 4% Twenty-four patients (6%) have been lost
to climical follow up

4 Of 270 paretic patients followed 3 months or more 62
have improved The clinical syndrome 13 of considerable mpo
tance 1n the therapeutic results obtamed Of 59 non psychet
paretic patients, 85% have mmproved Of 211 psychotic patiené
589 have improved The type of psychosis also plays an mpo*
tant role i the therapeutic results obtained, improvement 130
g from 25% 1n 48 patients with schizophrente-like gyndrome!
to 90% 1n those with mame depressive types These factor?
must be taken into consideration when comparing the resut
of treatment from different climie groups

5 Pemecihn admmstered over a 15-day period and combined
with fever gave better clinical results than when given fof ¥
days or less Clinical improvement resulted 1n 71% of 82 F

tients 1n the former category and 1n 68% of 79 patients 18 ke
latter No significant difference was found when 3 or 6 Tl
umts of penicilln were used

6 Retreatment was more frequent when penicallin alone wt
used, 52 of 54 patients, 1n contrast to 219 of 219 patients (z
whom combined fever ang pemeillin was given Retreat®®”
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was more frequent when 8 mullion umts of pemcilin were used
with or without fever

7 The spmal flmd cell count falls ramdly as a result of
combimed pemicillin and fever therapy, three quarters of the
fluids revealing a normal cell count within 8 months' time
Approximately three fourths of the protein values become nor-~
mal at the end of one year The maximum number of normal
values of the cell count and protein 1s reached in about 18 months®
time  Gold sol values show a progressive declme and become
regative more frequently than with other methods of therapy
Nimeteen per cent of 188 fluids obtained 12 to 45 months after
therapy were negative or nearly so

8 The changes i the spinal fiud following 3 and 6 million
umis of pemcillin are practically identical

9 A short course of malarial therapy when added to pen:
cilin grven over a 15 day period 1s to the present trme and m
our experience equal to or superior to any treatment thus far
known 1n Iate symptomatic neurosyphilis

TREATMENT OF NLUROSYPHILIS AT HOT SPRINGS
V D MEDICAL CENTER

By
George B Parkhurst*

This study presents the progress, as measured by the spinal
flmd exammation, among neurosyphilis patients treated with
mechanieal hyperthermy, malaria, or pemecillin, at the Hot
Springs Medical Center, Arkansas All of the 458 cases included
n this study had a mimmum observation period of six months
Excluded from the study was any early neurosyphilis ease hav-
ng manifestations of primary or secondary syphilis or any
Patient who had had fever therapy within one year prior to
treatment being evaluated

The hyperthermy series 13 composed of 122 patients, most of
whom were treated during 1943 and 1944 This therapy com-
Prsed 80 to 60 hours of fever above 104° F 1n a Kettering
hypertherm (83 per cent of these patients received 40 to 50 hours
about 104° F )

The quartan malaria series consisted of 196 patients, most of
Whom were treated during 1944 and 1945 Sixty eight per cent
of the patients experienced 40 to 50 hours of fever above 104° F ,
———

Pn;kUA i Public Health Service Mechcnl Center Hot Sormgs National
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15 per cent experienced fewer hours, and 17 per cent more hours
above 104° F

The penteillin series consisted of 140 patients treated between
June 1945 and March 1946 Total dosage was 6,000,000 umis
of amorphous peniciliin in peanut o1l and beeswax (400,000 units
every 24 hours for 15 days) plus 8 mjections of arsenoade and
& m)ections of bismuth given concurrently,

Because the majority of eases 1n all groups had reported wide
varigtion 1 amount and type of previous arsenmical and bismuth
therapy, and because so Little of 1t could be verfied, no endeaver
has been made to classify the results of this study by either
amount or type of previous treatment The patients treated with
the hypertherm and with malaria were dischayged with the ret
ommendation that additional arsenical and bismuth therapy te
given at the local health department, but data are not available
on the amount of treatment, if any, which was given after &S
charge from the Medical Center No additional therapy was ret
ommended for the patients treated with the pemeillin schedule

In Table 1 cumulative failure rates after 24 months postireat:
ment observation are shown by type of neurosyphilis and method
of treatment The cages were divided into three groups (1)
asymptomatic neurosyphils, early and late, (2) vascular and
meningovascular neurosyphilis and (8) paresis, tabes dorsabs,
and taboparesis The failure rate was caleulated by adjusting
for lapses from observation, on the assumption that the samt
proportion of fallyres occurred among the eases lapsing 3
amoug these who remained under observation

There were no sigmificant differences m faslure rates amont
the three types of treatment 1n any diagnostic group Where#
small numbr of cases was observed, as occurred in the latef
absertation periods of several series, one falure would cavse
great increase 1 the cumulative faslure rate Since the distnibt
tion of cases by type of neurosyphibis 13 approximately the sané
for mechanical byperthermy, malaiia and pemeilhn, the * totel
alf diagnoses  which eliminates small totals presents the bes
mdication for comparing failure rates by typ'e of treatment Bj
the end of 24 months posttreatment observation, 11 6 per ¢
of the patients treated with the penieillin sche(iule had faled
as compared with 12 6 per cent following malaria and 143 %0
cent foflow g mechaniea) hyperthermy On the basis of falure
rites pemeilin appears equally as effective as the hyperther™
or malaria in the treatment of neurosyphilis
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CHART 1

PERCENTAGE OF CASES SHOWING ACTIVITY” IN THE SPINAL FLUID BY
TYPE OF TREATMENT AND PERIOD OF POST TREATMENT OBSERVATION

06
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Chart 1 presents the per cent of cases showing actwity in the
spinal flud at the time of admission and at sic-month ntervsl
flﬂr two years following treatment An active spimal flud ¥
{ ::rtxzi las one in which the cell count 15 greater than 4 and/ot
the to z: ;robem ts greater than 30 mg per cent Cases that 21

(] da ed for either clinical or spinal flud failure, or both, att
considered active in subsequent periods However, only a PI*
portion of these cases 1s mncluded 1 subsequent periods (e
?;oz?z::;:ln \{anes with the percentage of total cases examuned
mcchamc:l“haf period ) Sixty nine per cent of the cases m i
eaeal :Sperthermy and n the malaria series and 83 P&
<proal ¢ nesdm the pemeilhin series showed actwity in i
10 per ooy Zf S] mission By 24 months following treatmenb
pemailhin-treated e malaria treated patients, 15 per cent of th
pemell pmezte patients, and 26 per cent of the hyperther®
indicates that s still showed activity in the spinal fluid Chart
e o thpemcxllm ehmmnates actwity 1n the spmal fud

A thied y than does malana or hypertherm treatment

comparison of pemecilhin, malaria, and mecham““
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hyperthermy 1s based on changes in spinal fluid groupings fol-
lowing each type of treatment This 1s mainly a comparison of
the response of the Kolmer test on spinal fluid by the methods
of treatmehit since grouping 1s usually dependent upon the degree
of Kolmer positivity in dilutions and may not have correlation
with actiity  In defining the groupings of spinal fluds, the
following criteria were used:
Group II—Positivity (44 or 3+4) 1 the Kolmer comple-
-ment fixation test 1n 125 cc of flmd (443), or
greater, usually with markedly increased protemn
and/or cells
Group II —Kolmer positive from Bee to 25 ce (4 or 44) of
spmal fluid, usually with moderately increased
pratein and/or cells
Group I —Those having a cell count of more than 4 and/or
elevated protein above 30 mg per cent and hav-
ing a negative Kolmer complement fixation
Negative —Those normal 1n all elements
Upon admission to treatment, 72 per cent of the patients had
2 group III spinal flmd The followmng chart apples only to
these patients Essentially it 1s a showing of weighted averages,
Wwhich were derived by assigning weights of 8, 2, 1, and 0 to
the number of fluds i Groups 11, II, 1, and Negative, respec-
tively, 1n each of the observation periads Thus, smce only
Group 111 patients were used, this chart shows a value of 30
1 admisston and, 1f 1n any one therapy they had all reached
negativity by 18 months, that value would have been zero Refer.
ence to this chart indicates that there 1s hittle difference between
malaria and mechanical hyperthermy i their respective effect
on the spinat flmd, but that pemeillin generally brings aboui
more rapid and greater changes than the other two methods of
treatment 1f this grouping of the spinal flld 15 used as an
Indieation of improvement in neurosyphilis, it would then ap-
Dear that pemeillin 18 the most effective of the three types of
therapy
Table 2 presents 1 summary form the results of spinal fimd
tests of patients treated with pemeciliin at various periods of
observation It ghows the per cent of cases which are abnormal
In each perind for each of the four elements of the spmal flud
Syndrome Tamuts, as indicated in the table, were established
for each of the elements to determine abnormality The percent~
28 of cases which were abnormal mn each of the observation
’
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CHART 2
COMPOSITE $PINAL FLUID GROUP CHANGE FOLLOWING TREATMENT
OF PATIENTS HAVING GROUP Jil SPINAL FLUID ON ADMISSION

Al Types of Neurosyphilis

3
,’hl_-lgenherm
oy
2 Maiaria =
m
|
e}
Adm 6Mo 12Mo, 18Mo

veriods follow the expected Pattern—the cell count returning
to normal first, followed by total proten, collordal gold, and
Kolmer Wassermann 1n that order

. The response to treatment among patients with early asymp
omatic neurosyphilis (under 4 years) was sigmficantly (at 1%
lesel) more rapid than among late asymptomatic patients O
the 24 cases observed for 12 to 24 raonths, 20, or 83 3 per cent
<howed 2 negative spinal flud test on last observation 1n that
Perlod’. Among the late asymptomatic neurosyphilis cases, 46
or 317 yer cent, of the 145 cascs observed between 12 and

months had
mterv:l ad & negative apinal flud on last observation m thet
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A comparison of the symptomatic cases of neurosyphilis who
had had their symptoms for less than one year with those who
had had symptoms over one year showed that in general the
earher 1n the period of symptomatology the case 13 placed under
adequate treatment, the better the response

SUMMARY

(1) On the basis of failure rates, pemcillin appears equally
as effective as hypertherm and malaria 1n the treatment of neurc-
syphilis

(2) Penicilin elmnates activity 1n the spinal flud more
rapidly than does hypertherm or malara treatment

(8) By the end of 18 months observation, pemaillin treat
ment reduces the Kolmer test to negativity in a greater per
centage of cases than does malaria or hypertherm treatment

NEUROSYPHILIS EVALUATION AFTER TWO YEARS OF
TREATMENT WITH PENICILLIN ALONE AND WITH
A COMBINATION OF PENICILLIN AND MALARIA

By
Arthur C Curtts, S F Horne, and Dorothy H Norton*

Since 1944 there has been a gradual accumulation of dat?
concermng the effectiveness of pemesllin i the treatment of
neurosyphilis A report on 118 patients treated in this hospital
and observed for a mmmmum of one year, subsequent to trest
ment, has been made * The present study wncludes this series of
118 patients who now have been observed for two years subse
quent to therapy and also introduces a new one year grovP
This analy<s of a larger number of patients and a longer Pcmd
of observation makes 1t obvious that the conclusions based o8
the presious study must be revised

Our first report! reviewed the early hterature from the first
use of pemeilhn 1n neurosy philis by Stokes and s assoerates”
and consequently will not be repeated Since then seyeral studits
Fave added to our constantly growing knowledge of the value ¢
remellhn alone and in combination with various other ther®
peutie agents in the treatment of central nervous system syphil¢

* Department of Dermatology and Syphilology University of Mich 22"
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In a three year progress report from the series under study
at the Umversity of Pennsylvania, Beerman?® has noted that peni-
allin alone 1s equal to malaria therapy for paresis, and superior
to therapeutic malaria for cases of tabo paresis, tabes dorsahs,
memngovascular syphilis and asymptomatic neurosyphths Thus,
it seems that the early optimistic reports from these observers
are being upheld by longer periods of observation O'Leary and
Kierland,* conversely, believe that the parenchymatous forms
of neurosyphilis are resistant to pemcillin therapy and that
the ‘results from the treatment of neurosypmls with pemeil-
Im are still unpredictable and somewhat erratic”

A number of reports have appeared dealing with pemeillm
treatment of a small series of patients followed for & relatively
short time In general, these papers corroborate the early find-
ings of other workers Jones and Peck® treated six patients
having dementia paralytica with pemecillin slone( two courses,
each of 2,400,000 units, separated by one month) and assessed
the mental changes by repeated psychometric tests Three pa-
frents were improved mentally, one was unchanged and two be-
came progressively worse In all cases there was improvement
M the spmal flind abnormahties Heyman® has reported his
Seties of 141 patients with neurosyphilis treated with pemeil-
kn (1,200 000 umts, later 2,000,000 and 3,000,000 umits and
finally 5,000,000 umits given as 50,000 units every three hours
for ten days) and followed for six to nineteen months It 1s his
belief that 4,000,000 umts 1s the mimmum satisfactory dosage
for the treatment of neurosyphills The relapse rate with this
dosage was approximately 15 per cent and most oceurred within
Six months after therapy When 48 patients treated with 4 000,-
000 umits of pemeitlin were compared with a sumilar number
Previously treated with fever the response to both types of ther-
apy appeared similar, but symptomatic improvement seemed
better with fever He believes that pemcilin does not replace
fever therapy as the treatment of choice n late symptomatic
Reurosyphilis Swertzer? reported nine cases of central nervous
System syphihs treated with pemieillin alone and followed for
five to seventeen months Two of these showed negative post-
treatment spinal flmd findings and the remainder showed some
Mprovement spmal fluid abnormalities and m physical well-
being Leavitts reported a group of 171 patients with neurosyphi-
bis (734 Per cent asymptomatic) who were treated with 2 400,-
000 units of pemeniin or with one of two schedules combining



trivalent arsenic, bismuth and penicithn The group was observ
ed from three to eighteen months after treatment Check up
examinations of the spinal flud showed refimte improvement
1 69 6 per cent and normality in 251 per cent There was no
significant difference in the results obtained from the three
methods of treatment ¢
MATERIAL

Since 1944 a total of 539 patients with various types of neuro-
syphilis have been treated at the University Hospital Four hun
dred and eight of these patients were treated more than one
year ago Eight patients died (none from syphihis) and 145 of
these patients did not return for a check up within the one year
post treatment period Eighteen patients were removed from
the series because they were retreated elsewhere, without ap-
parent reason Seven patients with the inactive spinal flud
formulae of Dattner-Thomas and seven patients who recenved
less or more than 4 000,000 units of pemcillin were removed for
statistical reasons This report, then, 1s of 223 patients treated
for some type of neurosyphihs who have been observed for 3
miumum of one year subsequent to treatment One hundred
and four of these 223 patients have been followed for at least
two years since the termination of treatment

The patients treated were chiefly of the white race there be
ing but four Negroes in this series of 223 people The averzg?
age was 37 years the oldest 66 years and the youngest eight
years There were 76 females and 147 males

The distribution of the types of neurosyphilis 1s shown 1
Table I In spite of an almost equal number of patients treated
by the two methods, the two groups are not entirely suitable for
statistical comparison In our earlier report,! there was a ten
dency to give fever therapy and pemicillin to the more advanced
and deteriorated cases However, as the effectiveness of penl
cillin alone became apparent, we have treated more patients by
1t alone The two groups are now more nearly equal 1n severity
and rapidity of Progression than they were when the first follo¥
up study was made
METHOD OF TREATMENT
nts received erther penicillin alone or pent
(Table 1) The details of these treatmest
recorded previously’ but, 1n summary, the
istered n saline, 40,000 umts intramuscels
3 for 100 doses, making a total dosage ©

All of the patie;
allin plus malaria
schedules have been
penicillm was admin
ly every three hour:



{219]

TABLE {
Types of Central Nervous System Sygh 13 Treated w th Pen ¢ 1 n and Malana,
and Penclin
One Year Group Tao Year Group
Treatment Treatment
Tenclln Penclln
Neurosyphls  Cases Pencla _ and Cass  Penclin  and
falar a Malana
Type Number Number Number Number Number Number
Aspmptomat ¢ 2 19 7 8 6 2
Men ngovascular 0] 1 3 15 9 6
Tabes Dorsal s 63 37 A 2 19 6
Tabopa es s 43 17 26 21 8 1
Pies 71 23 43 35 1" n
Totals 223 108 13 104 55 49

4030 000 umits 1t was given either alone or in conjunction with
therapeutic malaria {tertian) the patient recerving 50 or more
hours of fever over 103 5°F rectally

RESULTS—ENTIRE GROUP

The results of treatment have been most gratifying Tables
H 2nd I summarize the results obtained both chinically and in
the spinal flmd examinations The response of the cell count,
total protein colloidal gold curve and guantitative Kahn serologi
cal tests are shown 1n Figure 1 Recently, 1n addition, quantita
tive Rolmer tests have been done and they too follow the same
general trend of the quantitative Kahn serological test.

One year after treatment the group of patients who received
Pemiaithin alone showed 79 per cent clinical improvement and 82
Per cent improvement 1n the spmal fluid abnormalities The group
who recerved penicillin plus malaria attained 69 per cent chim
<al improy ement and 89 per cent 1mprovement 1n the spinal fluid
findings After two years observation of 104 patients 86 per
tent of the pemerliin alone group showed clinical improvement
and 85 per cent had 1mprovement 1n the spinal flnd formulae
The group that received combined therapy showed improve
Ment respectively, of 66 per cent and B8 per cent Smnce it was
]felt that those patients who faded to ymprove n the year fol
t‘;‘“'mg treatment were in greater danger of detertoration than

9s¢ who did improve we combined the figures for this group
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with those who became worse during the first post treatment
year ! However, those patients who were unchanged during the
first year have not shown deterioration during an additional
year of ebservation No patient has shown a progression 1n the
spinal flud abnormahties during the second post-treatment
year The few who have relapsed did so during the first year
and have been retreated

At the end of one year 22 (21 65 per cent) of the patients mn
the pemeillin alone group and 14 (12 8 per cent) 1n the combined
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TABLE 11

Results of Treatment of 223 Pat ents Hav ng Seve al Types of Nearosyph 13
enc nandlenc n Plus Malara Fo owed for one Year

1 Total
Appasl Tamer  ner o Seehsngd  Wome e
-_
Penc 4
Cincat (Asymp- Pen el pand L
tomat comited  Maa s B 25w g 7 106
P i
Sowres Fgill. ®om s o3 oW
\ala s 02 8 ne 9 2 2 18

¢ Includes 6 paten s w th ne
8at ve sp nal flu d before treatment
** Includes 1 pateat w th negat ve innzl fu d befo ¢ treatment
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‘TABLE 111

Results of Trestment of 104 Pat ents Having Several Types of Neurosyphilta
With Pemicallin aud Penicill n Pluy Méﬁma Followed for two Years

Improved Unchanged ~ Worse _Total
Apprassl  Treament  No % No % No & Number
Peme lin 2 8% 6 12 i1 2 &
Clocal (Asymp- | Penie 1 n and
tomat c omitted)  Malaraa H e 1 B 5 1 4
Pen cillin a7 8 8 15 0 0 55
Spmalflud Pemscillin and

98 10 2 0 o 49

.: Includes 4 patients with negative spinal fla d before treatment
This patient had negatrve spinal fud before treatment

group had negative spinal flmd examimations During the second
year seven patients who had received penesllin alone developed
negative spmal flud examinations In the combined therapy
group, three reverted to negativity Thus, after two years obser-
Vvation, subsequent to treatment, 19 (37 2 per cent) of the pa-
tents who recerved pentealin alone and 7 (14 3 per cent) who
received combined therapy and negative spmnal flud examuina-
tons Only patients who had positive fluid examnations prior
to treatment were included 1n these figures There 13 no doubt
that the sevenity of the disease and the degree of deterioration,
associated with the more highly positive spmal flmd formulae,
account for much of these differences in the response of the
spinal flmd abnormalities

With few exceptions, elinical ¢ has been nted
by comerdent improvement of the spinal fluid abnormahties In
ﬁ!fz;ue 1, improvement 1n the several components of the spimal
P flsls}u)wn The cell count first reverted to normal, followed
mllmaa{ 1 the total protein Later, there was a reduction m the
cm_ve:l gold curve* and in the number of Kahn umts The
bt are so closely parallel that we are unable to determne
almesg'tmﬂcant difference 1n the response of the vartous abnorm-
- o either method of treatment except that there 13 more
hlgherlmprovement after malara plus pemeillin due to the

At average of the spinal flnd components

the end of two years the curies approximate each other

I
in the &,ﬁf&i‘f’;il ;rce“rtg; average of the total of the first three figures

K
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The difference 1n degree of activity between the two groups
prior to treatment 1s offset by the fact that the curve for the
combined group remains abose that for the penicillin alone group
1n the instances m which an abnormality continues to exst

Al that hag been said about the two groups as a whole con
tinued to be true when the various types of neurosyphilis were
«tudied individually

RESULTS—ASYMPTOMATIC NEUROSYPHILIS

Twenty sin patients with asymptomatic neurosyphihs were
folioned for a minwnum of one year and wipht were cbserved
for two years after treatment (Table IV) Nineteen of thes
patients recewved pemcillin alone and seven were treated with
malaria and pencilin Six patients in the former and two n the
satter group have been obseried for at least two years

Since the patients had neither symptoms nor abnormal phst
cal findings a chmcal appraisal was not possible No patient
n this group had developed symptoms, abnormal signs or pre-
giessive abnormahities mn the spinal flid since the completion
of treatment At the end of one year 17 {89 per cent) of the 19
patients who received penicillin alone showed nmprovement m
the spinal fluid abnormalities while 1n two mnstances the findings
were unchanged After the same time interval six (86 per cent)
of the seven patients who received combined treatment showed

TABLE 1y

Results of Trea ment af 34 Pat ents Vo th Asymptomat ¢ Neurosyph 13 W th
Peaclin and Penclin Plus Malar a

One Y ear Group—26
Tmprove! ~Uschanged Worse Tl
Appea sal Treatment N % ho % Ne Y%
—
Penclln ) 1 o o ¥
Cloeat Penclln and 0w
Matara o o 7 w0 o o 7
Mmoo 0 7w o 0 T
Fenc in v e o o0 ¥
Spridusd Penclin and N
Malara 6 8 1 o1 0 0 T
Two Year Group—§
Penclln [} L
o cal Penclin and o6 w0
Mafara o o 2 w o 0 !
w
Pencit 6 o 6
Spaalflud Penclinand o000
Malar a 2w o o o o0 !
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improvement 1n the spmal fluid findmgs, and one (14 per cent)
Wwas unchanged However, all eight patients (100 per cent),
theerved for two years subsequent to therapy, showed mmprove-
ment in the spinal fluid abnormalities Six of these recersed peni-
tllin alone and two malaria plus penicitlin The response of the
Various components of the spinal flnd 1s shown 1n Figure 2
(The asymptomatic and menigovascular groups have been com-
bmed 11 Figure 2 for this study since they are relatively small
groups usually represent eariler mamfestations of the disease
and respond 1 essentially the same manner to therapy )

At the end of one year the spinal flmd exammations of five
batients (26 per cent), who received pemctlhn alone became
negative Two of them who were observed for an additional year
emained normal No patient 1n the malaria plus pemaillin group
Teverted to negativity Perhaps this 1s explamed by the higher
#erage quantitative Kahn serological tests 1n the latter group
(Figure 2)

MENINGOVASCULAR SYPHILIS

There are 20 patients with memngovascular syphilis who
have been observed for at least one year Twelve of these re-
cetved pemenllin alone and eight were given malaria plus peni-
il Fifteen of these patients (mne who recerved pemicillin
alone and g1 who recerved the combined treatment) have been
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TABLE V

Results of Treatment of 35 Pat ents With Menmgovascular Neurosyph lis w th
Pentallin and Pemc liin Plus Malana

One Y ear Group—20
Improved Unchanged  Worse  Toul
Appra sal Treatment No % Ne % o % Number
I;cm:x!lllm . o9 1 8 0 0 1
1 enicillin an
Clies Malaria 7 8 1 12 0 o 8
Pemall n 12 100 0 9o 0 o0 1
Sp nal fud Pen ali n and
Malana g 100 o0 o o6 o 8
Two Year G 15
Peme Nl n P S L A ST S
Clmcal Penicillin and
Malara 5 8 1 17 0 0 6
Penalln 9 W ¢ o o0 0 9
Spwal fud Pen cillin and
Matana 6 100 0 0. O 0 3

followed for a mimimum of two years (Table V). Only one patient
1 each treatment group failed to respond chmeally after one
and two years of observation At the end of one year all patients
(100 per cent) have shown improvement in the spinal fimd find
mgs and this trend was maintained after a two year Pe“"d
of observation

RESULTS-—TABES DORSALIS

This group 18 the second largest and consists of 63 patient
who had tabes dorsalis Thirty-seven patients in this group ¢
cerved pemeillin alone and 26 received both therapeutic malafi
and penieillin Twenty-five of these 63 patients have been obser?
ed for a mummum of two years subsequent to treatment (Tabl
VI) At the end of one year 25 patients (69 per cent) treated
with pemiaillin alone had shown symptomatic improvements 1
(29 per cent) were unchanged and one patient (2 per cent) ¥
worse Eighteen (70 per cent) of the group that received malan?
plus peniailin were improved at the end of one year, whit
eight (30 per cent) were unchanged and mone were Worse
the end of two years observation 15 of 19 patsents (79 per cet!
treated with pemiciilin alone were improved while four (21 ¢
cent) remaimned unchanged Four (66 per cent) of the six P2
tients who recerved malana plus pemerllin and were obser'®
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TABLE VI

Re ults of Treatment of 88 Pat ents W th Tabe Dorsats Wth Penclln and
Pen c Il n Plus Malana

One Year G 03p—63
Improved Unchan e Wore Total

Appra sal Treatment N ¢ No % Neo % Number
Penclla > & o2 ot 1 ¥
aal Pen c il n and
Malarta 18 70 8 30 0 0 26
B 0 st 7 1 0 0 37
Spualfud Benc nand
Malara 0 80 6t 20 0 0 26

+1 cludes 6 and ** ncludes 1 pat ents w th negat ve sp nal
flu ds before treatment

Two Yeas Group—25
Ca Penclin 15 79 4 24 0 0 1
it Pencl nand
Mals 2 4 3 1 17 1 17 6
Penc ln W o8 22 1 0 0 1
Spnaltud Pencil 1 and
Malara 6 100 0 0 0 L] 6

« Both pat eats had negat ve sp nal flud befo e treatment

for two years after treatment were improved One (17 per cent)
remained unchanged and one (17 per cent) was chinically worse
In no case did the spinal fuid formula become worse At the
end of two years there was improvement of the spinal fluid find
ngs i all cases that were abnormal before treatment The
;flﬂng% m the various cerebrospinal flurd tests are shown 1n
. ;Ig“re 3 Seven (233 per cent) of the patients with tabes dor
. 1s who recerved penzcillin alone developed negative spimnal flurd
Xaminations at the end of one year In the group that received
§0mbmed therapy five (263 per cent) reverted to megativity
e)“‘mg the first year At the end of two years of observation
ﬂght (53 3 per cent) of the pemcillim group had negative spinal
wds Four of these had become megative during the second
::ir In the combined group two patients (40 per cent) had
. 2attve spinal flud exammations two years after treatment
e of these became negative during the second year
. tThree patients had tabes dorsalis associated with Charcot
rthropathy Two patients developed the arthropathy subse-
Quent to peniciliin therapy and as would be expected none has
proved
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Seven patients with “burned out” tabes dorsalis had negalive
spnal flud examinations, but suffered from yepeated attacks
of pain Five patients recenved pemeitiin only and two receved
malarra and pemeillin There was improvement 1n the five P2
tients who receved pemcilhn alone One patient had gostit
crises and improved during treatment, but has not been seed
gince treatment was completed With the exception of one "
tient who has shown gradual improvement over a period of ont
year, the patients have improved durmng the first three to s
months after therapy and have remamed essentally unchan
since then One of the two patients who received combrned thers
py was an opiate addict It 13 impossible to evaluate his clinied
response The other patient treated with malara and Pe““ﬂ
hin has shown no change

RESULTS—PARESIS
The largest group of this series consists of 71 patients with
paresis and 43 patients with taboparests They have been 10
lowed for one year Of this total of 114 patients, 56 have bee?
followed for two years (Table VII) Forty of these patleﬂ'J
recetved penteiliin alone and 74 were given malara and penictli®
Twenty-one of the former and 35 of the latter group have et
observed for at least two years after treatment
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TABLE VII

Results of Treatment of 170 Patients with Parests Ircludiog Taboparesis with
Pemailin and Pensorllia Plus Matana

One Y car Group—114
il Treatment Improved Unchanged  Woree  Total
Ne % No % No % Number
Pemethn 7 6 10 15 3 7 40
vl Pency1n and
Malania 51 € 15 20 8 11 74
Pemallin i 8 6 1 0 0 40
wlfud Pen e lin and
Malaria 65 &8 7 9% 1 1 74
Two Year Group—56
Penctlln ™ 13 6 6 2% 2 9 U
saal Peueilin and
Malana 23 66 8 13 4 11 35
Peniorll n 7 o8 4 19 0 0 21
alflad Pee eilhin and
Malana 3 97 1 3 o0 o 35

The penicillin alone group showed 68 per cent climical and
Per cent improvement 1n the spinal find findings 1n one year.
1315 1n contrast to 57 per cent and 70 per cent 1mprovement,
Pectively, 1n the previously reported smaller group?! Those
9 received penicillin plus malaria attained 69 per cent chimical
188 per cent improvement 1n the spinal fluid abnormalities as
Bpared to 64 per cent and 71 per cent, respectively, in the
“lier report! No superiority of either method of treatment
demonstrated by the present figures At the end of a two year
sttreatment period of observation the pemcillin alone group
wed 62 per cent clmical and 81 per cent improvement 1 the
nal flmd findings Those who recexved pemcilhin plus malara
wed 66 per cent chimcal and 97 per cent improvement 1n the
mal fimd exammations 1 two years
Seven (185 per cent) patients who received pemeillin alone
negative spinal flmd examinations by the end of the first
2r During the second year three (15 5 per cent) of 19 became
Zative In the group treated with combined therapy, eight
18 per cent) spinal fluid examinations became negative dur-
? the first year and two of 31 (6 4 per cent) reverted to nega-
2 during the second year of observation Thus, at the end of
WO year post-treatment follow-up period seven patients (368
¥ cent) who recerved only penicillim and six (19 4 per cent)
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who were given malaria plus pemcillin had reverted to negd
tinty

Figure 4 1llustrates the response of the various cerebrospinsl
fluid abnormalities to the two methods of treatment The cunet
closely parallel each other, as 1n other types of neurosyphil $
and there 1s no sigmificant difference 1n the response excep
that agamn malana plus perueillin produces 1mprovement moré
rapidly

In the previous paper * malaria plus pentcillin was 4:onslde\‘ed
to be the treatment of choice for paresis but with a Iarger grovf
of patients and a longer follow up period 1tg superiority was Jest
evident The combined therapy showed a 16 per cent superiofty
over pemicillin alone m producing mmprovement 1n the spe
fluid abnormalities after two years of observation After 01
year of observation this superionty was only 3 per cent Tugh
er with the combined therapy than with penieillin alone Thest
figures indicate that patients must be observed for & Jong¢
period before defimte conclusions can be reached The other ¢®
parative studies indicate hitle 1f any added 1mprovement whet
fever therapy 15 combined with pemailin Cliically there ¥

no significant difference 1n the two groups after one and ¥
years
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COMMENT
Progressive improvement 1 the post treatment cerebrospinal
fluid 18 the best andicator of the adequacy of treatment in cases
of neurosyphilis, and the demonstration of an arrest and reso-
luton of the disease 1s based, in the mam, on the attaimment
of 4 normal epinal fimd “Improvement’ and ‘ progression” are
difficult to define 1n cases of central nervous system syphhs be-
cause physictans vary in their interpretations of the chimcal
Phenomena involved the reaction to the disease 1s different mn
each patient and 1n the same patient, from visit to isit Because
of this the cerebrospinal flmd abnormahties comprise the most
<ubstantial basis for analysis of a group of patients with neuro-
syphilis The climeal result 1s relegated to second place because
of the frequent mabihity to accurately evaluate the often slow,
:aned and insidrous “rmprovement” or “progression” of symp
0Tg
The group of patients with asymptomatic neurosyphilis per-
Tit the most clearly defined opportumty for a comparison of the
effect of the two forms of therapy on the spinal fluid abnormah
ties These cases requnire no discussion It 13 evident from the
results that there 18 no value n the addition of therapeutic
malaria to a course of 4 000,000 umts of pentcilin At the end
of to years observation, subsequent to treatment, there was 1m-
Drovement in all cases and 1n no patient has there been a relapse
Pemerllin alone 1s the treatment of choice 1n asymptomatic neuro
§phibs The same can be saxd m cases of menmngovaseular
5yphilis and tabes dorsalis
; Taking into consideration morbidity and mortahty as well as
erapeutic effectiveness pemaillin alone 1s far less dangerous
:"d probably equal 1n therapeutic effectiveness to the combina-
'on of pemeillin and malaria i the treatment of general paresis
ere May possibly remain some evidence that fever therapy
Plus pemerlhin 15 superior to peniaillin alone 1 dementia para
‘l{tlm We have the 1mpression that a longer period of observa-
on after treatment will show improvement from pemcillip
2lone equal to that from combimed therapy
One hundred and mneteen (53 4 per cent) of our patients
d at least rmmimal adequate antiluetic therapy prior to being
€xaminegd by us Almost without exception this was not given
Uring the early stages of the disease Ninety-seven (81 per cent)
of these patients later showed improvement following treatment
of their neurosyphihs
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Age and sex of the patient do not seem to contribute to the
number of failures The chief cause of progression of the di
sease 13 1n the indinidual’s inability to react favorably to pent
cilln or fever therapy Neither pemeillin nor therapeutic malana
can erase degeneration or replace scar tissuye and these appear
to be the basic causes for failure even though treatment has been
adequate If patients with neurosyphihs can be treated with an
adequate dosage of pemeillin before symptoms, the majority
will suffer no disablity from the disease

We have not been able to correlate changes 1n the blood serol
ogical tests with clinieal improvement or lowering of the spinal
flud formulae The majority of patients with positne serol
ogical tests in the serum have maimntained some degree of post
tivity 1n spite of chncal improvement and/or improvement 1
the spinal fluid abnormalities

SUMMARY

1 From a total of 539 patents with neurosyphilis who have
been treated with penieillin alone or penicillin and malana 223
were observed for one year and 104 for two years after treats
ment

2 Patients with asymptomatic neurosyphilis memngovasct
lar syphiis and tabes dorsalis respond as well to a pemcillin
alone regimen as one of pemcillin and malaria This response
was apparent in both the clinical evaluation and spinal fimd
mmprovement of these patients

3 Patients with paresis and taboparesis responded as el
n the climcal evaluation of their symptoms to penseillin aloné
as they did to a combination of penicillin and malaria The lat
ter regimen retamns a shght superionty after two years of
observation 1if the improvement in the spinal fluid 1s used 2 the
sole 1ndex of comparison A longer period of post treatment
observation seems indicated hefore any final conclusion ean be
drawn regarding the efficacy of penicilin alone in the treat
ment of this group

4 The response of patients with the several types of neur®
syphtlis seems to be more rapid when the combination of pen!
cillin and malaria 1s used Even 1n taboparesis and paresis ther®
are indications that pencillin therapy alone will eventually prov®
as effective as its combination with malaria Penicillin theraf¥
alone 1s certamly far less hazardous
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DISCUSSION OF PAPERS ON NEUROSYPHILIS

Evan W. Thomas (Bellevue Hospital) : I think at ‘mpor-
tant that & more umform terminology be adopted to desenbe
the spinal fluid findings of patients with neurosyphiis The
terms “neal normal” and “practieally negative” are vague
and subject to misinterpretation The term “Dattner-Thomas
spmal fld formula” also has little meaning unless even-
one understands what Dattner and I mean by “actne” and
“mactive” spinal flurd findings In most cases of active syphilitic
mflammation of the central nervous system the spinal fmd wil
not only have positive specific tests for syphilis but also have
ncreased cells and protemn and abnormal collodal tests The
cells and 1ncreased protemn are evidence of an active inflamm?
tory process Following successful treatment of neurosyplilis
healmy- of syphilitic lestons begins to occur The healing proces
15 reflected 1n the spinal flid findings with the result that cel
counts become normal within 3 months after treatment and
abnormally high total protens begin to fall towards normal
Jevels Quantitatiye complement fixation tests of the spinal fd
and abnormal collordal tests also show trends toward norml
‘alues, although they usually remain abnormal for longer period
than the other two tests Following therapy, as long as the cell
count 1s normal and there 1s a satisfactory droo in the total pro-
tein, Dattner and [ use the term “mactive spinal flmd” to mdt
cate that the syphihits process in the central nersous system 18
7o longer progressmg but 15 healing We do not believe that 118
;’@CESSM‘Y or advisable to give further antisyphilitic treatment
to patients who<e spinal fluid findigs mdicate an arrested 1ather

han & progressive syphihtic mflammatton

As a brief deseriptive term 15 desirable to dufferentinte b
theen spinal fluid findings which indicate syphilitic 2wl
and mactivity, we suggest the terms “active spinal flmd” and

‘mactise spial flurd” rathe s
v th tpieap ROV
or “practieally negative » an such phrases as “near



PENICILLIN IN TREATMENT OF PRIMARY OPTIC
ATROPHY

By
Joseph V' Alauder*

As of April 1 1948 forty mmne patients with primary ophtie
atrophy as part of neurosy phulis have been treated with pemeilln.

Of the forty mine patients 13 were white and 36 were Negroes
Of the white patients 9 were males and 4 were females of the
Negro patients 27 were males and 9 were females

Forty six of the forty mine patients had acquired syphilis
the remaining three were females who had congenital sy philis
their ages were 15 21 and 28 years respectively The age range
of the forty s1x patients with acquired syphilis was as follows

2780 38136 3640 4146 4755 56 66
3 6 4 15 12 6

Of the patients with acquired syphills 28 h d tabes 17 dd
{L.e meningovascular neurosyphilis and 1 had gener~1 paralysis

When penerllin v, as first employed m treatment m April 1944
Commereia) sodium pemcillin was employed mjections were
8hen every three hours for seven and one half days for a total
Gose of 4200000 umts No ofher treatment 3 as given unless
theoptic atrophy unfavorably progressed retreatment with per
in was then instituted as well as fever and chemotherapy
n“ﬁ:( one of the forty mine patients were treated accordmg to
th s schedule

About August 1946 a new schedule of treatment was mstitut
*d This consisted of 8 6 grams of erystaline Pemaillin G (the
“aunalent of about six mullion umts of commercial sodium pent
el ny Injections were given every three hours for seven and
one half days Fever therapy (eight to twelve fever 11ses) Was
Biven conjomntly with pemaillm  Malaria was favored i the
Py 12l condatyon of the pattent permutted quartan malaria being
eriployed for the Negro patients No subsequent treatment was
Y;:\t’n unless the optic atrophy unfavorably progressed Seven

€l patients were treated with this new schedule

The status of the optic atrophy of the forty nme patients
5shown 1n Taple 1
shown an Table I the opt ¢ atrophy of 42 of the 49 pa

t
®MS Was progressiye at the time pemcillin was given Of these

3
W5 Hosp tal P ladelph a



o wsd it pIEH—
vass
Adeaong wgwsd o 3w 3¢ $949 410G 1 893150 (/9 A10o% (PAMA—

suoN P
suoN as1opy .m_sn“u 0
ruone
L1 S SR | i 4 350 Jo ON (s3se3 1) S
23uey) 6N
2 s¢ IE ergd AR3q0 sOIY
s 197 esl ol s25¢] Jo ON
(sase3 9)
¢ suU 8 R wpporwad et
331J2 sy1uowt UK ssAupuI|g
el ol ol  exI‘el‘l  osl'sl s3se] Jo ON (83503 g6} (3522 74)
2510}y sussasdold
£ u 9 SE% P88 A35q0 074
o qel's  WI'T W'Y w7 eb a0 s9587) JO ON ma:uE
a3uey) oN
o G 1 214l 81772 BI9E lEEF FSF AL3sqQ oY
Zdeaaqy, uupo u3d 50j3g

Fderyy Beag BV

207 I Puk A1uoMy, ‘U3 210[9q IAWIKDLL, PEE] S0 KiomL
nusneg g-NITTIINAd YILIY AHOULY DLLIO JO ISUN0D
1 47AVL



1235)

36 patients optic atrophy remained stationary (no unfavorable
progress) 1n 27 The period of observation after pemeitlin treat-
ment of the twenty seven patients ranged from a few months
{5 recently treated patients) to a maximum of 48 months Optic
atrophy became worse (unfavorable progress) i 9 The period
of observation after pemieilin treatment of these 9 patients
ranged from 1 to 4 years for 8 patients and 3 months for 1 pa-
tient Of the 9 patients, 5 were 1ndustrally blind at onset of pen-
tlln treatment and 6 were retreated with pemicitin at first
endence of unfavorable progress Six patients became blind, 3
of these patients however, were industrially blind at time of
pemicillin treatment and 4 were retreated Despite retreatment
blndness ensued Blindness occurred m from 8 to 24 months after
the first pemicallin treatment

The optic atrophy of 7 of the 49 patients was stationary at
Ui of penicillin treatment The disease remaned stationary n
all of the 7 patients The periods of observation ranged from 25
to 48 months except for 1 patient 1t was 1 month

Of the 49 patients treated with peniaillin, 27 patients were
ndustrially blind (visual acuity of 6/60 or less in both eyes)
when first seen and at time of pemetllin treatment Of these 27
patients the optic atrophy remained stationary 1n 17 for a period
of ebservation ranging from a few months to 48 months, six pa
tients became worse and four became blhind, blindness ensued 1n
810 18 months after pemecillin

0Of the 49 pemeiilim treated patients, 20 were treated before
Instituting pemcillin therapy Of these 20 treated patients, four
had fever therapy, 3 induced by malaria and 1 by vaccines intra-
Yenously, and two had Swift Ellis treatment In addition chemo-
therapy was given and was also used 1n the remaimng number
of the treateq group Of the 20 treated patients the progress of
therr opie atrophy after pemeillin treatment was as follows

0 change m 14 became worse 1n 5, and became blind 1n 1

Of the 49 patients 25 had no treatment prior to pemciilin
Of these 25 patients the progress of their optic atrophy after
Pemeilln was as follows No change in 14, became worse 1 5
#8d beeame blind 1n 5

The aforegoing results of pemcillin therapy I regard as ‘e‘n-
turaging T would hesitate to draw until p
treated patients are observed for a longer period and comparison

Mage lin treated patients

For p::-;}:)::’;fpf}:lf llnmnarlscl’h 400 case records of patients ; -
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quent to treatment, pemicillin alone 13 equal 1n effectivenéss lo
therapeutic malaria

5 Penicillin 1s not the 1deal drug for the treatment of syplu
litic primary optic atrophy and, like fever therapy, fails to stop
the process in a certain number of patients The decision a8 to
whether penicillin will be an adequate substitute for theraper
tic malara 1n this disease awaits a longer period of post freat
ment observation of a larger group of patients If 1t does prove
to be as effective as fever therapy, 1t will offer a form of therapy
that 1s much less hazardous to the patient

REFERENCES
1 Moore J E Hahn R D Woods A C and Sloap . The Treatment
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SIXTY CASES OF PRIMARY OPTIC ATROPHY CRITI
CALLY STUDIED FROM THE STANDPOINT OF
DIAGNOSIS AND THERAPY*

By
Wilham O La Motte, Jr,

wnth the colluboration of John H Stokes, Herman Beermat
Norman R Ingrakam, Jr, Mortuner S Folk, George D
Gammon Paul Gyorgy, Elzabeth K Rose, and Joht w
Lentz and the technical assistance of Verna Mayer Sttt

Emily Stannard Jane Barbara Teylor, and Mildred F
Walls *+

* The work described n_this paper was done under a grant {rom w
Pescarch Grants Divisson of the Navional Insttate of Health m €ont ™%
ton of @ contract recommended by the Commuttes on ed cal RERCL
between the Office of S R, and Devel ¢ and the U
sty of Pennsylvania i

r
* This investigation slso was assisted by contributions from the o
Wood Fund and the Kirby BMcCarthy Fund

4
_.*" From the Institute for the Study of Venereal Disease Unmi7ers t'.:d
= ealth Service coopersblE fh,
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and the Philadelphls US4
and Pennsylvama Hospitals and the Children's Hospital are TePres
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{S T;!ff pellents reported upon here are from the Peniulhn-
Wb ilis group at the Unmivermity of Pennsylvama Al are neuro«
; !ﬂig rallmc:a, all have received peniaillin systernically as the major
)ynorxz’ elthough many of course had various grades of therapy
Lt ptemcxllm These patients have been studied from the
- i mﬂ of primary optic atrophy and the results of pemi-
fl 2py The clear-cut and resounding title of the report

'5*}“’“1‘3 be modified {n several wa hall )
1 shontd apyre ys as we shall presently see,
tered ¥ some suggestion of the difficulbies encoun-
b Stoke:n aualysis of this nature The title, by the way, 18
o e rt' not mine It might also be added that the reluctance
ia a1 ai"d‘h of the aphthalmology side of the Panel to speak out
‘ofDr 4 km fime has been overcoms by the very persuasiveness
s g °;5: who feels,  believe, that after four years of silence
vect of the stady should be gven voice 1f only to prove

s exy
o :’z‘nce That very httle else i3 proven will shortly become

0t
2 fom-u;,: 537 cases of all types of neurosyphils studied during
o Ptxmaat period, 100 cases were given a working dagnosis
2nd 0pht;};1§gt;:oatmphy following visual acuity, visual field,
me examinations (Tal -
Pered to these 100 cases? ns (Table 1) What hag hap

m?;?trlrsge ated follow up examimation and evaluation 29 of the

e pruma cases have been shown defimtely not ta have sypht

uh probab? aptic atrophy, and 23 are still carried as uncertam

only gg y not POA, a total of 52 thus being excluded, leaving
cases in which the diagnosis 1s without guestion

The findings in the 29 cases definmitely excluded have been

it
“lamed py 5 varety of conditions {Table 2)

TABLE i
GENERAL SURVEY op PATIENTS
Total nurmber of neurosvphilis patients 637
Of which dizguosts of POA made on 100
Of these we excluded from study 52
Becguse
Definitely not POA 29
Probably not POA 28 “

Leaving as defimite cases of POA only



year of treatment, the other five having remained the same for
2.4 years, four of which however having been 1n the same stable
category several years prior to penicillin

We are thus reduced to 31 cases of POA who had enough
remaimng useful vision at the start to permut therapeutic evalu
ation 1t 18 mamfestly fruitless to attempt a statistical study of
31 cases followed for from 6 months to 4 years, so that com
panison With other forms of therapy or with other published
sertes 15 lmpossible A statement of facts 1n connection with
these cases will hence be concluded by some very himited 1
pressions

Table 6 shows the duration of follow-up post-pemcillin of the
10 eases considered worse and the 21 cases considered stable

TABLE 6
Durat on of Follow Up Post Penaillin of 31 Cases of POA
Moaths Stable Worse | Total
612 2 0 2
b
12 24 7 3 10
L —
24-36 8 4 12
b
3648 4 3 7
‘Totals 21 10 3

There 15 no great discrepancy evident between the two cate
gories as compared with the total, although 1t might be agree!
that the cases considered worse are weighted shghtly on the long
follow up side Yet an almost equal portion of the stable cases
1s on the long end of the follow-up This 18 one of the many
questions requiring further time

Table 7 shows an analysis of the 10 cases which have becom®
worse following penicillin therapy

The first striking fact is that 8 of the 10 had vision less tha?
10/200 1n the one eye before treatment, one other having y13100
1n the bad eye reduced o 20/200 Only one ease (876) hed
findings limited to dise pallor and field changes Thus the M3
Jonity of the cases which have grown worse were moderately
advanced prior to pemeilin The first six cases are worse b
further acuity loss, the last four having maintained their acurty
but lost field Only two eyes were completely blind before, 8%
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TABLE 7
Ten Cases Wone Post Pemaltin
Vit on Before Months Since Vinon After
Cuseho Pemallin
on os oD os
3 20/70 LP 33 LP Tiad
—_
979 3200 | 20740 17 37200 CF
_—
[ 0/200 | 20/% 31 Bl ad 207°0
—_
1
20/70 | Blnd 34 3260 | Bird
£ LP 20/50 12 Bind | 15/2¢0
1
— 207200 | 37200 47 6/200 3/200
6
— 015 | 20018 2 20/15 20/15
12
M| HM | 2000 4 | 20200
l\o HAL ] 207100 42 Bhind 20,100
46 %0/°0 | Bind 28 20/30 Blind
—_—
after Althoy

gh 8 ey es were Moore-Woods blind before, 13 were
after Four e

2 ases are now Moore-Woods blind 1n both eyes Yet
m‘f::S well advanced at the start have not lost further central
How do these observations contrast with the stable group?
(Table 3
Twelve gyt of 21 stable cases were Moore-Woods blind ‘PY‘:
lz’i“::ﬂélln compared with 8 out of 10 worse cases Seven of 1!
al

8 the average duration of SYmptoms where present bet‘;‘ﬂw
e two groups, and the Proportion of patients considered £0

TABLE g

Comparsson of 3 Stable and 10 Worse Cases
t\’/

/!

i

gmrtn c n(n vson onecyelen g, 10/209 12 17"
imptom  frec

Inadlquate previous therapy 3

Durauon of syraptoms Where pree,, (zvtugt) 6y
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after pemcilhin admmstration Three of these patients who
were not 1n cardiac failure at the time of treatment are still
compensated and are receiving digitalis  One patient who was
not decompensated at the time of treatment went into cardiac
failure four months afterwards and 1s on a rigorous cardiac
regime at the present time The fifth patient, in cardiac failure
prior to treatment, has since required hospitalization due to hm
ited cardiac reserve

Among the twenty five cases of aortic regurgitation, five
have died and twenty survive Of the five deaths four certamly
and one probably died a cardiac death These deaths occurred
from between 21 and 932 days after the admimstration of pent
cilin One 1n cardiac failure before pemcillin survived 50 days,
two others decompensated shortly before the time of death

The twenty survivors have been followed for from 158 to
1243 days (mean 567 days) Of these fifteen never in cardiac
failure before penicillin are still not decompensated Only two
of these are recerving digitalis Of the five who were decom
pensated prior to pemcilin two are still in failure (invahds)
on good medical cardiac regimes The other three are not now
decompensated but one 13 blind due to syphilitic primary optic
atrophy, and the other 1s permanently hospitahzed due to 8
cerebral vascular aceident  Had these last patients not had these
concurrent restricting conditions they mght well have become
cardiac mvalids All are receiving digitalis and the usual car
diac management

No conclusions can be drawn at this time concermng the
eventual outcome of patients with cardiovascular syphilis to
whom penicillin has been administered The periods of observa
tion after treatment are all less than four years The number
of patients with aneurysms 1s too small to be of statistical value
Of the patients with aortic regurgitation who were 1n cardac
failure prior to treatment no significant improvement 1n cardiac
status was observed 4s a result of the admimstration of penf
allin It would appear as though the natural course of the dis
ease at least for the first four years s not greatly affected by
the admimstration of pemerllin
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TREATMENT OF INFANTILE CONGENITAL SYPHILIS

RESULTS oF AQUEOUS PENICILLIN ALONE IN 60 INFANTS
FOLLOWED FOR AN AVERAGE OF Tw0 YEARS AFTER TREATMENT®

By
Elizabeth, Kk Rose, Paul Gyorgy, and
Norman R. Ingraham, Jr,

with the collaboration of John H Stokes, John W, Lentz,
Virgene § Wammock, O M Carrozzine, and Herman Beer-
man, end the techncal asmstance of Emaly Stannard, Verns
Mayer Stewn, Jane Barbare Taylor, and Mildred F. Wills **

In the treatment of the nfant with congemtal syphills, geo-
:““ experience to date hag proved pemcillm the most satisfac-
ory therapeutic agent Long term follow up reports, however,
have been lacking and it 1s for this reason, therefore, that our
study based on 60 infantst followed over an average of two
{enrs 13 presented Previously, seemingly adequate antiiuetic
herapy m mfancy has been followed by late relapses, the de-
velopment of Juvenile paresis or nterstitral keratitis

A previous report? discusses Selection of cases, dosages,
reactions, complieations, deaths, and immediate response t0

* The work dy from the
sseribed sn this paper was done under a grant £r0
{*feareh Grants Division of the National Institute of Heslth n contimi?
£ af 3 contract recomemended by the Commttee on Medical Retetel, 52
fmeen the Offies of Se entafic Retearch and Development and the Umve

7 of Venereal Discase University of
e Health Service coapershin 277
Unversity Hospital  The, ISHtEes

la

ral

i

e
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TABLE 1

INTRAMUSCULAR PENICILLIN ALONE
IN INFANTILE CONGENITAL SYPHILIS

Age at Onset of Treatment and Mortality

Age Total Number Number Per Cent
Treated Dead  Mortalty
Under 3 months 33 6 182
From 3 to 6 months - — 10 1 100
From 6 to 12 months w. B 0 [3
From 12to 24 months e § 0 0
Over 24 months - - 2 [ 0
ToTAL 56 7 127

treatment This report concerns itself more with long term
observation to see whether or not there may occur chnical or
serological relapses m spite of mmtial chimeal 1mprovement —
or whether or not any other complications or sequelae of con
pental sy philis may occur

Table I shows an anntlysis of the age at onset of therapy
m the 50 patients treated with intramuscular pemcilin alone
Tne other patients recetving pemeiin by mouth will be men
tioned subsequently No previous antiluetic treatment had been
given except in 2 of the 60 children In both instances 1t was
considered too nndequate to have mfluenced the results mn our
sudy No patient was accepted for treatment without a positise
cerologic test for syphlis and 1n addition either dermatologic
or roentgenographic evidence of the disease Aqueous pemcillin
of known brand and lot number was given mtrimuscularly every
2 hours m periods v arying from 7 to 16 days Dosage 1 ried 83
evperlence grew  During the earlier part of the study about
11000 20 000 umts per pound (5000 9090 umts per kilo) of
body v eight for the total dose was employed This was grady
alls increased to 200 000 units per pound (90 909 umts per kilo)
of body weight given over a period of 15 days 1n equal doses
every 3 hours

In none of the seven deaths discussed fully in our previous
teport  was it felt that the pemicillin therapy was related to the
outcome Two died later at home of other causes after rarhed
chnienl 1mprovement mn their syphiis The other five were 2!
very srall debihtated infants who probably never would haé
irved to have been mncluded 1n the study had supportive treatment
without pemeilbn been wnugurated first In every case treat
mert was begun immedately as soon as the diagnostie critera
were satisfied
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TABLE II

INTRAMUSCULAR PENICILLIN ALONE IN INFANTILE
CONGENITAL SYPHILIS

Various Dosages Used

Aomber of Patients Dossge—Units per Per
Pound Body We ght hilo
8 Up ta 40 000 Less then 18000
" 40000 80000 18000 36000
1 50000 200 000 3600090000
Over 200000 More than 90 000
55

Table IT shows the number of patients on the various dosages

Follow up on our treated patients imncluded regular visits at
®hehtme were noted serologic titers physical expmination and
moentgen examination of the bones if previous abnormalities
€usted Yearly examination of cerebrospinal fld w18 planned
c1§°a‘§mge length of the period of observation 1s two veurs
; ‘0 the 53 surviving patients —only one ptient having been
™ 0 folln up The <hortest follow up periods were 59 8o
Tamnem}&% days the longest 1330 1343 1362 and 1432 day<
ot shos the duration of observation Our plan 18 to
e : vearly examinations of these children with especial
e con t;) therr serologic titers growth spnal fluid and pos
re mplieations such as imterstitial keratitis or juvenile pa

s In the seroresistant cases

v TABLE 111

NCILLIN ALONE IN INFANTILE CONGENITAL S3PHILIS

A Durat on of Observation

ober ;’E Patients Period of Observat on
19 Under year
i Between 1 nnd 2 years
10 Between £ and 3 years
1 QOver 3 years
7 Tost to Follow up
s Died

Tone gy

theR:S Ponse to therapy 1s shown mn Table TV with relation to
H szf:hjt onset of treatment In thus group of ¢ -
a of age there were 33 infants of whom 27

o
yeiuha‘e been followed All are chmcally well
wly ooy Seronegative One anfant sbll under o

tke ¢, [D days since onset of treatment 1s still  «
Her 1s dechming  None has relapsed Sero .
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TABLE 1V

INTRAMUSCULAR PENICILLIN ALONE IN
INFANTILE CONGENITAL SYPHILIS

Outeome Analyzed as to Aze at Which Treatment was Started 1 5§ Pat ents
Followed an Average of Two Years

Climcally
Total Number | well, sero-
Age at Onset of | Number | Number | Number A or [No Change

Therapy | Treated | Dead | Liing | Cured | declning
{Seroneg ) titer

Under 3mo . 33 6 27 27 [ 0
36MO wmre e 10 1 9 5 3 Tlost
6-12 mo. - 0 5 2 3 0

1224 mo - s 0 5 3 [] 2

Qver24mo _. 2 0 2 0 1 1

TOTAL 55 7 48 37 7 4

*Retreated at 177 days  Darkfield positive  Seronegative 2891432 days

formly fell and on an average of all patients were seronegative
and remaned so from 198 dayson This figure might have been
less had regular monthly titers been obtainable on all patients,
but this difficulty mn regular follow-up 1s common to all such
studies The rate of the fall n titer seemed to bear no relation
to the amount of pemicillin used, as the total dosages m this
group varled from 11,000 to 180,000 umts per pound (5,000 0
81,800 umts per kilo) of body weight

In the next older group of 9 infants (between 3 and 6 months
of age at onset of treatment) 3 have become and remained sero-
negative at 135, 850, and 365 days Another was seropositive
at 83 days but when next seen at 689 days had become seronegs
twve Another, Case No 58, treated at 16 weeks with 18,000 umts
per pound (8,000 per kilo) was re treated at 177 days whel
he showed 2 positive darkfield relapse, became seronegative at
289 days and has remamed consistently so through 1432 day?
Three others are chnically well, yet two are still seropositive
at 85 days and the other doubtfu] at 414 days One was lost to
follow-up Here agamn the chinieal response seemed unrelated 10
the amount of pemicillin used,—the dosages ranging from 18,000
£0 180,000 units per pound (8,000-81,000 per Xilo) of body weight:

Inthe § infants between 6 and 12 months of age all responde
well climeally, but 3 are stil showing decliming titers—4 Klin?
units at 106 and 208 days respectively 1n 2, the third showing
a doubtful reaction at 612 days Interestingly enough this Jast
patient, S M No 900, received the largest dose of any of ouf



(261]

‘TABLE V

INTRAMUSCULAR PENICILLIN ALONE IN INFANTILE
CONGENITAL SYPHILIS

Cliaseally Welt, Stll Seropositine

Dosage of
Coe | Agear | Pemoin
Moo | Onserof | Untts per Comment
Treatment [ Pound Body
| Weght
P8 | gm0 | 150000 | Sttt 256 Khine uats st 85 days
(80 Oog'llmls
!
8815 mo | 000 | Declinng doubtful at 464 day
S| Shimo | 150000 | € rarea oL U ,eved e
1 g mo | 45y,18¢
WL T mo | 150’000 ' .
819 mof 20 . _ .
% 116 mo | 40000 . . ine
6 118 o | 200 000 T . ine
0 m 20 000 . . . {7,4
4
12 yu | 7000 [ Ded mng, 64 Rline umts at 538 days
\\—-W

ahents, 455,000 unuts per pound (207,000 perkalo), This dosage
o Shosen ta see what, 1 any, effect st might have on the marked
[nd extensive osseous lestons ‘This phase of our study wsll be
*85sed 1 a subsequent report
\’A the 5 infants between 12 and 24 months of age all are
eally well, but vary m serologic responses Only 2 are sero-
Sine—one at 314 days and another at 955 days, but only
her being e treated at 386 days Another showed a declining
nl 13689 days, when he was lost to follow-up Another shows
e henge 1 titer yet receved his treatment of 200,000 units
‘" Pound (90,000 umts per kilo) of bady weight only 92 dazs
dougd Tother infant, after mitially recewving 40,000 umits e};ﬂr
) (18000 umits Ber lalo) and still showmg 256 K zero-
ch shits, 13 now being re-treated at 520 days Of the 21 %
hh 2 vears of age, hoth are well, but still seropositive ogg
“l\zged # dechming titer 538 days after having received f681;0dy
" o pemaillin per pound (30,900 umts per kilo) Iod o
“Eurbt The other was re treated 215 days after anmtial do 2z
o0 units per pound (9,000 umits per kilo) because fier
T shill showed 128 Khine umts She has since movel

-



TABLE Vi
PENICILLIN ALONE IN INFANTILE CONGENITAL SYPHILIS
Pen ¢ 1l n By Mouth~—Five Cases

Case Ageat | Dosagen
Na Onset of Mill'on Commeat
Therapy. Umts
473 120 wis 13 $t 11256 a1 385 days when reereated wath 1 2l
neg at 821 days
474 118 wlhs 15 -
475 714 wls 13 -
509 127 wis 25
592 = yrs 225

North Carolina where a positive serologic test was reporied at
474 days

In the 16 patients in whom repeated examnations of the cere-
brospinal flutd have been obtamed, no abnormalties have been
noted These patients all had satisfactory serologic and chngeal
responses

An attempt was made to study the effects of penteillin giver
by mouth Five infants were treated A buffered preparation of
calcium pemcillin was used 1n dosages varying from 15 to 25
mullion units  Tablets of 12,500 units were given every 3 hovrs
No untoward effects were noted except loose stools occasionally
in the younger infants Results are noted i Table VI Here
agam 1t 18 noted that the best results were obtaned m the
younger mfants

DIscussioN

It would seem then that one mght expect good climical re-
sponse to congenital infantile syphilis treated with mntramus-
cular penscillin within a fairly wide dosage range Perhaps the
most important factor favoring good response 1s the age of the
patient 1t the onset of treatment —the younger the pahert th
better the outcome The fact that there was not a sigle bres
ment failure in the surviving infants, treated under the 8¢ of
three months 15 particularly notew orthy This 1s in accord with
observations i the experimental animals and in the adult—tht
syphilis 1s very amenable to treatment in its imtial sERE®®
Although climical 1mprovement 15 an almost umform respon®
n all ages, yet the fall 1n serologie titer becomes mm—easmﬂ(y
less prompt and persistent i the older infants Pemciin %3
thought to have no relationship to the cause of death 1 9F
infants  This has been previously reported*
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The long term follow-up study here presented seems to bear
out the previous 1mpression showing the remarkable superiority
of pemeillin treatment congemital infantile syphlis over all
other previous therapeutic sch , and r dations,~—mnot
onls with regard to the safety and relatively short duration of
ferapy but als 1p respect to the lack of chinical and serologic
tlapes There 15 no wndieation that various penieillin prepara-
ons (amorphous or crystalline) behaved differently

SUMMARY

8ixty 1nfantg with congemital syphilis have been treated with
semelllin ang followed for periods up to three years

Of the 53 hving patients, only 1 has been lost to follow-up

Of the 48 living patients treated with mtramuscular peni-
llm 37 aye 2pparently cured (chimcally well and seronegative) ,
Tare chnyeally v, i) but still seropositive, though titer dechming,

S 1o change wn iter, Two of the latter have recently been
te treateq

Fve Patients were treated with pemeilhn by mouth —4 -
Jants responding satisfactoraly, one older child of 2-1/3 years
Vell, byt Seropositive after re-treatment

The age of the patient at the onset of treatment rather than
e dogage, 1¥pe or means of administration of pemeillin, seemed

the chuef factor 1n determiing satisfactory response, cures
aDpruachmg 100 per cent 1f treatment 15 commenced before the

T monthy of 1yte The amounts of intramuscular penicalin
ted from 20,000 to 200,000 wmts per pound (9 000-99,000
Pir hilo) of body weight Even 1n tlus relatively small group }?f
:;I’Etxents studied over prolonged periods up to three years, the

*0ee of serqloge relapse, except in the one case cited, should
emphasizeq

RETERENCES
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THE NECESSITY FOR TREATMENT OF PREGNANT
SYPHILITIC WOMEN DURING EVERY PREGNANCY*

By
Mary Stewart Goodwn, and Mary Streeter Farber, Baltimore

The prevention of prenatal syphilis by treatment of the mn-
fected mother during pregnancy 1s one of the major public
health triumphs of medicine The results in terms of normal
living infants, already fairly satisfactory with arsemic and bis-
muth metal chemotherapy, have been still further improved
upon by penicillin, which 1s spectacularly and nearly completely
successful 1n protection of the fetust

All workers 1n this field have, however, been plagued by the
question —13 it necessary to treat a syphihitic woman during
every pregnancy? The literature m ths country and abroad
contains the repeated recommendation that the syphilitic mother
should be given “adequate” treatment** in every pregnancy,
with only a few guarded suggestions that a less conservative
policy might eventually be adopted

Cole and his co authors of the Cooperative Climeal Group?
reported that 1 a group of 52 syphilitic women considered
“cured ” no syphilitic child resulted from subsequent pregnan
ctes during which no treatment was given Nevertheless, they
consider the syphihitic mother a “potential reservorr of infection
for the fetus she carries even though she can no longer transmit
the disease to others”, and recommend unequivocally the repe-
tition of treatment in each pregnancy Stokess advocates the
treatment of the syplihitic woman “through every pregnancy
regardless of the duration of her nfection, her serologic status
or the amount and type of antecedent therapy”, but adds the

* From the Johns Hopkins Universit Jth

y and Umted States Public Heal

Scr;nce Venereal Disease Research and Post Grsdugle Tramnng Center
¥ This mvestigation was aided by prants from the Carolina Rose Strats!
Foundation Menroe La the Maryland State Board of Health and e

s AN hips Dy a
United States Publie Health Sernea'V12ien National Institute of He ;
e word ' adequate applied to antisyphilitic th is abused 21
overworked As empl 4 erapy, is 5
for protection of the }{fg!"\ this paper 1t is intended to mean adequst
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comztenf that some modification of this position may be possible
whet reports are available of an extensive series of mothers
dincally “cured * of the disease who have gone through subse- c
@ent pregnancies untrented
43 late 25 1941, Moores stipulated that retreatment of a pre-
ously treated mother may be safely omitted “1f the mother’s
ifection i3 of more than 10 years’ duration; 1if previous
treament has been adequate to perrmt the probation of the
zither, and espectally 1f several uneventful and seronega-
e jears have passed since the termination of treatment;
=4 1f one or more preceding pregnancies during which the
other hag been allowed to go untreated, have resulted 1n hving
tidren known to be non-syphiliic” He felt that if at least
0 af these four critersa could ot be satisRed, “4t 18 safer
to breat (1o mother during the pregnancy m question, n spite
iheact that her own blood tests may be repeatedly negative”
£ &reed with McKelvey and Turner® that thorough treatment
o4 the materng} syphilis prior to pregnancy probably affords
Yepuste protection of the offspring 1n subsequent pregnancies
%21 though treatment during pregnancy 15 omutted, but advised
82! the magernal serologic test remaing posiive, or 1f there
h thnlea) evidence of persistent infection, the mother shuuk;
® treated durng every pregnancy regardless of the amount o
Penious treatment
few small groups of syphilitic women untreated durmg 2

Ve Pregnancy have been reported 1n the last 20 years ”ern
U noted 21 such women, considered clmically “cured:” Who
: 2 34 subsequent pregnancies without further treatment, ;n
%31 non syphlitye chldren 1n all cases Rattner” rep(‘l Lt
“!uch DPatients, and Findlay®, on the bams of his persona cat-
“Uotumented experience with “adequate” antisyphibtic “o -l
Rent, felt that 1t wag not necessary to follow the usual rec
*2dation of retreatment through all pregnancies Ltance of
h CCause of the individual and public health 1mp® 1039
© Doblem, a planned study was 1 “ﬂde’wke';‘“;pltal
5 the Famyly Syphilis Clinic of the Johns Hopkins :e ous
Uected syphintie mothers, treated before or during & B wore
s“""“%’, were deliberately allowed to go through D:e od the
bsequent pregnancies without additional treatme“)
"ants born of these later Pregnancies were carefully
4 studed to detersune the presence or absence ©
Mlection 1n them H

owed
fal}l" bt
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METHODS AND MATERIALS
The original eriteria for admission of & woman to the study
were —(1) 2 reasonably accurats history or, if a defimte his-

} tory was lacking, a reasonable presumption (on the basi of

e

collateral evidence) of maternal infectron of at least two years'
duration prior to the pregnancy 1n which she was tb be delib-
erately untreated; (2) for w hich she had completed “adequate”
treatment® prior to the pregnancy under observation, (3) nega-
five maternal blood serologic tests for syphihs (subsequently
abbreviated STS) before and during the current pregnancy,
(4) normal maternal spinal fluid test; (5) no evidence of actine
maternal infection on physical examnation; and (6) at least
one previously suceessful pregnancy (not necessarily occurring
after the previous treatment) When an appreciable number of
women had been obscrved without an infantile failure, these
eriteria were relaxed to include some women whose nfections
were of less than 2 years’ duration at the time of the pregnancy
in which treatment was to be omutted, provided “adequate”
treatment had been completed prior to the onset of this preg-
nancy, some whose blood serologic tests were still positive in
spite of previous treatment, 1f physical evidence of active nfec-
tion was lacking, some (98 1n number) who did not have spmal
flmd examinations, and a few (12 cases) with abnormal but
mactive spinal fluds (in the Dattner-Thomas sense of normsl
cell count and protein content)

All mothers 1n the sertes had quantitative STS and physxcal
examinations at monthly intervals throughout the pregnancies
durning which treatment was omitted This was considered {0
be essential 1n order to detect at once any evidence of reactiva-
tion of the original maternal infection or signs of reinfection
That the latter 13 a real hazard 15 indicated by the frequency
with which 1nfectious syphilis 1s encountered late 1n pregnancy
m our Baltimore clime population If serologic or chinteal relapse
or reinfection was detected, the woman was promptly retreated
and dropped from the study

All infants were followed with serial serologic and physical
examinations, and where possible with serial roentgenograms

*In thia group of patients, previous ‘adequate’ treatment was arbf
tranly defined as 2040 gm or more of arsphenamine, 1€, 6 12 of more
injections of this drug (or equivalent dosage with other arsenical drug®
plus concomitant bismuth or mercury, whether given before, during, ©
after a previous pregnancy See below for further discussion of this point
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andag fo well established procedure for the diagnosis of
fuble eongenita) syphilys®.,
Tie group avaflable fop analysis now contams 385 women,
Wog whom the Drevious frestment administered was metal
Yorlierspy (arsenve ang bismuth or mercury) in 363, peni-
;zp'i‘”w These two forms of treatment will be considered
¥

EIuts aerer Previous Meran CreMorieRaPY
. > ETOUP of 363 mothers 1nclude 331 Negro and 32 white
Men. There ages, at the time of the omginal diagnosis of
;v s 1 themselves, vayed from 3 months to 40 years The
Ry (212) were first recognized as syphilitic between the
Mot ang 30 years
"m)t?es of materna) syphihs diagnosed at the time of
natgn *eatment are indicated 1m Table I, together with the
W‘\t\)zf Maternal infection at the tume of the pregnancy
"L infe ctment was to be witbheld Only 26 mothers had
R ogey, fed far less than 2 years when the pregnancy 1n ques~
"¢ These were women admitted late in the study,
4 congy ¥philis when first seen, promptly received “ade-
fiom of t; taus therapy, became seranegative before the com-
leally IL’ treatment, and remaimed both seronegative and
quwfl throughout the observed pregnaney
S demg £1%y and Turner'st earlier study from this clim, 1t
i ebrated that of 59 mothers who recerved more thah
g pr(u fMections) of arsphenamine prior to but noze
Wean ;mangy, not one had a syphilitic baby The nterval
Ty ya,,eaeme“‘ and the occurrence of pregnancy in these
Wed l))§ from a week to several years Their study also
"\ena;, 9f 19 women who recerved more than 4 grams o§
Aney ne diring a pregnancy, the offspring were all norma!
ur :tughmhc These results guided s in admitting women

i hagd
for gy s

il:g *ated 1n Table 11, 332 women had recerved more tha;x‘
nmu;!l’sphenzu'nme (or arsemical equivalent) plus bls;]nu; A
thag ¥ Brior to the onset of the observed pregnancy Eig
Py ceived 24 gm , with sahisfactory clmical and setel;
*\:g};!mnse to treatment and seronegativity sustamtel
s th“ the observed pregnancy Three women had a total
ot th 8m of arsphenamine prior to treatment 1o as
Wy g, oo last patients was a 81 year old Negress W O as
?have early latent syphilis 1n 1937 She received 5 dos
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of mapharsen and 3 of arsphenamine, followed by a blood d,
crasia attributed to arsenic. During her seventh pregnancy
1938 she received 33 doses of bismuth before the pregnal
terminated successfully in the delivery of non-syphilitic trip!
who have remammed well for 8 years. The mother’s serolo
test and cerebrospinal flurd were both negative at the end of t,
pregnancy. Subsequently she has been observed through th_

‘TABLE 1 N
‘The Stage and Duration of Syphihitic Infection m Mothers Previousty 'I'rmedi
but Untreated Dusing S P,
Diagnosis at !
Onset of Treatment Number of Duration of Infection at the Time of
For Syphilis Patients QObservation for Untreated Pregnancy
NN
Less than More thae
2 years 25 years Syean
P,
Prmary syphilis % 2% 43 #®
Secondary syphihs 21
e
Early latent 44 2 2
A
Late latent 1t 76 s
ISR
Asymptomatic CNS| 9 9
—
Late asymptomatic 8 8
e
Congenital 3 #
S
Unclassified 28 28 A
l_
TABLL 11

Maternal Treatment Prior to Pregnancy 1n Which no Treatment was Given 168
Maternal TS at Time of Untreated Pregnancy

Amount of maternal treatment prior Number | Maternal blood serologic tests ®
2o pregnancies during which no treat o cnset of observed pregnancy’
ment was given Payents ]
Neganve | Doubtful |_Tosutt
More than 4 gma 332
24 gms I3 267 3 e
Uncertain but conndered “adequate” | 10
Less than 2 gms 3
- L
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:::11;1111 l";eﬂ'"ﬂnmes during which antisyphilitic treatment
Ddf?m ;Fhe offspring of these three pregnancies have
» <econd of evidences of syphilis
el et who recened * inndequate” treatment for
ﬁry 'yphelmon was a 21 year old Negress found to have
b, s’hls 11930 After 7 doses of arsphenamine and
I regatn e x;;fused further treatment but became sero-
remamed icgaff‘: l:;°°d and cerebrospinal fluid serologic
f{;)EJrs later uring the successful pregnancy ob-
? a
vhen lgl:fdtlzc inadequately ’ treated patients was 21 years
tedonly 6§ doi:ms of late latent syphilis was made, and
Ieamed serolz of arsemic before discontinmng treatment
Tanties § and gically negatnve throughout two obseried
ul nd 11 years later, and her children were both

Tese 363
o ég“m':’ekum treated women haie been observed
d The rf:lﬂtnmes during which maternal trestment was
11 Thers s of these 570 pregmancies are outhned m
bsang pg abe were 523 Ine births (91 6 per cent), 22 still-
Lhirth patq O:h;’"s (a fetal mortality of 8 4 per cent) This
Whilitre pr;me“ than the normally expected figure for
of eon gnart women Pathologic examinations of the
ception were made on 8 of the abortions and 12

Oncome i ‘TABLE 11T
of Preg,
fegnanc es of \fothers Untreated Dur ng Ovsersed Pregnancy

| Per od of observat on
v Ser al x rays

. of long,
bones * All
negat ve

Not]| 2 |24 [+-12]tyr

seen|mos |mos |mos —

a| 3|57
i

S e

.
O
' 10 py,
¢ .
vr ““=ﬁlx:x":hz‘, lllhsﬂ:mhnu had ser al 1 ray exam nat ons beeause of the

-
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of mapharsen and 3 of arsphenamune followed by 2 blood
crasia attributed to arsemic During her seventh pregpanc
1938 she recerved 33 doses of bismuth before the pregn
terminated successfully 1n the delnery of non-syphilitic tri
who have remaimned well for 8 years The mothers serc!
test and cerebrospinal fluid were both negative at the end of
pregnancy  Subsequently she has been obseried through 1)

TABLE I

The Stage and Durat on of Syph 1t ¢ Infect or n VMothers Prev ously Treated
but Untreated Dur ng Subsequent Pregnanc es

D agnos s at
Onset of Treatment | Number of Durat on of Infect on at the T'me ol
For Syphls Pat ents Observat on for Untreated Pre nancy
Less than More thy
2 years 23 years § yeart
Prmary syphls 94 2 4 #
I,
Secondary syph 1s 2
I
Eatly latent 44 2 42
Late latent m 7 3
—
Asymptomat ¢ CNS| g 9
e
Late asymptomat ¢ 8 8
-
Congen tal 3 #
oo
Unelass fied 28 28
TABLE IT

Maternal Treatraent Pror to Pregnancy n Wh ch no Trestment wat G ven 33/
Maternal STS at [ me of Untreated Pregnancy

Amount of maternal treatment pror | Number | Maternal blood serolog ¢ teitt
to pregnanc es dur ng wh ch no treat of onset of observed pregnaney
ment was g vea Pat ents |-y >
Newat ve | Doubgfel {_Pot
More than 4 gms 132
24 gms 18 267 E L
Uncerta n but cons dered adequate 10
Less than 2 gms 3
Ll
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¥oort, J E The Modern Treatment of Syphilis (Second Edition),
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Mekdvey J L and Turner T B Syphilis and Pregnaney Analysis
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Enbews G Zur Heitbarkert der Syphilin und zur Verhltung der
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Mirer B Trestment of Syphils in Pregnancy by 6-Day Massive
Jedethod Am J Obst & Gymec 46 25550 1043

Pndlsy L The Treatment of O Syphil s
0y e Tre: of yphilis Pr
Thamas ¥ 17 Personal Communication See also Speiser M Flaum

§ Yoo Adums D Thomas E W Pencill n Therapy for Syphilis
“Pmaney Ven Dis Inform 29 108 1947

SULTS oF TREATMENT OF OVER ONE HUNDRED
CONTACTS OF PATIENTS WITH EARLY SYPHILIS
WITH A ' ONE DAY ABORTIVE CURE’

By

Lee 7 Alexander, and Arthur G Sehoch,
(Dallas, Texas)

:‘nr seral years since the advent of the intenswe therapy
mals Particularly pemicillm therapy, we have practiced
N Wvocated and urged the treating of the close repeater
+ mantal ang/or otherwise) who 15 found to be unin
;Hm’t‘muﬁaneuus]y with the infected partner mn order (s) to
& x e contact from developing clinieal syphilis, (b) to pre
Eln:ec:mn M the original case—putting an end, to some
Ping pong  syphilis
’Ee‘:]rder for the trea}g)nent to be practical and usmble,t ivwce
ref At 1t must be simple and at the same time cffec e
w7 Felt 2 one vastt treatment, 1f one could be {ol;
at op deal e Joneny that in order to prevent the devchu[:l
dire <himieal syphulg 1n the ‘uninfected contact we thnt
heggy Cmical gyphilis of variable duration We felt h 2
wy method of treatment might be deviaable since in these
ndy 4 °d be dealing with syphilis in its earlicst form
g . MeUbation stage We knew one-day penicillin rxklu
rany YPhibs gaye Poor results, and that one-day arseno e
3 towas nof Consequently, we decided to mnkcmmI
ely "bination of (he known good antisplrochetal s .
Pentellin arsenoxade and ofl solublo bismuth
s

w3
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TABLE I Tar ForMULA

Penieillin in o1l and beeswax, 900 000 umts in ane buttock
(Abbott s Calcium Penicilhin)
Bismuth Ethylcamphorate 3 cc (120 mg elemental bismuth)
in the other buttock
Arsenoxide 005 to 006 gm ntravenously

The time required for this treatment is approximately five mnutes

Only persons who had recent exposures were used m #
study Contact and source patients were cross-examined to mal
certain of the exposure And if the exposure to primary ar
secondary syphilis had occurred 2 or 3 months respectively pri
to the interview with the source patient, the contact was n
treated

One hundred and fifteen andividuals who were negative, cln
cally and serologically, but who had been exposed to patier
who had darkfield positive lesions, were given the abortive trea
ment Using the hife-table method of illustration one sees tt
number of patients per each observation period and the occlt
rence of “so-called failures’ During the entire observaio
period 6 patients developed early syphil ne, 14 months afte
one, 11 months after, three, 4 months after, and one, 2 mont}
after abortive treatment

TABLE 11
Abort ve Trearment of Un nfected Contacts of Pat ents W th Infect ous Syph1*
TREATED GROUP RESULTS OF FOLLOW UP

Per ods of Tz 15 T s 76 77 78 75 (30731 1.8
Observaton [ Rxed! Mo| Mo| Mo| Mo| Mo| Mol Mo| Mol Mo| Mol Mo Mo,

Pat ents Per
Perod

125 (108 Jios fos | 99 (93 [ss |72 | eo |48 (38 f20] 2.

Re nfect on I} 3 1 /_L

The six patients who developed infectious syphihs are show
mn Table III Column 1 1dentifies the cases Column 2 showa th
dates on which abortive treatment was given Column 3 sho®
the dates at which infectious lesions were found and the &P
of syphilis found Columns 4 and 5 show the results of the &'
demiological nvestigationy conducted with reference to ¢
incidence of chimeal syphilis (column 8) Column 6 shows th
results following treatment for climcal syphilis (column 8)

One hundred and thirty aninfected contacts were not treat
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TABLE 111
P01 B30 Developed Infectnye Syphat

Following Abortive Teeatrnent
N,

Qbervation
Resnf Epudemialagy Following
Rewnfection

R St SR Sonfven
112047 46733 11-2647 {Neg @ 1 mo
Neg Li L,

u
EMD "

Pickup ] “eg @ 10 mor
47-1051 Neg
42-2472 Neg
47-1671 8 M7 [ Neg @ S mos
Lu
Pickup w “eg (&2 mos
e |
1-20.43 m
Lu

w oy
GC Oct Coaperation
1947 poar
Seropes
I7;21-47 47 1702 82047 | Lost

o8 Ly Pos 11
A7-1704 Neg

47-1739 8-2547

Pos Ln

47 1446

6-11-47
\\RE‘E.L_‘_.,—__
i

,e;y éour {4159, remaned negative, and 75 (68 57%) devel-
"mical syphihig
. Discussion
fom ™ense value and necessity of treating umnfected coﬂt-
% 38 pr oous - Actual disease {30 far ag we are able to detect
e rented Ths n turn eliminates spread to others -
s t\zuestmn 38° How effectine is the abortive treatment .
fha gy Ye, at the worse, just under 100% Some mught argue
© 6 patients who showed chnleal gyphps after aborttv
ent ar actual farlures We like to thyn)e none of the™

TABLE IV Conrgor Crowp

Negatiog Negative TOTAL
and and

‘?:Mamed Became
ative Pontiye

(415e7) 76 (68.505) 3



s a fmlure Three certainly had been exposed fo nfectio
syphilis after they had been given abortive treatment; a four
patient acquired gonorrhea, received treatment for 1t, and thr
months later had secondary syphilis (this came 11 months aft
abortive treatment) Two patients named pickups We all kn¢
the pickup 1s a mighty fertile source of infection

One certainly cannot overlook these figures—In the untreat
group of 130 patients, 76 developed chinieal syphilis® In t
t1eated group of 115 patients, 6 developed syphilis

The abortive treatment 1s easy to admimster and 18 safe

/

LABORATORY DIAGNOSIS OF GRANULOMA INGUINAI
AND STUDIES ON THL CULTIVATION OF
THE DONOVAN BODY*

By
Robert B Dienst**

At the present time there are three procedures avalable

. substantiate the climeal diagnosis of granuloma mgumnale 0
procedure 1s to determine the presence of characteristic Donov
bodies in the diseased tissue either by statned tissue smears
by biopsy 12, another, to determine the presence of complem¢
fixing antibodies mn the serum of the patient’*s, and third,
determine skin reaction of the patient to an intradermal 1noc
lation of Donovan body antigen®¢ Of these tests, the examn
tion of stained smears 15 the most accurate and certamly 1
simplest Exudate from the infected tissue when properly tak
and properly stained demonstrates to an experienced examir
characteristic intracellular micro-orgamisms which are spec
for laboratory diagnosts of granuloma inguinale To our knot
edge, there 1s no other micro organmism with morphologic &
staining characteristics to confuse with Donovan bodies as s¢
1n the cytoplasm of the large mononuclear cells always associat
with exudate from lessons of granuloma ingumale Shde No

* Aided by & research grant from the Division of Research Grants 2
Fellowships National Institute of Health, Umted States Pubhc Hes
Service

**In collaboration with Robert B Greenblatt and H Chen st!
University of Georgra School of n!edm:g A:gu:{.a. gtz‘;?la
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'. i';l e m?rph"hglc and ntracy toplasmic charactensties of
- m:?:!n b;dxeg When the organisms are not numerous in the
slnd, ceh' large and well defined capsular materal )s demon-
:‘wph.;w en however, the organisms are overcrowded in the
4 tz.neimr} the capsules, though present, may not always be
Sustact m‘ie smears stamed with Wright's stain® are very
0 and ? 1 the dye 13 allowed to remam on the smear for
T, mne half minutes before beng diluted with distilled
Pfuze'd aedcapm“’ substance of Doncran bodies 2 deeply
‘ﬁdeesx emonstrated 1n Shide No 2 The mucro-organisms
Ply stained eapsules are more readsly seen by the exam-
n € presence of extracellular or . e Dontor
”mme: =:ould always be regarded as suspicious In examimng
e 1 final diagnosis should be made only when char-
¢ miracellular organisms are seen
m’;nxzakmg 2 labotatory 4 of granul ingminale,
Theary mg;essea with the importance of properly made tissue
Hecimen xge lesion should be thoroughly cleaned before the
28 obtamed Tissue smears taken from poorly selected
of mm“); 21v¢ a false negative result In typieal ¢linieal cases
fmomtta:m inguinale, one tissue smear 13 often sufficent 0
Y0 bog e the numerons and characteristic intracetlular Donro
28 but 1 atymeal, complicated and early Jesions sev eral

m
ﬁlre@m ma) be necessary before a positive specimen I8 ob-

& ‘;Zdzrslon n 1943 reported the cultivation of Donovan bodle:
h‘hex::: sac of chick embryc®? The orgamsm Was Sh{:v‘:s»
‘wor,hae antigemeally related to the diseased Several ;, oo
P Ve smce confirmed her reports on cujtnation ut: }?aw
ey - 1311 yolk of developing chick embryos?®* n Wwe I
thrze p(;c:s"‘ful m 1solating and cultivating Donovan bud)efypxcnl
Yot Our first stram was obtamned TFom B que
Uil g mgunal lesion of grannioma mguinak o

1o that reported by Anderson and later

e by a ted!
4
€ pry by Be"eﬂi,gre
o %edure was Jaborious and successful 150}
A tamed
¥

atian W 0ot
g 4, hance'  Qur second 1sclation was obf o ¢
Wy zMe';)mmvan bodies 10 pure culture from 2 Z‘«;Edlsen sed B
itted to subcutaneows transplantation
.
Wnghts stam (Natwonal Aniline & Chameal €71 5 &
Methyl aleohol (ecetone free) ’f ;,ﬂ . ,

Glycerme H
‘Wright 5 powdered dye '



sue The experimentally produced lesion was aspirated befor
rupture and the orgamisms were grown 1n the yolk sacs of 5 day
old chick embryos This 18 an interesting stramn mn that th
1noculum of diseased tissue transplanted to the Negro voluntee
was obtained by biopsy from a streptomyein resistant case ¢
granuloma wmguinale Our third stramn was 1solated from pu
aspirated aseptically from an mgunal swelling on a patien
with advanced gemtal lesions of granuloma ingunale Shd
No 3 demonstrates the presence of encapsulated forms of Dono
van bodies can be seen 1n a strned smear of infected yolk sack
chick embryo

The cultivation of recently 1solated stramns of Donovan bodie
has been reported only i yolk sac or embryomec chick yolk
In her studies Anderson concluded that some growth factor for
Donovan bodies was produced 1 the yolk of developing chick
embryos followmng the first 4 or § days of incubation?® She
failed to get growth n the yolk of unfertihized eggs and Donovan
bodies reproduced 1n the yolk of inoculated fertile eggs only
asg the embryo developed on mcubation

We have been successful in growing the orgamisms in fresh
umneubated yolk medium The Donovan bodies multiphied m,
3olk medium prepared from unfertile eggs as well as from fertile
eggs The ability of the plain yolk medium to support the grow th
of Donovan bodies of a freshly isolated straun depended on &
physical property of the medium The addition of a very smalll
amount of agar to the jolk medium apparently satisfied the
growth requirement This observation of a growth factor for
Donovan bodies 1s similar to that reported by Salvin'2 on the
cultination of Histoplasma capsulatum In his experiments
Salvin concluded that a yeast phase of Histoplasma capsulatum
could be obtained 1n artifcial cultivation only 1n media contarnt
mg a small percentage of agar sihica gel o1l or some simlarly
functioning substance

The media used to cultrvate the Donovan bodies are prepared
n the following manner Yolk 18 removed aseptically from fresh
eggs and diluted 1 1 with sterile saline A base medmm col
tunmg 1% Bacto peptone 03 Bacto tryptone 037 dextrose
and 02% sen salt 1s prepared and adjusted to pH 73 The base
medium containing the desired percentage of agar 1s then ster!
lized and allowed to cool to 46 C before adding an equal portion
of the diluted yolk In our prehminary experiments agar Was
added to the base medium so that with the addition of the sterle
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diluted yolk 1n several experiments, no growth of Donovan bot
occurred The Negro was susceptible to infection as an exp!
mental lesion was later produced on him by transplanted disea’
tissue

The ability to grow Donovan bodies 1n cell free med:,
greatly facilitates laboratory studies To be able to cultv
the orgamisms n fresh rather than embryome yolk offers :
added advantage We have not had an opportumty at prese
to attempt primary 1solation of Donovan bodies in the y
medium

CONCLUSIONS i

The simplest and most reliable laboratory procedure for du
nosis of granuloma inguinale 1s to determine the presence
tramonocytic Donovan bodies in the tissue smear staned
Wright's stain

Recently 1solated strans of Donovan bodies can be ¢ul
vated in fresh yolk medium free from any growth factor pt
duced by developing embryonic tissues

The addition of a small percentage of agar to fresh ¥c
medim furnishes a factor essential for cultivation 1 vitro
recently 1solated strains of Donovan bodies
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THE E
PIDEMIOLOGY OF GRANULOMA INGUINALE

By
Geoffrey Rake*

T'wish to dise
Which may throxgsli tﬁgay certain developments 1n my laboratory
of granulomg 1n, ght on the vexed question of the epidemiology
€y as to the gumale et me begin by refreshing your mem-
though not ('.01:;": rrent state of our knowledge The disease al-
Taee, the ratio ¢ ned to the Negro occurs predominantly mn that
it oceurs i moe D,: ther races being 9 1 an number of cases When
assoated poom ers of races other than Negroes there 15 usuaily
garded ag venr personal hymene Although the disease 13 ¥&
venm the gy ereal, Tustory of infection of the sexual partner,
Toregver cf of frequent and repeated exposure, 18 Very rare,
22 on the e lesion tends to be rather in the anogemtal regioht
tiewlarly gy genttalla There are papers 1n the literature par
ditiong the 0(;" the South Paaific suggesting that under rare coli-
isastrons o 1sease may become almost eprdenmc with the most
Sion of the ;smts, but such events scarcely concern our discus-
A great 1sease as 1t occurs in the United States
came with :dvance 1n our knowledge of granulorma ingunale
onated ¢h, he 1solation of the etiologieal agent the embry-
earry cutmken egy by Katherine Anderson She was able to
tests with both complement fixation tests and skin sensitivity
resulted her material Subsequent work 1 my Iaporatory has
granul m the adaptation of Anderson 8 agent Donotan’d
Whigh omats, to artificial media and antigens hasé been obtamed
se ch gre free from any €8£ materal Wath such antigens 187
ra have now been tested rable T contams a summary of the
Research New Brunswick New

Tre——
,";eiy‘he Squibh Institute for Medieal



TABLE I

Complement Futation Tests Usmg Antigens Prepared from Donoransa Granslomaiis

Number of Per Cent of
D agnos Cases Number of Caser
Postve Cases Postve
Granuloma Ing nal 53/63 a7
Y enereal Exposurc 8/71 un
Chro ¢ Ulceraton 4/29 4
Tuberculosia 0/10 0
Narmal (Disease-free) 0/24 0

results obtained with these sera according to thewr sourc
and 1t will be noted that 87% of sera from cases diagnosed 8
granuloma mguinale gave speaific fixation with the anbige
prepared from the stramn grown on artificial media Th
figure compares with positive fixation obtamed 1 92% of ser
from such cases when the chick egg antigen was used It Wi
also be noted from the shde that no fixation oceurred m 24 ser
from normal disease-free indwidnals or 1n 10 sera from ndivid
uals with tuberculosis On the other hand positive results wer
obtamned 1n 11% of individuals suffering from venereal disease
other than granuloma inguinale, and 14¢ n individuals witl
extensive chromie superficinl ulcers—either decubitus or varcose
At the time when these figures first became available to us 1
was felt that the 11 of positive reactions in indivaduals suffer
ing from other venereal diseases might be explained 1n part ©
mstaken diagnosis and n part on the passible existence of laten
infections This latter explanation has been advanced elsewher
for the more numerous cross fixations seen 1n the sera fro®
venereally exposed individuals when the antigen of lympho
granuloma venereum 18 used The 145 positive sera seen n
ndividuals with chronic ulcerations was however more puzzling
After considering the matter carefully, 1t was decided that 1t
might be due to some antigen held 1n common both by a secot
dary bacterial invader of such chrome ulcers and by D grant
lomatis In view of certain morphological appearances, which
will be discussed more fully below, 1t was felt that D granul
matis mght prove to have closer relationships within the tribe
Eschericheae than amongst ather bacteria  As a result antigens
were prepared from several members of this tribe in o manner
similar to that used for preparing the antigen of D grantlo
matis from culture on artificial media The species 50 selected
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TABLE 11

Complement Fuxation T
‘ests Uung Antigens Prepared f)
memqm;u Egcah an :!{ /h:;l‘u)f: Rbsnosclromats

K Rhwnon § X Pary
selevomatis mu:u L Ceh J‘ﬁi'r"'
No of sera tested 4 63 55 55

% of averall cortelation with
Granslomans antgen B% 8% 6% i
e | - -

% of conelation with
:‘:: ::h D Gu‘nx!n’;\::::go“
e wR | o% | 4% | R

0 of corrafation w th
:z;/; :v:‘u.h D chE:ai',ig
100% 100% 100% 100%

e . th
Q‘xsh;l'gese a trgons v th E colt and A aero-
Sera used fo tnhhxens were then tested against as many of the
were sl r the test with the antigen of D gronulomatis as
Table 11 ;ttv ailable The results of these tests are seen 1
betweon ¢ will be noted from this table that the correlation
Weromn nhe results obtained with the antigen of K rhino-
anbge a: and D granulomatis were I bly close The
Pﬂsmvn of K pneumomae gave pusihive results in 63% of sera
of e with the antigen of D granulomatis while the antigen
and tmlz gave fixation with approximately one half of the serz
by hat from 4 aerogenes with approximately one third of
2 sers These vesults seem to us to mdicate that 0 granido-
matis probably 1s & member of the tribe Eschericheas and 18
mast closely related to the genus Kiebswelle in this tribe That
it 13 the causgtive agent of at least the mayority of ca%es of
granuloma inguinale 18 shown by the high proportion of sera
from such cases which give positive fixation against 1t whether
cultured an the yolk sac or after adaptation on artifical medium
When one turns to the electron MICroscope studies of this
organism, whether growing 1n the yolk sac of the chicken €g£g
or on artificinl medium, one 18 struck by two features The first
is the lugh degree of pleomorphism 10 be seen 10 these organisms
and that 15 brought out i the next Jantern sude The second
pomnt 13 that the typical forms of D gromlomatss resemble very
closely those of K preumoniae which we have examined This

15 shown 1n the next lantern slide
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The results of these studies leave one therefore with the
following facts D granulomatis seems to be related to members
of the tribe Eschericheae This relationship ean be demonstrated
not only by an investigation of antigemic pattern but also by
studies on morphology As you know, many members of the
Escherichene ave common fecal organsms Furthermore, there 13
evidence from our own studies that D granulomatis represents
an orgamsm which has become highly adapted to amamal tissues,
not as much, 1t 18 true, as has the baciltus of leprosy, but to 2
degree approaching that Even after growth has been obtamned
mn the fertile chiek’s egy 1t 13 with certain amount of diffieulty
that adaptation to artificial media has been carried out, and as
we have pointed out elsewhere, even afier many passages on
artificsal medium the growth 1s delayed and scanty, although
such strains immediately grow out flourishingly when reintro-
duceqd nto the chick egy

That the causative agent, I granulomatts, might be an organ
s derived from the feces 15 no new idea since 1t was suggested
by DeMonbreun and Goodpasture fifteen years age It seems
perhaps probable that we are dealing with an orgamsm with 8
high degree of mutabihty, some strams of which once estab-

; lished 1 the human tissues are not cultnatable except by some
such method as that of Anderson’s using the chicken embrye
Other strawms, perhaps less highly adapted, mght account for
the infrequent deseriptions of eultsvation of orgimsms which
grow poorly and do not survive many transfers such as those
described by DeMonbreun and Goodpasture, while still less
Inghly adapted stramns might account for the orgamsms of Souza
Arauje and others who have repeatedly clmimed the isolation
from cases of pranuloma mguinale of strams related to the
genus of Alebsielln which grow reasonably well on artificial
medi  If one accepts the evidence that D granulomatss 19 the
eause of granuloma imgianale and further accepts the hypothesis
that this orgamsm 1s related to the genus Klebselln and 18
fecal organism of high mutability same of which mutants have
strong intracelinlar tropism some of the unexplasned facts con
cerning the epidemiology of this disease become clear The dis-
ease occurs i indisxduals whose personal hygiene 1s low and
1 regions of the body lkely to be constantly contamunated with
fecal materzal  The onigin could then be explaned on the mnfec-
tion of small traumatic lesions produced on and around the
genitalia during sexual intercourse or even in lesions due pri-
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ma
Comriyoi‘z:;ze other specific venereal disease agent which be-
partrer wout d“:xnt The usual absence of infection in the sexual
the other hand ItJh be unexpected under such eirrcumstances On
extended, wathout e hiypothesis of lugh mutability could also be
epideties of mu distorting 1t unduly, to include those described
fime ¢ disease which apparently occur from time to
Iin
18 my f:l:o:-:it 5°‘t‘ will aceept this summary of the work done
Wik forbeampn « together with certain hypotheses built upon 1t,
whose wark 1 Te Ilreahze that 1t 13 unwise for an mdinidual
embark upon h“xe ¥y within the four walls of a laboratory te
today Howew:'lmt)ixeses such as those I have outlined to you
12 the resulte " Y hxf n 8o downg I have stimulated your interest
Sertaun channe le ave obtained and directed your thoughts along
Whether my s which those results seem to me to open up,
shal by v, general hypathesis proves to be correct or not, ¥
ery content with what I have achieved

EXPERIMENTAL PINTA

By

Franciseo Leon Blanco
(Habana, Cuba)

CuT:,? finding of treponemes in the skin and lymph nodes of a
Prompteq of panta by Alfonsn, Grau Triang and Leon Blanco!
wag Dted experimental study to determine If this treponeme
¢ A new species, or T palludum or pertenue This work was

tried gut by the present author in Mexico Where More than

200,000
000 pinta patients were availabl
patients were available ¢ demonstratod the
f 2000 cases of

Between Octobey 1938 and May 1942,
Presence of treponemes in the skin lemons O

eXican winta, as well as the absence of such micro0rEANISMI
I the healthy contacts living 1 the same remon® Belween Qcto
Ber 1938 apd Decewher 1939 a sertes of e\pnnmenti\r inofuln:
Yions were carried
discovered by the '
;’:@"musly known d the Jeswng vl uo

Drimary lesion of pnta an
(pmhds)rznt?ls then ur?known The chaical evolution of pinta
Wwas thus described®

e
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My expermmental work was later confirmed by Gomez Fariast

1 Mexico, Oteiza® 1n Cuba and Padilha Goncalves® in Brazil
HUMAN EXPERIMENTAL PINTA

The first experimental transmission of pinta from man to
man was carried out on myself* and later 1n 27 volunteers To
these 28 cases must be added 2 of Gomez I'ariast, 12 of Oteiza®
and 9 of Paditha Goncalvez?®, making a total of 51 known exper:
mental 1oculations of pinta 1n human beings

These 51 cases may be divided 1n five groups:

(1) 26 cases had not suffered from pinta or syphihis before

(2) 4 cases had suffered from pinta and had been cured for

some time before reinoculation was attempted

(8) 6 cases were suffering from late pinta at the time of
remoculation, their serologic tests were strongly post-
tive and abundant treponemes were demonstrated 1
their skin lesions before remoculation
9 had suffered from syphilis, msufficiently treated and
thewr serologic tests were strongly positive at the time
of 1noculation
9 were afflicted with yaws, and their serologic tests were
strongly positive at the moment of imoculation The
duration of the yaws infection was between 4 and 11
months  None had recewed treatment The results
obtained 1n thege groups varied and must be stated
separately

GROUP I —The Prumary Stage —Of the 26 cases of this
group 14 were moculated with serous exudate rich 1n Treponems
carateum from the late cutaneous lesions of pinta patients, 8
were moculated with material from early pintids and 4 were
mnoculated with exudate from experimental primary lesions

Inoculations were carried out mtracutaneously with the
serous exudate diluted 1n saline solution i 17 cases, percuta-
neously depositing the exudate on the abraded skin, 1n 9 cases
In 3 of the latter, noculation had been previously tried unsuc-
cessfully before by depositing the infective exudate on the
healthy non abraded skin In 17 patients only one 1moculation
was performed, n 8 two moculations and 1 6 three simulta
neous 1moculations were performed

The results were positve 1n all 26 volunteers Each nocule
tion site developed an nitial lesion, so that 17 had only one
lesion, 3 had two lesions and 6 had three 1nitial or primary
Iesions, all of which followed parallel development and course

4

(5

~
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Tite period of 1ncubation varied between 8 and 61 days, usu~
ally between 6 and 14 days.

The first fost after 1 tion spp a5 2 Jom-
teular erythematous spat on the skin, but this is o fleeting
gymptom, observed usually at 24 hours, and disappearing after
2 hours This may be a traumatic or transitory response to
the myected fld  Later appears a papule the size of a pinhead,
or 3 lenticular maculo-papular erythema. There may be 2 or
mare papules close to each other. These lesions grow slowly but
steaddly 1n size, reaching maximun size and elevation about the
Bth to the 20th day Generally they are oval of semspheric
m shape, anfiitrating the dermal tissues, shghtly squamous or
Ichenoid, pink 1m white skans and violaceous 1n dark skns, and
Bave a corong of scales 1n their periphery These scales may
secumulate on the surface 1n neglected cases, become straified
?)nd resemble the clinteal aspect of late nodulo-squamous syphthid

n femoval, these scales leave  glistening red surface with raby-
™ puncta, corresponding to the dilated capilames of the
P;pl}Zae Around the papula and separating 1t from the healthy
42 there may be an erythematons halo from 2 to 3 mm It
i and sometimes very fine radiating creases

2 imital lesions may eontinye MICreasing i size by periph-
lem extension and by the coalescence and fusion of adyormpg
:;i:ns, and about the 60th day may reach about 2 cm 10 diam-

The 1mtia] lesiont may remamn as the sole mamfestation h:.f
butta for 3 months to a year The clncal agpect may be U
94 psoriamform erythematous patch which may resemble r:‘x;i
worm of the shin, hichenoid eczema oF parakeratofit Chmnéclhfcs
Tatitry Often the maim lesion 13 surrounded by gmnaller sa teo s
Whith may finally coalesce and becore mcorporateinglas the
larger lemon,  Prurstus 1s & farly constant symptO?may a
result of seratching, secondary nfected ux\-,eratmt;nwus e
;l'he mtial lesion of pinta never undersoes spon
K nlarged, hard,

The neighborme lymph nodes are ilighffpzncturmg e
movable, and 1
o shovws atal proot that in

s soonds o " »od before the ap-
bunta, treponcrmes oceur ?i\fé:;:;::s !"esions. but their pres-
bearance of the disserunats ts to their diesemination through
ence 1 the lymph nodes poin
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the lymphatic system It 1s logical to believe that they may be
carried by the lymphatic and the venous circulation to the
peripheral cutaneous vessels where they become localized, mult-
ply and cause the lesions which 1 described under the name of
“pintids ”

Experimental nfections 1n volunteers have allowed us to
ascertain how long after mnoculation these pintids make their
appearance In my study four cases were followed until pintids
appeared on the skin, which were respectively 97, 112, 152 and
142 days In the case reported by Gomez Faras' the dissem1
nated lestons showed at the end of 85 days In Oteiza’s cases®
the outbreak of pintids appeared after 88, 133, 139 and 142 days
The average mterval 1s about 126 days, with a mmmum of 85
and a maximum of 193 days

Pintids appear first as a discrete roseola, the lesions beng
small, lenticular, pinkish in color, non elevated, covered with
apparently normal epidermis There may occur papular lestons
of mihitary size, infiltrating the corium, pink or violaceous and
shghtly scaly The number of lesions vary from a dozen to about
one hundred, there may be successive outbreaks These lesions
do not fade and disappear, as 1n syphilis, but become permanenf
and enlarge gradually, spreading and coalescing to form larger
patches with an erythemato squamous surface, or one which
may be psoriasiform, annular, erythemato-pngmented or in
parts achromic  Some pintids resemble the circinate, annular of
psoriasiform syphiids They may last for months and years
covering by gradual extension a large part or most of the surface
of the skin I could follow these pintids on myself for the best
part of three years, during which the lesions changed color and
chinical aspect several times None of my own pintids disap-
peared spontaneously However, n two volunteers 1oculated
by Leon Blanco and Oteiza m 1944, the imtial lesion as well as
the secondary pintids have disappeared without treatment, al
though the serclogic tests remain strongly positive

In all cases the serologic tests for syphilis are negative durning
the long period of solitary mitial lesion, but as soon as the first
outbreak of pimtids oceur, these tests become positive in a £
days Specific treatment similar to that of syphilis may change
them to negative

GROUP . This group was composed of 4 volunteers who had
had pinta and had been successfully treated with specific treat-
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ment, three of these patients were imoculated by myselfs and
one by Oterza®

Of my cases, one had been previously experamentally infected,
freated and apparently cured withm 60 days after the inocula-
tion when the serologie fests were still negative and no pintids
“'eée et isble. Ancther patient had had pinta for 10 years,
*nd had been treated and apparently cured 4 years before this
j\‘tpi]r]lment, The third patient had acquired pinta one year before
Seroloe time of this experiment he had 14 pintids, and positive
sl h‘n”‘-‘ tests, but was treated and apparently cured with neo
hep( e:jnamme Otesza s case had been noculated m 1940, and

ated two ) eary later during the secondary pintid period, with
reversal of the serologie tests
of fl‘elsh 1moculatmns 1n these 4 cases resulted 1n the appearance
] ;’:dé‘as mitial Jesions at the sites of moculations after 7, 20,
‘Ervedinl days respectively, with the same characters as ob-
o Group 1 Oteiza s case was observed during 6 months
tests ae 2 shower of pintids on the skin after 142 days Serologie

Gxog;m tutned positive 1n this case
trom 3 This group was composed of 5 volunteers suffering
Yag pgmta at the moment of the experimental moculation All
teun xSltl\'e seralogie tests and all harbored Treponema cara
\noetl Y; the existing cutaneous lesions All these patients were
abunda ed 1ntracutancously with imfective serum coutumng
200 ant Treponema caratewm the moculations being made on
thp ently normal skin  After 49 days no lestons appeared at

e Sites of noculations
hndGll(gUP 4 This group mcluded 10 patients with syphihs who
tonts en msufficiently treated had strongly positive serologic

but no cutaneous lesions at the trme of oenlntion with
Pnta matep gl
ree of these patients were wmoculated by myself 6Dy Oterza

2nd one by Gomez Farias In cnces the patients hnd acguired
spluhis 3 years 14 months and 4 months respectively before
the moment of this experiment Oteiza’s cases had 2 ‘Tstory of
syphilis and strongly positive blood tests Gomez Fanas® ease
bad been treated 4 years before and hns serologie fests were
Degative My three cases inoculated with pinta materal devel
oped typienl imtral pint= lesions at the site of moenlation 12
17 and 20 days respectively after the moculation These witial
lesions although smaller and slowner 1n evolution were 1dentical
With those obsert ed 1n non syphilitie patients One case R A3 o
lowed far § months and presented an outbreak of pintids 127
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days after lat Another vol Tated with exu-
date taken from these pintids acquired an mmtial pinta lesion,
not a syphilitic chancre Of the 6 patients 1noculated by Oteiza
the experiment failed 1n 5 after 9 months of observation, one
developed an imtial pinta lesion 12 days after moculation In
Gomez Farias’ case an imtial pinta lesion appeared 7 days after
1noculation

Grour 5 This group consmisted of 9 untreated patients af
fected with yaws, who had contracted the disease from 3 months
to 4 years before the experimental pinta moculation Two had
latent yaws, 7 had active lesions All were oculated intracuta
neously Of these 9 inoculations, two were positive One with
primary and one with latent yaws developed 1mtial lesions of
pinta after mncubation periods of 32 and 35 days respectively

.

\ SUMMARY

This article reviews the expermmental inoculations performed
with pinta material 1n 26 cases pubhished up to the present

The mihial lesion of pinta 13 a papule which appears from
;.} ttD 61 days (average 14-20 days) after intracutaneous noc
ation

Reinfection on treated pinta was successful in 4 cases The
wmtial lesion was 1dentical to that seen in individuals not pre
viously infected The incubation period in these cases was 7
20, 22 and 31 days respectively One of the patients followed
during 6 months had an outbreak of pintids on the 142nd day

Superinfection could not be obtaimed experimentally in cases
with late manifestations of pinta In five cases attempted all
gave negative results

Of 9 noculations with pinta material 1in patients suffering
with latent seropositive syphilis 4 were successful In an early
case of syphibis intensively treated and with negative serologic
tests an imtial lesion of pinta was obtained on the 7th day after
oculation with pinta material Only 4 of 9 moculations were
positive 1n patients with latent seropositive syphilis, seems to
pownt to partial cross immumty

Pinta patients do not become ymmune As soon ag the infecs
tion 13 cured by specific treatment, remoculation 18 possible €x-
perimentally, whether the disease remaimed 1n the mitial stage
or advanced to the dary period of d nated skin man!
festations
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There 13 no difference 1n experimental imtial lesions, whether
the subjects have previously suffered from pinta, syphils, or
¥aws, or have had no earher spirochete infection

The 1mtial lesion of pinta ;s different from those of syphihis
and yaws
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NON-GONOCOCCAL URETHRITIS IN THE MALE
By
Charles M Carpentert
and
Lt Col Raymond P Hughes*
th Non gonoeoccal urethritis became a significant entity during

® War years Not infrequently, a shigma was assocated th!;
© Yecord of a man 1n the Armed Forces who had gonococca
urethriis  On the other hand, 1if the urethritis was of Igon-
Bonacoeeal origin the individual’s sexual conduct was fse :}1;1
uestioneq  The development of the enltural method Do:; the
\8Bnous of gonorrhea focused attention on DOT £ONK fcom
urethritis and aided 1n the differentiation of the “specific” fr
€ “Hon specific’” nfection
Untat “"I’)nepamtlvely recently the majority of physicians {reat-
——
0wt + 4 ©asa alapv tn the Office of the Surgeon Gen-
o neh Medical Consultant’s Divi-s:
slon,
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ing venereal disease believed that practically every case of
urethritis 1n the male was a Newsseran infection Prior to the
use of cultures for detecting the gonococcus the failure to find
the orgamsm 1n films from urethral exudates was considered fo
be inconclusive evidence that the gonococcus was absent Al
though the present cultural method 1s not infalhible confidence
1m 1ts use has increased because 1t has been demonstrated repeat
edly that the cultural method 15 superior to the mieroscopi
exammation of Gram stuned films

The therapeutic efficacy of pemcillin m gonorrhea has uded
the characterization of non gonococeal urethritis From 90 to
95 per cent of patients are cured with a single course of therapy
Thus when a patient with urethritis fails to respond to peni
cillin 1t 15 most unusual Reports of pentcilhn resistant gonor
rhea have been published! ® but in our experience With several
hundred alleged cases of this type no such evidence was ad
duced* To date no strain of the gonococcus has been observed
m v2tro to grow m a concentration of pemicillin greater than 003
umt per ml of meditm Remnfection was responstble for many
of the so called failures In other instances of alleged gonococeal
urethritts which did not respond to therapy with pemcillm
either a species of Newsera other than the gonococcus or bac
{eria belongng to entirely different genera were 1solated These
observations confirm the prevalence of a urethritis of non gono-
coccal origin

The syndrome presents for study its etiology, epidemology
prevention and treatment Of special interest 15 determination
whether the disease 15 of venereal orygin  Most of the observa
tions to date have been made on Army personnel 1 the Pacific
Theatre and in the First and Third Army Areas among whont
was a small group of debarkees from the Mediterranean Theatre
Limited observations have been made among civihians

PROCEDURE

From 100 to 200 men were awakened each morning well be
fore revetlle and marched to the dispensary Strict precautions
were taken to prevent them from urinating prior to examfnation
The external gemtalia were exammed for urethral discharge
penile ulcers and epididymitis The urethra was carefully
stripped by the examner and the lateral margins of the meatus
were everted n order to examine the mucous membrane for
mflammatory changes The inguinal nodes were palpated for
evidence of Jymphadenopathy Men with urethritis were with
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f.‘;i?:virsu? kthe Iine and retamned for bacteriologic exammation
resulian, fn en to exclude men with a mucord urethral exvdate
men v&hﬁ hr?im alleged sexual exposure the previous mght or
exnssion 3 Iseigmﬂi flnd 1n the urethra following a nocturnal
oo nly those cases who had a definite mucopurulent or
g et et:xudate were classified as urethrtis In some cases
by ate was scanty and would have been rveadily overlooked
The e}' InOt been observed prior to urmation
The I:ea‘;:gwing techmque for making cultures was carried out
with 95 p rwas cleansed wath a sterzle gauze sponge moistened
llcter o cent aleohol A drop of the urethral exudate was
ectly ovty e erte cotton Upbed apphcator and streaked o1
experion c: 1te $§:face olx;la chocolate agar plate  After a little
wedim so that dvbssl e to distribute the inoculum on the
Togte examy at indyidual colomies could be studied Bacterio
of 10 appa;‘:‘t&“ﬂs were also made of specimens from the urethra
therr bagtertal y normal men 1n each group of 100 fo compare
Wrethni (? flors with that of men presenting symptoms of
Srstrodod ultures were hhewise made from the sedument of
cally Shos &mne collected from 50 medical students who clint
Al cul‘:e no evidence of urethritis
phere o tl‘:res were incubated for 48 hours at 36° C_in an 2tmos
tom of tlh an mereased carbon dioxide tension The exanmuna
ton we e cultures for the gonococeus and therr final dentifica
Jority ;ﬁ made accordimg to standard procedures® In the ma
Severalo cares only a mingle film and culiure were made but in
meds groups cultures were made on from two to four different
repea sujtable for the 13olation of the gonococeus Furthermore
2 ated cultures were often taken to carefully check the prote-
ure Chocolate agar with either Sypplement A or B Difco was
employed as the basic medium TFilms were stasned by Huckers
modification of Gram s stan The bacteriologic examination was
0t imuted to the detection of the gonococcus Speaal sttention
was given to the predaminating, species recovered in an attembt
10 determine their relationship to the urethritid
This report 1s concerned pramarily wath the prevalence of
non gonoeoceal urethritis Considerable Pactertologie work has
been carried out but as yet the agent br agents rasponsible for
the syndrome have not been established
RESULTS Bt
A survey of 4190 men oxamined for evidence of ux;ct“n 18
revealed that #0 (14 per cent) had gonococeal urethritis
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:gﬁca(sis 1}er cent) had non-gonococeal urethritis The number
by s of the two types of urethritis among 1,590 white men
el fnn;:occnl urethnitis 4 (025 per cent), non gonococeal
bon wl 18 77 (4 8) per cent) For 2,600 Negroes, the distribu-
L\rethrats gonococeal urethritis 56 (22 per cent) , non gonococcal
P 1tis 326 (125 per cent) A comparison of the two mfec-
o among 1,800 men overseas revealed that 22 (12 per cent)
gonococeal urethritis and 223 (124 per cent) had non-
ﬁ:gocnccal urethribis In the Zone of Intertor, 38 (16 per cent)
Py glormcoccal urethritis and 180 (75 per cent) ‘had non gono-
ar:a :rethl’)tls In the case of racial distribution 1n the two
o) a3 the following data were obtained Pacific Theatre, among
6 whites 2 (03 per cent) had gonococcal urethutis, and 43
(67 per cent) showed evidence of non gonococeal urethnitis,
among 1,164 Negroes 20 (17 per cent) showed gonococeal ure-
thritss and 180 (156 per cent) non gonocoeeal urethntis In
the Zone of Interor the racial distribution was as follows Of
atotal of 944 white men, 2 (0.2 per cent) had gonocoeeat urethri-
t1s.and 84 (3 6 per cent) non gonococeal urethritis Among 1,446
Negroes, the cases of gonococeal arethritis were 36 (25 per cent)
and of non gonococeal urethritis 146 (101 per cent) (Table I)
Sixteen (8 0 per cent) cases of urethritis were detected among
200 debarkees from the Mediterranean Theatre, even though
this group had been subjected to several recent 1nspections prior
10 our exgmpation  Of this number, 7 (85 per cent) were of
gonocoeca) origim and § (4 b per cent) were 1oA specufic 1n ehar-
acter Surprisingly, the exammnation of another group of 200

Dew enlistments, the youngest men 1m the study who were awatt-
g, half of whom were white

Mg assignment for their basic traimin

and half colored, revealed 18 eases (90 per cent) urethritis
Five (50 per cent) were among white men, and 13 (}30 per
cent) among Negroes No & | infection was detected

however
Facilities and personnel were not available to carry out com-
blete hacteriologic eximnation on each patient The following
ptocecer were 1solated

6bservations were made, however Stre
from the urethral exudates of 153 (88 per cent) of 403 men

with non gonococeal arethritis I 77 (19 per cent) the atrep-
toeoceus was the predominant prganism TWwo types were recov-
ered (1) the Alpha type forming greenish zones about the colo-
nies on blood agar and (2) the Gamma type which produced no
hemolysig Several strains of the Alpha type were identified as
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Streptococcus fecalis The frequency with which streptococel
were detected varied considerably from group to group Diph-
theroids and staphylococer were not infrequently recovered in
culture as the predominant orgamism In some nstances they
grew concomutantly with streptococer In a few cultures, small
Gram-negative bacilli appeared, but their final 1dentification was
not possible at the time the survey was in progress

The cultures from the uiine sediment of 50 medical students
and from 40 men recently returned from the Pacific Theatre to
the Zone of Interior, as well 25 from 200 men 1n the Pacific Thea-
tre, with no clinical evidence of urethritis revealed findings
somewhat similar to those obtained on the men with non-
gonococeal urethritis  Streptococer were present 1n culfure from
78 (27 per cent) of the men In numerous cases only a few
colomes were present, but not infrequently a profuse growth of
the streptococeus occurred

Discussion

The intensified interest in non-gonococeal urethritis m the
male and its diferentiation from alleged pemcillin-resistant
gonorrhea has emphasized the meed for further study of the
ntity The prevalence of urethritis among sexually-active young
men suggests that non-specific urethritis 1 acquired from sexual
contact A few men with the disease mmntained that they had
never had sexual ntercourse with women, however Although
reports by several urologists have implicated a focal mfection
of erther the prostate and/or the seminal vesicle as the cause of
the urethritis, 1t was evident gs a causative factor 1n only a few

of the patients observed 1n this survey
The results of the bacteriologic examinations are not sigmifi-
eant n the etiologv of urethritis because of the similarty of
tfhe bacterta 1solated from the urethral exudate of the men suf-
efntrlllg from non gonococcal urethritis with the bacterial flora
glt ¢ urethra of men considered to be normal Reports of a
erable virus® as a possible cause of non-gonococcal urethritis
zzg“ir;‘:“zfmhﬂn troops has stimulated further search for such
factcygr "; t:t as yet 1t has not been observed to be the etiologic
o 18 country  Pleuropneumonia-like orgamsms have
cen described as another causative factor?® Such organ-
1sms have been 1solated from the urethral discharge of men with
utrithrms and from the lower birth canal Whether they con-
z ttute a part of the normal bacterral flora of the gemito urinary
ract 13 as yet not known Fyrther studies of the etiology, pl-
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y, and tr of non 1 urethritis are m
progress by several investigators in this country which wall no
doubt aid materially in controlling the disease When the cause
of the disease 13 well understood and the mode of infection 18
established the prevention and treatment can then be more effec-
tively carred out

SUMMARY

1 An examination of a total of 4 190 men in the Army, 1,800
from the Pacific Theatre and 2390 from the Zone of Interior
showed that 463 (11 0 per cent) had urethritis Sixty cases (14
per cent) had gonococcal urethritis and 408 (9 6 per cent) had
non gonococeal urethritis

2 A comparison of the bacterial flora of the urethral exudate
of 403 men with non gonococcal urethriis with that of the
urethra of 290 normal men revealed, exclusive of the gonococeus,
a similarity of orgamisms in both groups Streptococer were
present 1n a greater number of cultures than any other organ-
1sm and furthermore thev were predominant in more nstances
On the other hand, streptococe: were 1solated from 38 per cent
of the men with urethritis and from only 27 per cent of the
normal men Special examinations were not made for pleuro-
pneumoma like orgamsms nor for viruses
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HUMAN BLOOD LEVELS FOLLOWING VARIOUS DERIVA.
TIVES OF PENICILLIN SUSPENDED IN VARIOUS
ABSORPTION-DELAYING VEHICLES

By
D K Kitchen, E. W, Thomas, R. H Lyons, M.J Romanshy,
and C R Rewnt

Buckwalter and Dickison! have recently reported a new reposi-
tory type of pemcillin product * They have introduced the principle
of suspending pemicillin salts 1n peanut o1l gelled with aluminum
stearates, water repellent substances Their study was an animal
companison of the absorption delaying properties of this vehicle
with the conventional repository vehicles The study recorded
here was designed to carry this comparison through the human
subject

The facilities of four assay laboratories were used and assays
were performed by two different methods, a modified Rammel-
kamp method and a cup plate procedure employing sarcina lutea
Control blood samples weie drawn before the mjection, each
patient then recerved 300,000 umts of pemeillin n repository
form and consecutive bloed samples were taken at the intervals
indicated on Chart A The lines on the chart are the least squares
fits to the logarithm of the average blood concentration with time
1n hours

Table I presents, 1n accordance with standard practice®?, the
percentage of all patients whose blood concentrations were 03
units per ce or above at the indicated hours for the various prod
ucts studied It also shows the total number of patients whose
blood samples were assayed and the average concentration of
penieillin per c¢ of serum at these various intervalg

Table II shows the number of lots of each product tested and
the percentage of particles of each product above or below &
diameter of fifty microns on g relative weight basis

The results obtamed by a single injection indicated that the

o NGCILLIN. gencrouly supplied by Brsstel Laboratores Inc Syrs

Has;]i::::mﬁﬂn\:ﬁol Leaboratories Syracuse N Y (Dr Kitchen) Bd}‘“{,’
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gelled product warranted a series of observations following its
prolonged use,

Table III exhibits blood ations following prol d
administration of procaine penicillin 1n o1l gelled with 2% alu-
minum monostearate (large particle). Sixteen patients were
injected once daily for 16 days and blood levels were determined
at regular intervals for the first 24 hours and at 24 hour intervals
thereafter until the concentration fell below 039 units per cc.
following the Iast injection. The purpose of this study was two-
fold: 1) to observe any untoward effects of repeated injection;
2) to record maintenance of high blood concentrations,

DISCUSSION
The absorption of all salts of penicillin tested was delayed
longer in the aluminum monostearate-peanut oil gel than when
the same salts were suspended in peanut oil alone or in peanut



0¥ £00 L 131 0 81 £5 w00 6l 8
ozt 900 §L 191 010 81 00 00 £1 oy
o olo SL 82 £10 81 11 10 i1 9%
L 81 610 st § €T o J14 885 b £ 0
¢ 050 8z s 8¢0 9 £ L0 14 ¥
8 8L 061 [ 548 3] 91 4 001 ofe 1 14 1
0 o0t 0z1 1 13 000t €85 T 81 0 00t uol A8 {
TH 10 FETETTEG B TEL)
£0 PATTPoOIg | PAYY | susaeg | g0 pasypoolg | paep | nwanrg | g0 puwgpoog | pasy | mmeneg wonEmmwpY
quAy s ooig 0 AL SIUR 00} 3 qupy S 001 Jo  |dmmojjog sinopf wramyy,
€ JOIWY 33 | ey | SIquoN { -vd joIua) 43 [ ey | squny | -ed jo 109 53 | Sesay | saquing
RIS
1O Ut O UpNUI duresord ~ouoly wnUwnlyY {A/4) %7 yuaL xeasaag YAy {A/8) %8 § qupy
10 AUTIT 1 O UYPAUSF WPOG 10 InO¥3g Ul S WINMUS] wipog
o] il L4

(2104293 T EwLdIES)
suoneredalg wypiuag Kiousoday g Jo (goeg sus() 000 005) uondauf ATumg Torno,0g sjeAssy
~U JUILY, IAE5IIAG 37 JAYFIH 20 SHU() £Q O SUOELILIILST POOYT I SIUIMNEY JO UG I3] PUT SPAY] POOIY 23112y "NUANIYY J0 I3quInN

1378VL



[ 574 650 87 9%
137 10 6f 41
iss %50 68 L8 200 9% [ 23] 860 191 sy
18 150 65 97 200 6t 8 £9 030 01 oF
118 250 6 €91 £10 £ [R5 90 61 9
006 890 09 £iE 550 6f 918 760 191 0
€56 510 ] £ 5§ 9 i 106 ozt 91 H
L9 050 ® 683 50 4 18 111 91 u
€386 ar 65 0 001 %2 3 L% €65 ®1 1
FETCITRE) T 0 Ty 0
(o PATpoog | a1 | mwneg | g0 PAYTpoAE | pavT  f sweneg |gp PANLPOOd | AT | suned | wounin.inpy
Y siuen | pooyd I3 Qg 1A | poor IS quAL S 1 | poojgt T {Bumcjog unopt wiamty,
eg joiua) g | ety | MqunN | ~rgjoiua) 2d | deAY | PQUN | ¥ jo 1) g | sduaay | pquny
ety (opuirg 38aey) Beaeas

(apnsed yriag) deseans
—oyopy wrutwn]y (A/#) %7 UM

110 IUTI W D D[IBiu3g FUiRI0I]

L

-ouopy wnunan]y (474} %7 1AL
[0 IS T WO WY

a

ooy, wnuiwory (4/m) %7 WAL
. 0 3nGva W O Bidueg Suiearg

a

{panuyuo?) I ATHV.L



1292}
TABLE iI

No of
Product Lots Pactrcle Size

- Sodism Penicillin G 1n Peanut Olwith 4 §
A R White Beewwax w4 8% b1 S0 over S0 menor

B Sodwm Pepiellin G 1n Peanue Ot with 255
{w/v) Alammnym Monestearate

G Procaine Pemiaillin G in Ot 3 1 78 8% over S0 muesot
D— Procaime Penscilin G o Peanut Oif with 2%

{w/v) Aluminum Monostearate (Large Par-
bicle} ® 3 939% aver 50 mucroms

509 over 50 micron

E—r Aluminum Pemeillin 12 Peanue Ol with 3%
{#/v) Aluminum Monostearate 2 | 70% over $0 muenant

Fo~ Procame Pemetlhn G in Peanut Oif with 2%
5;{:)) Aluninum Mogostessate {Small Par ) 10055 wender 5 mismost
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o1l plus beeswax Further, 1t 18 of particular interest 1o note that
procamne penieillin 1n peanut o1l gelled with 2% alummum mono-
ptearate of a small particle size maintained a blood concentra-
tion over a much longer period than the same combiration but
with large particle sized pemeilin  No 1nstances of undue irri-
tation or untoward effects were reported by or observed n any
of the subjects receiving the aluminum monostearate-peanut oil
gelled products other than the occasional allergic reactions to
pemeillin  The influence of particle size, per se, on maintenance
of blood concentration will be reported later by Buckwalter,
Dickison and this group
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PHARMACOLOGY OF PROCAINE PENICILLIN

By
Henry Welch and Harold L. Hirsh*

Procaine pemieillin in oll became available to chnicians
February 10, 31948 Prior to the preparation of a
under the Pemcilin Regulations describing the standards
wdentity, strength, quality and purity of this drug, a consid.
amount of study had been devoted to establishing its safety
efficacy These preliminary studies indicated that procaine
cillin 1n o1l would be one of the most important and valuasble
of the pemeillin preparations for prolonging blood levels In
the two ronths that have followed the advent of procaine pent-
aillin, enormous quantities have been made available for use
and, 1 contrast to the usual gradual acceptance of a new
ration, the medical profession has rapidly adopted this
of pemicillin for therapeutic use In approximately two ‘months,
well over 35 trillion umts of procaine pemeillin mn o} have
been certified

Procaine penicillin 13 usually prepared by the double decont
position of sodium pemeillm and procaine hydrochloride The
relatively unsoluble salf resulting contamns approximately £
milligrams of procamne for each 60 mulhgrams of penictht
Thus, 1 the ordinary dose of 300,000 units, approximately 140
mlligrams of procaine 18 mjected Procane is the least toxic
of the more widely used local anesthetics, possessing approx!
mately one fourth the toxicity of cocajne If the approximate fatal
dose of cocane for man 1512 grams, then the lethal dose of pr&
caine would be on the order of 4 8 grams This would be equvd
fent t0 12,000,000 units of procaine penicillin in a sngle M
tton  However, 2s much as 30 grams of procamne have beed
employed m a single surgieal procedure without untoward symp:
toms and, 1 addstion, the insolublity of procaine pemcillin and
resulting slow relcase of procaine wonld have to he conuidered
inareving at an approximate fatal dose of the latter drug Fur
thermore, procaine 18 rapidly destroyed by the hiver Ammals
are able to withstand repeated wtravenous myections of arge
fractions of the minimum fatal dose and several times the 8ver”
age fataf intravenous dose can be administered to eats by 80
fusion with survival of the animals Although no irntant
or devitalizing action has been demonstrated for procalne, Some

* Food and Drug Administration, Washington, D C
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ndividuals are extremely sensitive to the central nervous system
stimulant action of procaine In such cases, however, the onset
13 slow and any of the common barbiturates control the reaction
Unfortunately, deaths have been reported following the admin.
1stration of as hittle as 0 01 to 013 grams of procaine, and 1t 13
therefore 1mportant to determine the allergic state of an ndi-
wvidual toward procaine before procane pemallm 18 admims.
tered Although death 1n an rdiesyncratic individual due to pro-
caine has been an extremely rare occasion, consideration has to
be given now to the fact that where thousands of patients are
admimstered procaine as an thetie, tens of th ds will
be injected with procaine pemieillin
Prior to the acceptance of procamne pemcilin 1 o1l at least
2,000 individuals had received injections of the drug with no
evidence of sensitization Since that time many thousands of
inyections have been made and to our knowledge there have heen
no authentic reports of sensitization It was expected that we
‘would encounter not only the usual 3 6 per cent of patients sen.
sitive to pemcillin, but, m addition, those sensitive to procarne
as well On the basis of data avarlable to us at this time thig
1s 2pparently not to be the case Lack of sensitization to pro-
caine peniellhin may be due to the slow release of procamne as
the drug breaks down 1n the tissues bringing about subjective
reltef 1n a manner similar to that produced by benadryl and
pyribenzamine Dresbach and Nai Chu recently reported! that
procaine faled to show protective effects agamst histamine
toxteity, anaphylactic shock and the Arthus phenomenon, and
alleviated some of the allergic symptoms by virtue of 1ts anal-
gesic effect, which prevented the prurtis usually associated with
penicillin sensitivity
As was previously demonstrated?® with other salts of pem-
alln, the toxicity of procame pemcillin 1s associated with the
catton, the procame portion of the molecule In mice the LDs
of procaine base was found to be approximately 1 06 milhigrams,
while that of procaine penscillin was found to be 2 45 mlligrams
On the basis that procamne 1t appr tely 40
per cent of the base the latter figure (245 mg ) would appear
to be within the imits of experimental error and that the toxaity
obgerved 1s due to the procame present
Similar results were obtamed n both dogs and cats with
nt or lar mjection Table 1 illustrates the
relative effect of Min and of p on a cat
anesthetized with phenobarbital




[296]

Table | !
PROCAINE_PENICILLIN __PHARMACOLOGY

EFFECT OF PROCANE PENICILLIN AND OF PROCAINE ON BLOOD
PRESSURE AND RESPIRATION IN THE CAT

FT NO 284
WT 23KILO Injection Substance Dose  Respiration B P Change
Bf’l‘;{"m’”g T Proc Pen ZmgAg  Normal F26mm
3-18-48 2 Pocone 21 ° "
3 " a2 v " - gmm
4 PocPen 24 *  Slawng +15 )
S Procane 4" “ -28
6 PocPen 36 " Fare Decd
R
£ -
P tinss s

|
|

o S e

Doses of 2.0 and 4.0 mg./kg. of procaine exerted little effect
whi!e 8.4 mg./kg. resulted in a fall in blood pressure accom-
panied by a slowing rather than a quickening of respiration.
Pro(':aine penicillin in a dose of 12 mg./kg. did not affect th
respiration but resulted in a blood pressure increase of 26
mllllfneters of mercury. Twenty-four mg./kg. caused a noticeable
slowing in the respiration but the blood pressure increase Wil
only about half that observed with the smaller dose. This dosé
corresponded approximately to the 8 4 mg./kg. dose of procain®
which resulted in a slowing of respiration accompanied by &
marked qrop in blood pressure, The administration of 86 mg./kg:
‘of procaine penicillin resulted in respiratory failure and death.

Ta}ble 2 illustrates comparative effects when graded doses of

procaine and of procaine penicillin are administered to the
phenobarbital anesthetized dog.
. In each instance the blood pressure fall accompanying admin-
istration of procaine penicillin was more pronounced than the
blood pressure fall accompanying injection of an equivalent dose
of'procan.,e a‘lone. The recovery period was delayed with pro
caine Pem'cillm in comparison with procaine alone.

When intramuscular injections of 300,000 units of procain®
penicillin in oil were made in the cat there was no demonstrable
effect on blood pressure or respiration. When an equivalent dose
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TABLE 2
UNE_PENCILLIN _PHARMACOLOGY

PROCA!
EFFECT OF PROCAINE PENICLLIN AND OF PROCANE ON BLOOD PRESSURE
AND RESPIRATICN 1N THE DOG

006 8 15
;N; 1039 Jnjechon Substonce  Pose  Respeaton  BFChange mmhg
100mm P Pocone  Smyk  Slow -4

3B 2 Pochn 12, Sow -20

3 Pocare 107 Sow -20

4 PocPem 247 VerySow - 38

s Procane 15° - - 26

§ PP 36°  FRopd -38

7 Focane 20 VeyRopd Fakure ond Death

R -~
£ i "
K - TR wrr]

of Procame m il was injected, however, a slow, prolonged in-
Crease i plood pressure occurred and respiration became very
shalloy
After the 1njection of procaine pencillin 1n o1l, urinary excre-
tion of pemenilin follows the same general trend that 13 obtained
Oninjection of pencillin itself On the basis of the data obtaned
Y two immvestigators, however, practically all, if not all, of the
Penicillin 15 recovered 1n the urine and for all practical purposes
100 per cent of the injected pemellm 18 recovered durng the
first 24 hours The results obtamed on from 11 to 13 determ:-
Rationg at from six to 48 hours are shown i Table 8, where 1t
"Will be noted that pemeillin was still being excreted 48 hours
after mjectson of 300,000 umts intramuscularly, and further-
More that 97 per cent had been excreted dunng the first 24
Yours The accumulative excretion figures n Table 3 indicate
20 excretion of greater than 100 per cent These results are
Probably associated with the inherent error n the biologcal
2383y procedure
The data upon which was based the claim that following the
Ijection of 300000 umts of procame pemecillm 1n oil, blood
Concentrations of pemeilln of 003 umts or more would be ob-
tained for 24 hours in at least 95 per cent of patients ingected,
Were obtained from 2 study of 400 patients by 10
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TABLE 3

PROCAINE-PENICILLIN
Average Ur pary Excret on of Pen ¢ Il n Follow ng 2 8 ngle I M Inject on of Pro-
cane pencllnin Q1 300 000 Un ta Compos te Data—2 Invest gators

Houry after Number of Av vol urne  Av U/m! Cumulat ve
1njection determ nations ml excret oo %

u 45 408 47

12 13 276 441 76

13 n 271 1 89

2% 1 301

30 n 400 53 104

36 n 383 42 108

4 11 297 43 112

48 13 in n 13

The results obtamned following the mntramuscular injection
of 300000 umts of procamme pemcilin i o1l are shown in
Table 4

It will be noted that 1n 49 patients an average blood level of
023 umts per m! was obtained at the 24th hour in 96 per cent
of the patients tnjected These results are typical of those ob-
tamed on preliminary trial of this drug However, apparenly
in the transition from pilot plant preparation of procaine pent
cillin to commeraial production of procamne peneillin 1n o1l some
modification of the procatne pemcillin took place It has been
found that there 1s a variation in the abihity of procaine pen!
cillin 1n o1l to produce blood levels at the 24th hour, not oy
from one manufacturer to another but within the lots produced
by individual manufacturers A number of lots of procaine pent
allin an ol from different manufacturers have boen tested for

TABLE 4 '
PROCAINL-PENICILLIN

Average Pen c lla Blood Leyels Follow ng Intramuscalar Inject on of 330 000 U
Procane Pen'c llnun O

o5 wth 0 030

Hours after No of
I

_wpecton _determ nations Av blood devel G e per

4 3 00
062 1

2 3 031 109
16 30 04 100
H ] 031 100
1 3 027 100
A 3 009 10
2 P % %
3 3 004 100
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their ability to prolong blood concentrations of pemeillin  Typi-
cal results obtained are shown in Table 5 where 1t will be noted
that as few as 33 per cent of the patients mnjected show 24 hour
blood levels following intramuscular mjection of 300,000 umts
of procaine pemeillin 1n ol with one lot, while with another
lot 1njected similarly, blood concentrations of penieillin at the
24th hour were obtained 1n 100 per cent of the patients injected
Studies have been made of the solubility of various manufac-
turers’ procamne penicillin in both water and o1l on the bass
that the solubibhty in these two substances might have some
effect on the blood level follow:ng the intramuscular mnjection
mto man No significant differences m solubthty 1n either water
or o1l 1 a study of 20 lots from 13 different manufacturers could
be demonstrated The solubiity of procaine pemcillin mn ol
appears to be msignificantly low while the solubility of procaine
penicillin 1n water of the lots studied averaged 6500 units per
ml with very little variation from one lot to another The rela-
tive density of procaine pemcillin manufactured by mne dif*
ferent companies was determined and no sigmificant differences
demonstrated Furthermore, the 1dentity of procaine pemeillin
as exhibited by the refractive indices have been checked on pro-
caine penicillin produced by 12 compames and the mdices 21,685,
B1,570 and y1 540 were obtamed tn all nstances From the

TABLE §
PROCAINE PENICILLIN

‘Typ cal Blood Pen ciltin Levels Followag In ect on of One M Conta n ng 300
000 U Proca ne Perc llim 11 O

7 wih 0 0%
Lot | Paene |—ooncilnbood levels Ut 424 hr level jor more a¢ 24hr
16he 20hr P v A
i 1 20 00 0o '
2 00 003 00
3 005 003 00
BRI A,
H % 0
6 24 012 006 3 3
2 on 025 02
% 012 025 01
3 012 012 012
4 012 012 02>
H 01 o1z o012
RN
5
i o 8 on 100 100
s ——



TABLE 6

PROCAINE-PENICILLIN

‘ypecal Penieillin Blood Levels Following Intramusculat Tajecnion of 300 000
B convailn an O—Tot 3 Particle Swe 81 165 Greater than 50 Mictons

0 03u or above
% at 24hr

Patient Pemcillin levels 1n blood

no 20he 24hr

1 05 10 009

2 'Y Q2 012

3 012 012 005

1 05 025 0125

5 05 0123 0l2,
3 025 025 015
Average 04 033 014 100

TABLE 7

PROCAINE PENICILLIN

Blood Pemcillin sz:h with Procaime-peniaill nin Oit 300000 u 1M Lot
Particle Size—T74 7% 50 Microns or more

— ——

Pauent U/mt 50 03u or more
Laboratary no at 24br
16hr 20br 24bt
G 1 6
2 2 3
3 2 2 5
4 6 6 5
H 2 6 3
[ 2 6 3
7 6 3
8 6 6 3
9 2 2 6
i) 5
1 6 3
1 1 6 3
13 2 6
N 2 3
15 25 2 '3
16 25 6 05
Average o1l 006 0026 e
F 1 3
2 it 1
3 7 3
H H 2
H 05 5
4 00
i3 %
2
? 2 5 0
Average 15 011 007 6%
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studies made 1t would appear that the procaine penmicillin manu-
factured by the various producers of pemcillin 1s 1dentical

Exammation of a large number of lots of procaine pemcilhn
m o1l has indicated that all would pass the requirements which
were established for penicillin in eil and wax concerning par-
ticle s1ze, namely that not less than 50 per cent of the total rela-
tive weight of the penteillin 1n the drug consists of pemailin
having a particle size not less than 50 microns in length Certamn
lots of procaine penieillin 1n o1l have been tested in the climic
to determine whether particle size of itself was an important
factor 1n the abiity of this preparation to prolong the blood
levels of pemierlin  The results obtained on two lots, which are
typical of the several tested, are shown in Tables 6 and 7

In Table 6 1t will be noted that lot 3, on mjection of 300,000
umts, resulted in average blood Ievels at the 20th hour of over
03 umit and at the 24th hour of over 01 umt per ml, and that
100D per cent of the patients tested showed 0 03 unit or more at
the 24th hour The particle size of this Jot was 81 2 per cent
based on the tion originally adopted for Ihn in o1l
and wax. In contrast to this, examination of lot 4 (Table 7)
by two laboratories resulted 1n blood concentrations of pemeillin
of 003 umt or more at the 24th hour 1n 54 per cent and 66 per
cent, respectively, of the patients injected with 300,000 umts
The particle size of lot 4, however, was 747 per cent, based
on the pemeillin 1n o1l and wax specifications, and this, on the
basis of the error mherent 1n this test, 1s not significantly dif-
ferent from the results obtammed with lot 3 (Table 6)

In Table 8 are summarized data from seven different mves
tigators

TABLE 8
PROCAINE-PENICILLIN
Average Blood Levels — Compos te Data From 7 Javest gators

how ng 0 03
Hours after Number of % 8|
n eetion determ nation A Uyt serom_ |Gt ot fhenser
100
¢ 18 o,
i 018 95
I 0121 932
B 013 672
b 015 77
1 007 712
0 006 31
¥ 002 27
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Each of the patients in this group was injected with 300,000
units of procaine pemcillin 1n o1l and blood determunations for
penicillin made from the sixth to the 48th hour It wall be noted
that approximately 78 per cent of the patients so injected had
blood levels of 0 03 unit per ml or more at the 24th hour Ap-
proximately 250 determinations were made at this hour It will
be noted also that 1n this table the marked change 1n blood level
toncentrations occurred between the 18th and 20th hours, since
at this fime the per cent showing blood concentrations of pent
eillin of 003 or more were 93 per cent at the 18th hour and
only 67 per cent at the 20th hour

DiscussioN

The evidence available on procane pentcilhin indicates that
1t is one of the most important developments made by the drug
industry since pemcillin was first produced 1n this country In
addition to the fact that procaine pemeillin prolongs blood con
centrations of pemcillin Jonger and at higher levels than any
other previously developed product, this drug has several other
advantages On mjection 1nto the muscle, procamne pemcillin
appears to be less painful than the injection of agueous solu
tions of sodum, or cal iin Ths lack of
pain 13 probably due to the slow release of procame which results
1 a local anesthetic effect In addition, the evidence availsble
indicates that we will obtan a marked decrease mn the number
of individuals sensitive to this drug over those normally fourd
sensitive to pemealin  Lack of senaitivity following injection
of procame pemcillin 13 probably due to the procane in the
procamne penicillin molecule, but the mode of ity action is not
clear at the moment Drewsbach and Nai Chu have reported
recently that procame 1s not active as an ant: allergic agent 11
certain forms of allergy, such as anaphylactic shock and the
Arthus phenomenon and that procaine 18 not successful 1n ned
tralizing the effect of histamine in guinea pigs These authors
however, state that procaine does act in a subjective manner
similar to pyribenzamune and benadryl 1n certain allergic states
In any case a3 a precautionary measure, mdividuals ngected
wath procaine pemserllin should first be tested for therr senst
tvity fo procnine, since 1n certun rare instances indviduals
sensitive 1o procaine may react violently to imjections of this
drug  Fortunately, the nsoluble nature of procame pemeilin
reduces the possibility of reaction to procaine, smee 18 slow
release and rapid destruction by the iver mitigates against the




possibility of violent reactions following injection of this ma-~
terial  Those individuals who are estremely sensitive to the
shmulant actton of procaine on the central nervous system are
reacily controlled by the common barbiturates Consistent with
the prolonged blood concentrations of pemeilhn produced fol-
fowing 1njection of procamne pemcitln 13 the prolonged excretion
of pemtedlin 1n the urime Followmg the deep intramuscular
imyection of 300,000 units of procaine penicitin in o1l, pemeilhn
may be recovered in the urine from two to four days Further-
mote, 1t would appear that practienlly all of the pemcilhn 1n-
Jected 15 recoverable n the urme The toxieity that may be
demonstrated 1n amimals for pemcilin 15 associated with the
protaine portion of the molecule and this may be demonstrated
by mntravenous injection of mice, rabbits, cats and dogs
Unfortunately, recent studies have indicated that the pre-
Iiminary outstanding results obtained with procaine penteillin i
oil have proven not ta be consistent in all lots of procaine pem-
allin 1n ol produced The evidence 13 that certarn lots of pro-
eaine pemerlin m o1l fail to prolong blood concentrations of
penichn to the extent orginally found on the prelimiary
batches of this product This discrepancy cannot be associated
with the density, solubilty mn water and o1l, or the erystallo-
£raphic 1dentity of the procaine pentcillin molecule The particle
812¢ of the procaine pemcilin utihized m the preparaton of pro-
camne pemerllin 1n o1l does not appear to be of the same sigmfi-
cance as the particle size of the pemeillin utilized 10 the prepa-
ration of penicilln 1 il and wax This mught be expected, In
view of the fact that these two preparations depend on entrrely
different phenomena for thewr efficacy 11 prolonging blood con-
centrations of penjcilin In the case of pemeithn in o1l and
wax prolongation of blood concentrations of penicillin 19 de-
Pendent upon a protective effect of the oil and beeswax utilized
28 a menstruum 1n this drug Protection of the pentcillin par-
ticlea 1n the oil and wax mixture 15 probably due to the hydro-
phobie action of the o1l and wax In the case of procaine peni-
aillm 1 o, prolongation of blood concentrations of pemeilin
Is agsociated mamly with the msolubility of the procane peni-
allin particles and the influence of the hydrophobic nature of
the o1l 18 probably munor in character It may be theorized,
since prolongation of blood concentrations of perseillin 15‘ de-
b upon the luble char: tics of procame 1
that the smaller the particle of procaind penicdllin, the more
rapidly 1t would be absorbed, since grester surface areas are
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exposed to tisgue fluids for the smaller particle size If thig is
true, 1t would follow that micro crystaliine procame pemcillin
would be relatively rapidly absorbed from an oil menstruum
and prol tion of blood trations of fin would not
pe obtaimed Some prehminary evidence along ths line hay
yecently been obtamned by one of the manufacturers® who has
shown that when a lot of procaine pemcillin in o contams 8
relatively large amount of “procaine penicillin dust,” such lots
fail to prolong blood concentrations of pemarihin matenally but
do show relatively high blood concentrations of pemcillin 1n the
early hours following intramuscular inyection Studies in our
laboratory have indicated that lots of penicilhin which do not
meet the standards for prolongation of blood concentrations of
pemeillin origimally set by this product are 1n the mmonty In
tensive investigations will be continued with a view toward
obtaimng the facts which will make 1t possible to assure chm
clans of a uniform and efficient product
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THE TREATMENT OF EARLY SYPHILIS WITH
PROCAINE PENICILLIN G IN OIL

By
Harold L Hirsh, S Ross Taggart, and Henry Welch*

As part of the study to evaluate the efficacy of procaine peni-
cillin G 1n o1l the treatment of early syphihs with this prepara-
tion was undertaken This pubhication is a report of the pre-
limimary results

The dose of procamne pemeillin G 1n o1l selected was 600,000
umts (2 cc) intramuseularly daily for & days for a total of
3000 000 umts Included in the study were 54 patients, 3 with
seropositive darkfield positive primary lesions, 20 with sero-
negative darkfield positive primary lesions, 27 with secondary
syphilis, and 4 with early latent syphilis These patients have
now been followed for a perrod of one to three months

The therapeutic results were evaluated on the basis of the
following criteria (1) d ance of Tr pallda
from lesions, (2) healing of lesions, (3) changes 1n serology
Six patients with chancres, who were examined 24 hours after
the nitial dose of 600,000 umts of procamne pemcillin G m o1l
showed & complete disappearance of the spirochetes from the
lesions at that time All the patients with primary or secondary

o0 Ang Al wad ot o1 e the period of time during

lowing the admmstration

. ronegative chancres, none

has developed positive serologies during the follow up period

All of the patients with positive serologies have shown progres-
sive decrease 1n the serological titers

The patients were followed carefully for the development of
Jansch-Herxhermer reactions Only two patients in the series
had findings which were suggestive of this type of reaction

None of the patients has had a local reaction or evidences
of hypersensitiity

A larger series of patients followed for a longer period of
time will be necessary before the value of this penicillin prepa-
ration can be adequately ascertained These prelimmary results
appear encouraging

i4
. town University School of Medicine the Baresu o
vener;x:ln;’:!h:u(z:o l‘Dtxesh'n:t of Columbia Health Deplrtmu;: and tl;; I-‘cood
and Drug Admumstration Federal Secunty Agency Washington,
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THE EFFECT OF HUMAN CEREBROSPINAL FLUID ON
THE DILUTION BIOASSAY OF PENICILLINS G, X AND K*

By
Harold A. Tucker

Numerous workers have been unable to detect pemeillin 1n
the cerebrospinal flurd of man after extrathecal admimstration
of the drug in the usual therapeutic doses Significant concen-
trations may, however, be demonstrated with some degree of
regularity 1n the presence of some forms of bacterial memngeal
irmitation?!, or when massive mtravenous dosages are given?
(See Dumoff-Stanley and her coworkers?, Schwemlen and
others¢, for detailed discussion) It 1s the purpose of this pre-
hminary report to pomnt out that human cerebrospinal flmd
exerts an inhibitory effect on the bactericidal activities of pem-
allms G, X and K m witro as determined by a serial dilution
bicassay method This effect 13 comparable in some waya to
that exerted by human serum®*, but differs m several important
respects Whatever the mechanism involved, the mnability fo
demonstrate even traces of penieillin 1n normal cerebrospinal
flud after 1ts admimstration 1n average therapeutic dosage may
be related to the inibitory effect of spinal flud on the bacterl
cdal activity of the drug

METHOD AND MATERIAL

Individual and pooled cerebrospimal flmd specimens obtained
from normal and syphilitic patients were used in this study
The syphilitic patients were either untreated, or had previously
received penicillin therapy for neurosyphilis, but in no case
more recently than 3 weeks previcusly Total protemn determina-
tions were carried out by a turbidimetric method (Klett-Sum-
merson) on several pooled specimens, and 1n no case did this
value exceed 50 milligrams per cent

The prineiple of the method here employed has been described
i a simular study on individual and pooled human sera®, In the
control assay, contaiming no cerebrospinal flmd, varymng amounts
of a pemeillin dilution 1n broth (08, 072, 06, 048, 04, etc),
were adjusted to a total volume of 08 cc with broth A 4 per
cent broth suspension of defibrinated human group O blood was

ev o eage .- - - o 1eta United
-, . .. . « raduste

- S o . «  slnthe
- . . - . - Eagle,

Directar
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wmoculated with the C-203 stramn of Streptococcus pyogenes,
05 cc was then added to each tube to serve as the hemolytie
indicator of growth The endpont was the tube containing the
smallest amount of pemcilin which had completely inhibited
hemolysis after 6 hours’ incubation at 37° C followed by 10 to
12 hours at room temperature

In order to determune the effect of cerebrospinal flud on the
results of this assay, dilutions of pemeithin in 96, 48, 24, 12 and
6 per cent spinal fluid were similarly distributed, and the volume
adjusted to 08 cc with the corresponding spinal flmd-broth
diluent (e g, one volume of 1 1,000,000 pemicilin 1 broth was
diluted with 24 volumes of 50 per cent spinal flnd to give a
1 25,000,000 dilution in 48 per cent cerebrospinal fluud  This
was distributed and the volumes adjusted to 08 cc by the addi-
tion of 48 per cent spinal fluid mn broth) In this manner a con-
stant percentage of cerebrospinal flmd was maintained 1n each
tube of the assay Finally, as with the control assay, 05 cc of
red blood cell suspension was added to each tube, this reduced
the concentration of spmnal flud by 5/13 (A8/08 4- 05) Thus
an mtial concentration of 96 per cent fell to 59 per cent, 48 per
cent to 295, etc, as mdicated m Tables I and II The amount
of pemicillin necesary to inhibit hemolysis m the presence of
varying concentrations of spinal fluid, compared to the amount
niecessary 1n 1t3 absence, provided a direct measure of the degree
to which the activity of the drug had been inhibited by a par-
ticular concentration of cerehrospmal flmd

RESULTS
The results of 11 determmations with each pemeillin studied
(G, X and K) are presented in Table I Sigmficant differences
were not found between individual and pooled specimens nor
id flmds obtamed from normal subjects differ demonstrably 1n
their mhibtory effect from those taken from patients with
untreated or malaria and/or pemeilln treated neurosyphihis
The results in the 2 groups were ther(;g‘ore ca;nbmed and the

urves are shown in Figure

res;let::g‘.::’\:rég;excund K praed identical in their suscephibility
to the mhibitory effect of spunal flud Further, the inhibitory
effect resembled that of human serum on pemeithns G and X
The effect of unheated human serum ont pemesltin K, however,
== & - &han that exerted by cerebrospmal fluid Thus,
the apparent activity
rasted to 86 per cent
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PERCENTAGE OF HUMAN GSF IN PENICILLIN ASSAY

INmiBrrory EFFECT oF HUMAN CEREBROSPINAL FLUD ON THE
IN VITRO ACTIVITIES OF PENICILLINS G X AND K

The abscissas are the percentages of spinal flud gressnt in the pent
allin_ assay before and after the addition of the red blood cell suspension
T) The are the mean t ties of

the pemeillins

for G and 40 per cent for pemerlin X, while 1n the presence
of 59 per cent spinal fluid, the values for the activitres of the 3
pemeillins were 55, 53, and 56 per cent respectively
Preliminary studies (not cited in the fables) have shown
that this mhibitory effect was not dimimshed appreciably by
heating at 100° C for 30 minutes, follawed by Seitz filtration of
the spinal flud Changes i hydrogen 10n concentration within
the range of pH 73 to 84, did not alter the effect As will be
deseribed 1n a following paper, when various concentrations of

the pemcillins were \ncubated 1n 96 per cent cerebrospinal fld
o A tacn af men alln ant by and
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TABLE It

Bffect of Human Cercbrospmal Flud on the Bioassay of Pemailt ns
G, X and K Interpolated corrective facrors

(After Table I Fsgure 1)

Percentage of spinal flud
Amount of apmal SO B
Buid (s 1otal befare addit after addit Correeyive factors
volume of 0 8 c¢) 1on of red cell 101 of red {means) forptn
12 wndicator tube suspens on cell quspen ellns G Xandh*
of astay * sion
whale
[UR:4 flusd, 00 61§ 18
07 111 75 54 17
96 113 3 46 16
05 116 2 5 385 16
Q4 12 0 3 13
03 125 75 23 14
02 13 1] 158 13
015 14 9 13 12
010 18 0 & 11
<0 10 1164 <=7 <5 10

* Smallest amount of pemeillin which 1n a total vplume of 0 8 c¢, kb ted

cﬂ:‘lpfelzfy hemolys s of humag red cells by the C-203 straw of Sirep #50*
genes

#* Factors by which the apparent conesntration of penioflia 1n 2 particularcon
centrat on of $pinal fluid must be muluphed to compensate for the inbib tofy
effect of the fluid on the assay

DiscussioN

Although the nhibntory effect of human serum on the bioass®
of_ pemallin has been ascribed, at least i large part, to the
binding effect of the plasma protemns (partycularly of the albu-
run fraction)?, such # mechapsm does not, explam the sumlar
property of spinal flmd For pemaillins G and X, the smhybitory
effect of cerebraspinal flmd was only 15 to 20 per cent less than
that of serum whle the total protein contents differed by 2 factor
of 10060 300-fold Further, heat-caagulation of the protesn and
its removal by means of Seitz filtration, did not modify appre:
cuably the inhibitory effect Tinally, the fact that pemcillits
incubated 1 cerebrospinal flud, progressively lost activity, sus”
gested that there might be actual destruction of pemcillin BY
some a8 et umdentified mechamsm sumlar to that observed 18
the case of serum® Further studies are in progress and will e
reported subsequently

From the practical standpoint, it becomes feasible to correct
the results of bioasways on human cerebrospinal fluid for the



[311]

nhibrtory effect exerted by the fluid, provided only that we know
the concentration of spinal flud i the indicator tube of the
assay In Table II are given corrective factors by which the
apparent pemcillin content should be multiphed m order to
compensate for thus mhibitory effect Since the curves for
penicilln G, X and K did not differ sigmificantly (Figure 1), the
same corrective factors apply to all three species The correc-
tions are significant only when the final concentration of spinal
flurd (after the addition of the red blood cell suspension), ex-
ceeds 7 @ per cent  These findings are of interest primanly to
the investigator concerned with the pharmacology and mode of
action of penictlin - For the physician, the uncorrected concen-
trations may be more useful since such values probably more
nearly represent the bactericidal activity of a given penieillin

The experimental data here reported may explan, at least in
part, the discrepancy between the apparent failure of pemeillin
to penetrate into the cerebrospinal fluid 1n man, and the profound
therapeutic response frequently obtained 1n, for example, neuro-
syphilis  They suggest that effective concentrations of pemeillin
may well be present, hut not demonstrable by current w witro

thods of b, b of the inhibitory effect of cerebro-
spinal flmd atself on the assay

SUMMARY

Human cerebrospinal flud exerts 2 hitherto undemonstrated
hibitory effect on the bactericidal activities of pemenllins G,
X and X m vitro, as determined by a serial dilution bioassay
method

This effect 13 the same for the 8 spectes of pemeitiin studied,
and 15 comparable m magnitude with that exerted by human
serum on penieilli G and X (not peniellm K) Preliminary evi-
dence suggests that protein hinding 15 not the sole or even an
important, mechanism nvolved, butbth:xtl ::fx:u:imy be actual

lin by the cerebrosp!

deséz‘;i:&?vszsi?;:: ia\nre };abulated which compensate for the

mhibitory effect of human cerebrospinal fluid on the w 1itro

bioassay of pemeilhns G, X and K.
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ORAL ADMINISTRATION OF BACITRACIN

By
Glenn C Bond, Milton J VanderBrook, Jean L Wiley,
and Mary Ann Nook*

Baaitracin, as defined by the Food and Drug Admimstration
18 the antibiotie substance or substances produced by the growth
of the “Tracy 1” stran of Baeillus subtibis ‘This material 18
now being produced on a pilot scale and has been made avails
able for study by a few commereial firms Several reports have
been published regarding the efficacy of thia antibiotic, when
administered topically or systemically, but information concern-
g oral use of the antibiotic 13 very meager

The purpose of this paper 13 to present a preliminary report
of the findings following oral admimstration of bacitracn t
dogs Results will concern the effect of bacitracin on the ntes-
tinal flora, and bacitracin levels 1n the feces, blood and urine

Scudi, Clift and Krueger in the Proceedings of the Societv
for Experimental Biology and Medicine, May 1947 report that
following the oral admmistration in dogs of 3,000 u and 6000
u of baaitracin per kg body weight, no detectable bacitracin
was found 1n the blood stream, nor was any found in the unne
during the 24 hours after administration of the antibiotic Fol
lowing oral admimstration of 1,600 u per kg body weight to
2 dogs, less than 5% of the oral dose was recovered in the stool
From these findings they concluded that the antibotic was
largely destroyed in the ntestinal tract

Dr Frank Meleney has reported the use of oral bacitracin 1
conjunction with systemic ad ation, in the treatment of
a case of colitis  Clinically good results were obtained

* Research Laboratories The Upjohn Company, Kalamazoo, Michigan-
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Six dogs have been studied by the following procedures All
dogs were put on a umform diet several days preceding and dur-
mg the experiment Bacitracin in solution was adminmistered by
stomach tube twice daily, at 8 30 A M and 4 30 P M The
amounts given varied from 2,000 u /kg body weight per day to
20,000 u /kg body weight per day Heparimzed blood samples
were taken at 1 and 2 hours, after adminmstration of the morning
dose of bacitracin Fecal specimens were obtamed by means of
a fecal hook each mormng before the admimstration of bacitracin
and 1n 4 of the 6 dogs 24 hour urine samples were collected The
dogs exhibited no gross change in activity Body weight was
mamtamed and appetite as measured by food consumption was
not affected

To study the effect of bacitracin on the intestinal flora, a pro-
cedure was used similar to that used by Poth for the study of
the effect of sulfonamides and streptomy on the nt 1
flora of dogs

A portion of each specimen of feces was diluted 1-10 with

5% K S0; We have shown that in optimum proportions baci-
tracin 1s 1nactivated by K,S0s After standing for 30 mnutes
at room temperature tenfold serial dilutions ;n saline were carried
through 10, and samples from these dilutions were seeded nto
the test media

To determine the relative percentages of Gram - and Gram —
or , fluid thioglycollat d. was moculated and incu-
bated 48 hours at 37° C Smears were made and examuned to
determtne the highest diluton at which Gram positive and Gram
negative orgamsms were found

The presence of fecal streptococc: was determined by mnocu-
lating tubes of sodizm azide medium, 1neubating at 37° C for
48 hours Direct smears were made from all tubes showing
growth and examined for the presence of streptococer

Anaerobic agar was moculated and heated to 80° C for 15
mimutes, incubated 87° C for 48 hours to determine the presence
of spore forming anaerobes

To determune the number of coliform orgamams, poured plates
of eosin methylene blue agar were prepared

Fecal, blood and urine specimens were assayed for bacitracin
by the method described by Bond and Nook 1n Science, Feb 27,
1948 A hemolytic streptococcus was the test orgamsm and the
standard bactracin 18 that supphed by the Food and Drug Ad-
mmstration
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Fig ! Etfact of Busitrocin sa Fecal Stropfacacs:

The effect of bacitracin on the intestnal flora of dogs maY
be seen in the following figures and tables:

Fig. 1 shows the effect of bacitracin on fecal streptococet
At the dosage level of 2,000 umts per kg. per day, there 18 3
marked varation in total count with the lowest count on the tast
day of treatment At a dosage of 10,000 u /kg per day the count
drops abruptly and goes to zero on the 5th day of treatment
When treatment is stopped there 18 & rapid rise, so that normal
levels nre reached in 8 days The 20,000 u treatment curve is
mmilar to the 10,000 u except that treatment was stopped of
the third day which was too saon to allow the count to drop t0
zero,

Fig 2 shows the effect of bacitracin on the spore formng
anaerobes The results are comparable to those found for the fecal
streptococer A 2,000 u dose decreased the count but the Jevel
does not remain constant during the course of freatment Both
the 10,000 u dose and the 20,000 umt dose produce an immeduate
and rapld drop 10 zero and remarn there until cessation of treats
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ment At that time there 1s 2 rapid and sharp rise to normal
levels within 2 to 3 days

Fig 3 expresses graphically the relative per of Gram-
positive and Gram negative orgamisms with a dose of 10,000
u /kg per day The pre-treatment samples show a greater inex-
dence of Gram-posttive organisms, but within 24 hours after
treatment 1s started there 1s a shift so that the Gram negatie
orgamsms predominate during the course of treatment 24 hours
after cessation of treatment the ratio 18 back to the normal rela.
tionship The figures 1n the graph are highest dilutions at which
the organisms are found

No sigruficant change was noted 1n the coliform organisms

Table 1 shows the amount of bacitracin per gram of feces
At the 2,000 u dose, the feces of one dog contamed measurable
amounts of bacitracin 1 8 of 4 days and for 2 days after cessa-
tion of treatment The other dog on the 2,000 u did not show
measurable levels until the last day of treatment and the first
day after treatment had stopped With 10,000 u both dogs showed

f bacitracin persisting 1 to 3 days after cessation.
g:’:::i::e‘::s :v.u_ ©A AANA nnits hnth Anee ehareod ook ¥ Von~,
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bacitracin for the 8 days of treatment snd persisting for 2 days
after treatment It was not possible to determine the total bacl-
tracin 1n the feces,

Table 2 shows the blood levels expressed as umts of bacl-
tracin per cc of plasma which were obtained following the oral
admimstration of bacitracin, 2,000 u /kg. per day 13 not sufficrent

TABLE I
Fecal Level of B Pollowing Oral Ad: Expressed a0 Unita of
Baatracia per Gram of Feces
Trestment Period Post Treatment
Dose Pre 3
u/kg/day Treatment Dayl 2 3 4§ Dayl 2
2000 [ 0 S50 3 119 60
2000 0 0o o o0 o 1 £ 0.
S S O LA
10,
20000 0 750 750 150 70 80 4
20000 0 900 8501000 130 9
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dosage to produce detectable blood levels 10,000 u /kg per day
produced levels of simlar magmtude i 2 doys 1 hour after
adminmstration  ‘The 2 hour levels in all cases are lower than
the 1 hour level and 1n one 2 hour sample no bacitracin could be
demonstrated No levels were found 24 hours after cessation of
treatment With 20,000 u /kg per day the plasma levels were
higher 1 all cases than with 10,000 umts Again the 2 hour levels
were lower than the 1 hour and no bacitracin could be demon-
strated 24 hours after cessation of treatment

In Table 8, urine levels of baamtracin are given for 4 of
the 6 dogs studted The urine was collected at 24 hour intervals
and assayed 2,000 umts daily gave very low and irregular re-
sults With 10,000 umts a defimite urinary level was found for
each day of treatment and for 3 days following treatment 022
umts per cc of urine was the highest level obtained at this
dosage The two dogs on the 20,000 unit dose showed high uri-
nary levels for the 3 days of treatment and in one case de-
tectable levels persisted for 2 days post treatment The highest
level obtammed was 165 u /cc of urine

From the smnll series of amimals receiving oral bacitracmn,
the foll P ficant facts were obtained.

1 Fecal streptococe and spore forming anaerobes are greatly
reduced 1n the intestine at a dosage between 2,000 and 10,000
u /kg per day

2 Cohform orgamams are little affected by baaitracin

8 Bacitracin persists in the feces as long as 3 days following
cessation of treatment

4 Baatracin 15 absorbed from the intestinal tract as evi-
denced by significant blood levels 10,000 u /kg per day 1s sufll
cient to produce blood levels as hugh as 085 u /cc of plasma 1
hour after admimistration

5 Additional evidence of absorption was obtained by the
finding of igh levels of bacitracin in the urine The highest
obtamned with 10,000 umts was 22 u /ee and with 20,000 units

165 u /ec of urine
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THEERAPEUTIC ACTIVITY OF BACITRACIN IN RABBIT
SYPHILIS, AND ITS SYNERGISTIC ACTION WITH
PENICILLIN A PRELIMINARY REPORT*

By
Harry Eugle, and Ralph Flewschman®®

Bacitracin is an antibiotic present in culture Hitrates of B
subtihs® In a previous report from this Iahoratorys it was shown
to he actively trep dal i vitro agamst the non pathogenie
Reter stram  Concentrations of 0004 umts per cc prevented
growth, and 01 unit per ec Yalled 99 9 per cent of the orgamsms
within 48 hours Agamnst the pathogenie 7' pallidum in wo,

oses as small as 72 umita/kg given stramuscularly caused the
temp disappearance of the orgamsms from rabbit testseular
chancres® (It may be noted parenthetienlly that this dossge
provides plasma levels comparable to those effective agamst
the non pathogenic Reter strain 1n vitro 1n both rabbits and
man the plasma concentration remarny mn excess of 01 upit per
e for approximately 2 t0 8 hours, and m excess of 001 unt
per ce for approximately § 4o 8 hourst ) At this small dosage
Bowever, the regularly y ed 1n the lesions day?
Weeks or even months after the njection, and 1t required single
doses of 5000 umits/kg and more to effect the permanent healing
of the primary lesion

The present paper 1s » preliminary report on the therapentic
actisty of batifracin 1n rabbit syphilis when aqueous solutions
ere myected sniramuscularly once daily for four days Forther,
data ore guen which suggest a remaykable synergutic achon
between pentciliin and bacstraein The relatiely small numbers
of ammals make the results of qualitative rather than quanti
tative sigmificance The synergistic nction was neserthelest
striking, and the incomplete data are reported at this time
becanse they inducate the desirabihity of a chimieal trial of baclk
tracm and penicillin used 1n combimation i the treatmest of
human syphilis

METRODS AND MATERIALS The method of evaluating cure it
the treated rabbits by lymph node tmngfers to normal ammals

* This paper ia taken almost verh ens, {Pree
Soe, Exp Biol ang HMed) e from & peper o o s

2o From the Laboratory of Experi les of The U 5.
Public Health Service Perimental Thergpeutles of vt
Poblic Health B-ﬁ'imm.‘“ﬂ.’,}‘gn{,"’m’ Hopkinz Sehool of Hyglene
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4 to 6 months after tr has been ad ly described
m previous reports from this laboratory4s

The bacitracin used was obtained from the Ben Venue Labo-
ratories, Bedford, Ohio, and the various lots assayed at 18 to 41
umts per mg , while the penicillin was a commercial preparation
of crystalime Pemeillin G, generously supphed by the Commer-
cial Solvents Company (Lot No 46042605, assaying at 1500
units/mg } The dosages of perucilin indicated 1n Fig 1 and
Table I were adjusted for 1667 umts/mg (111 mg admimstered
mstead of 1, ete)

Adqueous solutions of the two drugs were injected into the
muscles of the thigh, on opposite legs, within 2 minute of each
other, and the injections were repeated once daily for 4 days

EXPERIMENTAL RESULTS Table I lists the proportion of am-

mals cured by various dosages of bacitracin, used a) erther
alone or in combmation with total dosages, or b) 1, ¢) 4, or
d) 16 mg /kg of pemcilin G 'The dosage of pemeillin G which
used alone cured 50 per cent of the ammals on this schedule of
treatment had previously been shown to be on the order of
(approximately) 40 mg /kg® The last 2 vertical columns of
the table give the CD , dosages of bacitracin, caleulated by the
Miller Tainter method® The standard error of those CDso values
18 of necessity large because of the small number of anmals,
the trend 1s nevertheless clear On this schedule of treatment,
approximately 9200 umts/kg of bacitracin was necessary to
cure 50 per cent of the ammals (CD,) When as liitle as
1 mg /kg of pemcillm was simultaneously admimstered the
curative dose of bacitracin was reduced from 9200 =2200 to
1280 == 310 umits/kg In other words approxumately 1/40th of
the CD,, dose of pemeilln and 1/7th of the CDx dose of baci-
tracin were curative when used 1 conjunction Further mcregse
1n the dosage of pemeithn, from 1 to 4 to 16 mg /kg C?;;% t‘"
progressive decrease n the dosage of bacitracint Irom esi ntg
840 to 480 umts/kg In Fig 1, the top dotted b]me fve::; beacx-
what the curative dose of bacitracin would have been

apeutic action
tracin and pemicillin merely additive 1mn E‘l:*’;:'ﬂ:‘e:“a] data devi-

synergistic
bacaitracin,
», markedly

reduced the amount ot the secotid UlUp setesaly 20T CUre
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THERAPEUTIC ACTIVITY OF BACITRACIN IN RABBIT
SYPHILIS, AND ITS SYNERGISTIC ACTION WITH
PENICILLIN. A PRELIMINARY REPORT*

By
Harry Eagle, and Ralph Fleischman®*

Bacitracin is an antibiotic present in culture filtrates of B.
subtilist, In a previous report from this laboratory, it was shown
to be actively treponemicidal in vitro against the ‘non-pathogenic
Reiter strain. Concentrations of 0.004 units per cc. prevented
growth, and 0.1 unit per ce. killed 99.9 per cent of the organisms
within 48 hours, Against the pathogenic T pallidum in vivo,
doses as s ™ 29 th e ebemmereanlesle sanced the
temporary + . " P -
chancres?., PR Lo .
provides plasma levels comparable to those effective aganst
the non-pathogenic Reiter strain in vitro: in both rabbits and
man the plasma concentration remains in excess of 0.1 unit per
ce. for approximately 2 to 3 hours, and in excess of 0.01 unit
per ce. for approximately 6 to 8 hours®.) At this small dosage,
however, the organisms regularly reappeared in the lesions days,
weeks or even months after the injection; and it required single
doses of 5000 units/kg. and more to effect the permanent healing
of the primary lesion,

The present paper is a preliminary report on the therapeutic
activity of bacitracin in rabbit syphilis when aqueous solutions
were injected intramuscularly once daily for four days. Further,
data are given which suggest a remarkable synergistic action
between penicillin and bacitracin. The relatively small pumbers
of animals make the results of qualitative rather than quanti-
tative significance. The synergistic action was nevertheless
striking; and the incomplete data are reported at this time
because they indicate the desirability of a clinical trial of ‘bac-
tracin and penicillin used in combination in the treatment o
human syphilis.

METHODS AND MATERIALS. The method of evaluating cure i2
the treated rabbits by lymph node transfers to normal animals

* This paper {s taken almost verbat ress (Proe
Sce. Exp. Biok ant Medy thatim from & paper now in P

** From the Lab of 1Ty ttes of The U. 5,
Public Health Service and ne and
Publis Health, mmmar:,"mgﬂn{fhm Hogking Sehool of Hrete




HERXHEIMER REACTIONS IN PENICILLIN
TREATMENT OF SYPHILIS IN PREGNANCY

By
Jack H Bowen, H N Cole,J R Drwer, Riuchard C Laght,
and John R Rauschkold,

wn collaboration with M H Gustafson, Burt Held', J M
Aham, Manly Utterback, and A E Walker (Department of
Dermatology and Syphilology, Western Reserve Univer-
sity)

From October 1943 to early 1947, using varying dosage forms
of perucillin, there have been four cases of congenital syphihis
among 151 active cases of syphilis 1n pregnancy Two unques.
tionable cases of fatal foetal or pl. tal Herxh react
occurred It 13 believed mn acute syphilis complicating preg-
nancy, that under these conditions there should be either a few
days prelmmary treatment with bismuth or small doses of an
arseneal or of pemicillm 1n low dosage before regular pemellin
therapy 1s instituted

Such a large number of the mothers relapsed after delivery,
(forty four), that 1t 1s obligatory to have a monthly physical
and serologic check up until such a time as they have been com-
pletely normal for one year

THE TIME COURSE OF THERAPEUTIC IMPROVEMENT
IN NEUROSYPHILIS

By
George D Gammon and John H Stokes
(Penicillin Panel, the University of Pennsylvania)

An analys:s of the time at which abnormal spinal fluids revert
to normality has been made on 2 portion of our case material
which includes the various types of neurosyphilis except paresis
and taboparesis One group of 142 treated May, 1945 to Octo-
ber, 1946 was given a umt dosage of 4 8 million umts of mxed
pemeillin admimistered 1n three ways 48 1n 8 days, 48 1n 16
days, and 24 1n 8 days repeated 1n 4 months The other group
of 72 was given G pemcillm 9 6 mlhon um‘fs (2 fe\vl4.8 million)

When estimated as lative p e normal,
the two 4 8 groups move along 1dentical curves to reach 70 and
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72%; the 2 4 repeated group to 52% The curve for the latter
18 conuistently lower throughout the 214 years The ecurve of
the G group appears to be following that of the 24 group, only
about 35% have become normal

BIOASSAY OF PENICILLIN BY THE MOUSE-RABBIT
TECHNIQUE

By

Payl D Rosahn, Boris Gueft, and Catherine L Rose
{Department of Pathology, New Britain General Hospital)

Ten days following the sntraperitonal inoculation of mice with
rabbit syphiloma matenal, they were treated by intramuscular
mjections of pemcillm, the total caleulated dose being divided
mto erght equal daily mjections In the first experiment, sodum
pemcllin was assayed Groups of muce received from 4,000 to
64,000 units per knlogram of body weight, the treatment haviag
been begun 45 days after noculation Three months later the
lymph nodes from each mouse were removed and pooled the
resulting emulsion bemng moculated ina single rabbit, one mousé
to ane rabbit The rabhts were then observed for the develop-
ment of darkfield positive lesions Of 45 mce so treated, 44
were shown to be failures as evidenced by the production of
darkfield positive lesions 1n the sub inoculated rabbits With
pemcilbm X the treatment schedule varied from 4,000 to 128 000
units per kalogram of body weight Two such experiments were
conducted In the first there were 44 failures out of 46 muce
In the second there were 33 failures out of 37 mice These fail-
ures occurred at all dosage levels including the highest Ina
subsequent experiment, two mice were treated with 24 million
umts of pemicrllin X All of these mice were {reatment successes
indeeating that the €Dy for pemeithn X n the mouse 13 some
where between 128,000 umts and 2 400 units per kilogram Cur-
rent experiments are berng pursued with peruerilin X, penucithn
G and sedium pemciihin, but the results are not yet avasable
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PAROXYSMAL HYPERTENSION ASSOCIATED WITH
TABES DORSALIS REPORT OF THREE CASES

By
I L Bennett, Jr, and Albert Heyman
(Grady Memorial Hospital Emory Umiversity
School of Medicine)

This paper describes the chinical and laboratory findings 1n
three patients who developed paroxysmal hypertension asso
ciated with tabes dorsalis  Although this syndrome was de
seribed mn detail by Barker and others 1 1910 1t has received
little attention m recent medical literature  One of our patients,
and another reported from the Mayo Chimie were subjected to
unnecessary surgical exploration of the adrenals for suspected
pleochromocytoma The exact mechamism of the production of
paroxysmal hypertension 1n these cases 13 not completely under
stood but 1t 18 apparently another of the disturbances of the
autonomic nervous system that occurs in this disease along with
postural hypotension and tabetic bladder Ifs recogmtion 13
mportant not only m the management of tabes dorsalis but
also 1 avoiding needless surgical exploration of the adrenal
glands

THE THERAPEUTIC EFFICACY OF PENICILLIN G IN
EXPERIMENTAL SYPHILIS PRODUCED BY FIVE
DIFFERENT STRAINS OF TREPONEMA
PALLIDUM

By
! Carpenter
Ruth A Boak and Charles &
(Department of Bacteriology and Public Health
Unnversity of Cahfornia m Los Angeles)

herapeutic efficacy of pEmz‘I}Im G has

rams of Treponema Tidum to
been made ont:‘: :[:gifg;;«tms in trerr resistance to the drug
determune whe de Two of these stramns haie been carred 1m
can be detecte years the others have been 1solated more
rabbits for many 1ts suggest that the strains maintained longest
recently The;;il;“hat more resistant to treatment with penicil
{:1 r?:::sﬂ?:i trains more recently established 1n rabints

A. comparison of the tl
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PENICILLIN TREATMENT OF NEUROSYPHILIS

By

J Lamar Caellaway, Swdney Olansky, Arthur H Flower, Jt

and Vitor R Hirschman, Department of Dermatology
and Syphilolopy, Duke Umversity Hospital

Two hundred sixty-nme pattents with syphihis of the central
nervous system have been treated with penteilin and followed
for 8 rummurm of one year Ninety-six patients had asymplo-
matic neurosyphils §4 achieved good resulis, 14 were nnm
proved, and 28 were lost from observation Seventy-seten
patients had general paresis, 40 obtained good results, 19 were
ummproved and 18 were lost from vbservation Twenty five
patients had general paresis 40 obtamned good resulis, 19 were
patients had tabo-paresis 1 obtamed good results, & were ul
mproved and 9 were lost from observation Thirty-two patients
were seen With tabes dorsalis of whom 13 showed satusfactor?
xmtprovement, 6 were unimproted and 13 were lost from obser
vation

PENICILLIN IN CARDIOVASCULAR SYPHILIS

By
Joseph Edetken and Mortimer S Falk
(Penicithn Panel, the Unnersity of Pennsylsantt)

Fufty patients with cardiovascular syphilis were {reated with
sodium pemicsthn 1n aqueous solution n total dosages ravgE
from 12 to 96 mullson Oxford umts Only 4 patients in the
series had recewved metal chematherapy within a 8 months per
prior to pemiciiin | There were 23 with proven uncomphat®
aortitis, 20 with aortie insufficiency, & with aorhe aneurssms
and 2 with both aneurvsms and aortic wsufficiency &

Seven patients expersenced transient febrile reactions (%9
1024°)  There appeared to be no relationship betweem 9
amount of pemcillin n the mitial dose and the oceurrence of &
febrile Herxheimer

Pre-pemeiltin studies on all patients 1ncluded thorough P9
eal exymnations orthodiagrams, and electrocardrograms More
than half of the group (25 patients) slso had electrocardiOsre™t
at approumately 3-day mtervals during the course of treatmet}n
Electrocardiographie changes were noted during treataent
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eight patients—no over all conclusions are warranted but the
findings are given 1n detail 1n the body of the paper

In no mstance were the pemeillin injectrons mterrupted or
discontinued because of untoward reactions One patient, a
69 year old male with aortic msufficiency and aortic aneurysms,
experienced a recurring attack of cardiac asthma on the third
day of pemicillin therapy The dose per mmjection was reduced
from 40,000 to 10,000 Oxford umits for the next 48 hours, and
we were able to complete the prescribed course of treatment
without further untoward reactions

Five patients with aortic regurgitation and one patient with
aortic regurgitation and aneurysm were 1n congestive failure
on admssion Pemeillin was given along with the measures for
counteracting d it Treatment was well tol d
and the patients left the hospital improved

Therapeutic paradox, the phenomenon most feared mn the
treatment of cardiovaseular syphilis, did not occur n any of
our cases
It 1s too early to determine whether penieiliin will have a

1 effect 1n cardl lar syplubs However, an attempt

18 being made to follow these patients in the Outpatient Clime

THE FATE OF WASSERMANN ANTIBODY PASSIVELY
TRANSFERRED BY INTRAVENOUS INJECTION
OF PLASMA INTO HUMAN SUBJECTS

By
Thomas W Farmer and Mark M Ravich
(Venereal Disease Division, The
Johns Hopkins Hospital)

Each of 16 patients with negative serologic tests for syphilis
was transfused with 500 ml of pooled non infectious plasma,
obtained from donors with positive serologie tests for syphilis

FR
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s after injection Since this serologic response 13
wn;hx;fx?s gziy 1t does not reprecent a vahd objection to the use
g? glasma wnth’a positie serologie test for syphilis i the blood

bank plasma program
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THE TREATMENT OF ASYMPTOMATIC NEUROSYPHILIS
IN THE WHITE MOUSE

By
Harold J Magnuson and Barbara J Rosenau
{The Unnversity of North Carolina School
of Publhic Health)

3 1

Trypa and p Ihn have been assayed
agamst asymptomatic neurosyphilis in the white mouse The
Dy of tryparsamide and mapharsen are in exvcess of the maxe
mum tolerated dose, whereas pemieillin (as erystalline G 1n POB)
given daily for four days has & CDye of approxzmately 32,000
units per kilogram

CARDIOVASCULAR HERXHEIMER REACTION OR
COINCIDENCE?

By
B W Mazwell
(Washington University Climcs)

This 15 a case report of a 44 yenr old white man who was ad

mutted to the hospital tose, from septic
{probably 1) s I diately after entry
pematihin therapy was mmstituted witn ndiadual doses of 56000
units of Hin ad ed mt larly every

three hours  On the second hospital day his STS was reported
s positive and additional history then obtamable indicated that
he had untreated syphilis of about 16 years duration At the
end of 48 hours, & total of 700 000 umts of penicillin had been
admimstered and the patient’s temperature was returnng 19
normal At that time a sudden paroxysm of coughing oceurred
folloned by profuse hematemesis and death

At autopsy a severe degree of syphiitic aortitis wmtolied ol
most the entire aorta  Rupture mto the esophagus had taken
place through o plaque of syphilitic aortitis at the aortic arch.
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ACUTE SYPHILITIC MENINGITIS A COMPARISON OF
PENICILLIN WITH ARSENO BISMUTH THERAPY

By
Oswaldo A Parde and Thomes W Farmer
(Venereal Disease Division, The Johns Hopkins Hospital)

In the present mvestigation, the treatment of acute syphilitic
meningitis with pemieillin 1s compared with other methods of
therapy

Eighteen cases of acute syphihtic meningitis have been
treated with penicilln m doses rangmg from 600 000 to 10,000,-
000 Oxford umts for periods of 7 to 25 days The period of post
treatment observation was from one to four years In 5 of the
18 cases the course was unsafisfactory, and the patients were
retreated Among the five failures were two patients with
neurorecurrence and three with dark field positive muco cutan
eous relapses

Twenty seven patients with acute syphilitic memngitis treat
ed with ar; therapy and foll d for perieds greater
than one year after treatment were available for comparison
Four of the patients also received inoculation malaria as a part
of their first course of therapy The period of follow up obser-
vation varied from one to nineteen years In 9 of the 27 cases
the results of treatment were not completely satisfactory One
patient developed recurrent syphilitic meningitis 4 months after
treatment was started Five of the cases had persistent cere-
brospinal fluid abnormahities after large amount of treatment,
two of these five patients also had persistently positive serologic
tests for syphihs Three patients had persistently positive sero-
logic tests for syphilis with normal findings 1n the cerebrospinal
flud
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THE PRESERVATION OF HUMAN PLASMODIA BY
FREBZING

By
George M Saunders and Virgil Scolt
{Washington Unnversity Chnues)

The purpose of this paper 13 to report the successful preser-
vation of human malaria parasites by low temperature freesing
Although the preservation of both avian and monkey plasmodia
had been described, there had heen mo report of success with
human plasmodia unti our prehminary paper m Suence,
105 300, {Sept 26, 1947)

As of the present writing, 14 patients have been successfully
anoculated with bleod contaming human plasmodia preserved
for periods ranging from 3 to 129 days by rapid freezing at
temperatures of -50° to -70° € Successful preservation has
been obtazned with each of two stramns of P vtvaz, and, alihough
the freezing process results in almost complete hemolysis of the
blood and donsiderable alteration in staimng morphology of the
parasites, no serious mmediate reacticns ocenrred in the reapt
ents and the incubation periods 1n these patients were not unduly
prolonged (10 to 22 days)

The results to date indicate that low-temperature freezing is
a prachical method of long term preservation of human plas-
modia both for use in therapeutic malaria and for preserving
strains for expermmental purposes
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A COMPARISON OF TREATMENT RESULTS UTILIZING
CRYSTALLINE PENICILLIN G IN THE TREATMENT OF
PATIENTS WITH EARLY SYPHILIS INJECTIONS EVERY
TWO HOURS VERSUS INJECTIONS EVERY
THREE HOURS

By
Arthur G Schoch (Dallag Syphibs and Venereal Disease
Chmic and the Southwestern Medieal Foundation)

A series of almost 500 patients with early mnfectious syphilig
was divided into two groups, one 1t which m)ections of pemerllin
were given intramuscularly every two hours, the other group
treated 1n similar fashion every three hours The over-all perrod
of treatment was the same for both groups, namely, seven and
one-half days The most sigmficant observation 1s that the re-
treatment rate among those treated every three hours wag four
times as high as among those freated every two hours

PROCAINE PENICILLIN IN SYPHILIS

By
Virgd Scoit
(Washington University Chimic)

A study of procame penieillin (Duracillin, Lﬂ]y) has been n
progress since early December of 1947  As of Fep 1, 1948, 40
patients with various types of active syphilis, boty, early ang
late, have been started on treatment using thiy Matersal nlope
1t 18 our preliminary mmpression that 1t 1s highly eflective thora

1cally and nentoxic
pe‘:lt‘wo x‘};glmens have been used—1) 600,000 untq sem weekly
for TV weeks, a total dosage of 90 milhon umits, 9) €00.009
umts semi-weekly for 10 weeks, a total dosage of 120 mﬂ'I e
1ts
uni Therapeutic efficacy —Of the total treated, 1p Petients had
darkfield positive early syphibs  All were darkfielg Tegative on
their second elinie visit, three days after their y,
Eather darkfield follow-up has been obtained op 4 tients aftor
mtial injections of 300,000 umts, alltot whom ere darinda
negative at the time of t)heu- first post-treatmeng d‘“’kﬁeld Pl
n (18 to 24 hours).
lna‘t{gth (three exceptions, all patients have heg, treateq on a7
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ambulatory basis  The 3 hospitalized patients included one each
of paresis, primary optic atrophy, and gumma of the biver Al
of these had febrile Herxhemmer reactions after mmtal injections
of 300,000 units In the patient with late hepatic syphilis the
temperature rose to 40° T seven hours after the mshtution of
treatment

Toxiwcity —Pre treatment testing for procaine hypersensiimty
has been routinely performed For this purpose 2 per cent pro-
came solution has been used, 0 1 ¢c being injected intradermally
and 06 cc (10 mgms ) intramuscularly  Although three pa-
tients showed dermal sensitivity to procaine, none exhibited any
generalized reaction following mtramuscular testing The de-
velopment of procamme hypersensitivity during the course of
treatment has not been observed In one patient, generahzed
urticaria appeared after the fourth snjection of procaine penctl
lin  When tested, she was shown to be sensitive to crystalline
pemcitlin G but not to procamme

LYMPHOGRANULOMA VENEREUM OF SUPRACLAVIGU-
LAR LYMPH NODES, WITH MEDIASTINAL LYMPHA-
DENOPATHY AND PERICARDITIS, PROVED BY
ISOLATION OF THE VIRUS

By
Wealter B Sheldon, Margoret Wall, Jokn DeR Slade,
and Alvert Heyman
(Grady Memorial Hospital, Emory University
School of Medicine)

Ths 1s a report of a young Negro patient whe was admitted
because of a pertcardial friction rub, and roentgenographic
tration of mediastinal lymphadenopathy The only other
significant physical finding was a single large supraclavieuiar
{ymph node Histologic examination of this node revealed
pathologic changes typieal of active lymphogranuloma veneresm
Hyperglobulinemia, a positive Frei test, and a smignificantly high
titer of complement fixing antibodies for lymphogranuloma
venerum were demonstrated Another supraclavicular lymph
node appeared several weeks later Histologic examination of
this also showed active lymphogranu’oma venereum A VIFus




was 1solated from this lymph node by intracerebral 1noculation
into mice and was 1dentified as the agent of lymphogranuloma
venereum It seems reasonable to assume that the mediastmal
lymphadenopathy and the pericarditis were also eaused by this
agent Thorough studies revealed no evidence of other etwlogy

A COMPARISON OF THE CUMULATIVE FAILURE RATES
OF SEVEN DIFFERENT SCHEDULES OF RAPID
TREATMENT OF EARLY SYPHILIS WITH
PENICILLIN ALONE OR PENICILLIN
COMBINED WITH OTHER DRUGS

By
Evan W Thomas

At Bellevue Hospital the cumulative failure rates of seven
different schedules of pemcillin therapy alone, pemecilhin com
bmed with arsenoxide, and 11 bimed with ar: d
and bismuth are so smmilar that we must assume that all were
about equally effective To analyze the results of the various
schedules I have divided the patients in each sertes into four
dragnostic groups (1) seronegative primary syphilis, (2) sero-
positive primary syphilis, (38) secondary syphilis, and (4) re-
treatments of infectious relapses or reinfections

Table I gives the statistical results of the seven different
schedules of therapy for each of these groups Obviously the four
diagnostic groups 1n each series are not comparable in the num-

1 oo * impor-
1 1n the
P er cent
of the so-called fatlures are actually reinfections, we should have
a comparable number of reinfections in each of the four groups
If, on the other hand, most of the so-called farlures are actually
relapses, we would expect 2 much higher percentage of failures
i the secondary groups than in the seronegative and seroposi-
{ive primary groups Actually there 1s a difference between the
cumulative farlure rates of most of the seronegatie primary
groups and those of the secondary groups, but the differences
between the failure rates of the seropositive primary and sec
ondary groups are not significant, With most of the treatment
schedules, the highest failure rates are found in the groups
treated for secondary syphilis but in one of the pemiailin G
series the seropositive primary group has a higher failure rate




Grel Arn{ & ghe1 “BTY)
e
u cp | opar | S mf 06 H 43 1 sS.EoE.:_:wM

> e3d £ 003 009
e pateasl, AuRd 403

(233

(sv61 9 6L 49N}

baueyd

ey, sud 7 gur (2908

908 wHE b 000307

wy 7wy £ 000907 1
e pavasy, suard Sril

¥ 3¢ 411 s | 6% 8t 7§ os0T

|

ayeyg 2sn] UBHE { PREIL, ayeyf vun| MRpEy | PAREALL fayey sanjasnge] | patERLL, syey) sandnped | pRTAYL dn woy
e o] pauss fiaqun] | { €2 AN poasst (RQWNN Hiing 3un pIAI isquinyy Mred 31a panss 33quUaN 102 J0
—eawndf 80 JO enng| <90 17 raaed] 40 % fewnd) 40§

iaqusn quan soquan lraquanng

TR Asepuoasg Kvwug 2vasodong Areuzn g SanrIacelag
a0 sasdepay snott
Sau] Jo NUIAEIY

461 g gInwL, dn so10L

SDNYA HAWLO HIIA QENIEROD NITTIOINGd q0 ANOIV NITHOINGA HIIA SITIHI 1§ AUV 40 INEW
~LVAYL g1V 80 SATNAINOS ANTEEILIQ NFATS 40 SELVE FEOIIVL GALLVINNAD HL 40 NOSTAVANOD

1 @1avL



¥ eI

¥

14

44

(eF61 "2unf o1 gkgr “Ayngy
(3360,
0630 B9 7 b n gey g)
D v 1 090 003 &
fun paseaiy s grz

98

(44

¥

(£F61 *2unf o1 9gg1 4inf)
(s350p
0939) w19 ¢ b 0 g gv)
D [y 1} 000 008 +
Yua parediy, nudnieg (17

[§14

€81

¥

k218

IA 43

Jas

(LK61 2unf 01 9561 4inf)

(vasop
0639 1117 b 193307)
Quypawag 1000 00
@1 pusty wusneg 52

o1

451

91

(2861 "2unf o1 96 4inf)
(320p
0939} sy ¢ b 8000 OF)
9 oL ) 000 00
im parasy, siuaneg 97

st

¥

81

V9

£t

J et

£inf 03 9351 “gauT)
syynalts g § pue vaseyd
TN swd 7¢ c.?umo_v

0940} s14 ¢ B 1040 0F)
wi| 230 1) 00 00¥ ¢
QU PAITRLY RIUIE 077

(ponunuod) T FTAVL



1340}

than any of the other groups in the series As a matter of fact
among the patients treated with pemicillin G the fatlure rates
for the seropositive primary and secondary groups are almost
dentical

This observed fact can be interpreted 1n one of two ways
(1) There 1s no difference between seropositive primary syphihis
and secondary syphilis with respect to relapses after treatment
or (2) the incidence of remnfections 1s approximately the same
following treatment in both groups

I think the second nterpretation 1s probably nearer the truth
than the first A careful review of the histories and chimeal find-
1ngs of the relapses or reinfections observed at Bellevue Hosputal
has convinced me that over 50 per cent were probable reinfec-
tions From a statistical basis the only sigmficant factor favor-
ng relapses over reinfections 13 the fact that the majority of
infectious relapses or remnfections have occurred within the first
s1x months after treatment Possibly this observation can be
explained by the fact that patients are reinfected by contacts
whom they had infected prior to their orginal treatment, but
the fact remains that many fewer relapses or reinfections are
observed after six months of follow up than during the first six
months

The steady rise in cumulative farlure rates with each year of
follow-up can be explained by the decreasing number of patients
kept under observation and the occasonal reinfections which
have occurred more than two years after treatment I think it
improbable that early syphilis relapses two or more years after
treatment and, 1n my opimon, all of the infectious cases observed
more than two years after rapid treatment of early syphilis at
Bellevue Hosprtal were reinfections The cumulative failure rates
for the series treated with 1,200,000 units of penteillin and 032
gm arsenoxide are based on a follow-up period of at least two
years for all observed patients and for three years after that
particular schedule of therapy was started For a 17 month4
follow-up, which would be comparable to that of the pemeilin G
series, the cumulative failure rates of the 1,200,000 units of pent-
eillin and 0 32 gm arsenoxide series are as follows- Seronegative
primary syphilis 14.6 per cent, seropositive primary syphilis—
20 4 per cent, secondary syphilis—244 per cent, and retreat-
ments-—18 8 per cent These results are not as good as those
of the penicillin G series but statistically the differences are not
sigmificant
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AN EVALUATION OF PROCAINE PENICILLIN IN
HUMAN GONORRHEA B

By
Harold A Tucker, Mark T Hoekenga, Minerpa S Buerk,
Oswaldo Pardo and Irving Fien
(Venereal Disease Division The Johns Hopkins Hospital)

On the basis of studies 1n over thirty patients with proved
gonorrhea, procame penicillin appears to be more effective than
pemictllin X or G m aqueous solution

EVALUATION OF ROENTGENOGRAPHIC EXAMINATION
IN THE DIAGNOSIS OF INFANTILE
CONGENITAL SYPHILIS

By
H Stephen Weens and Albert Heyman
(Grady Memorial Hospital Emory University)

Roentgenographic studies of the long bones were performed
1 a group of 60 infants 1n whom the diagnosis of syphilis was
established Bone ct dered pathog for syphi-
11s were found 1n approximately 70 to 80 per cent of all patients
The criteria for establishing the roentgenographe diagnosis of
wnfantile congenttal syphilis are evaluated The ncidence of
pathognomonic bone lesions varies considerably with the age of
the infant The bone lesions 1n the relapsing cases of congemtal
syphilis are also discussed In addition roemtgenologic bone
changes observed in heahing are described and evaluated
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