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I. INTRODUCTION

N

Thé éresent investigation is concerned with certain
aspects of positive reactions given by serologlcal tests for
syphilis with nonsyphilitic sera. As is well known, all
‘tests for syphilis give, under various conditions, positive
reactions in the absence of this disease. These reactions
are common with certain animal sera and less so with human
sera, and have been encountered by many investigators in
their studies of, or in their endeavors to improve upon the
dependability of tests for syphilis. 1In view of the practical
importance of these tests as aids in the diagnosils of syphilis,
every effort has been made to reduce nonsyphilitic reactions to
a minimum. This effort has led to considerable success in re-
ducing the number of nonsyphilitic reactions in serological
practice, but has resulted in the accumulation of relatively
little experimental data concerning these reactions. In this
thesis, an attempt has been made to investigate nonsyphilitic
serological reactions as a distinctive biologic phenomenon.

The experiments are presented in four garts. Part One
is concerned with factors affecting the flocculation (Kahn) re-
action with nonsyrhilitic human and animal sera. Four fac-
tors were studied: 1) Effect on the degree of flocculation
of variation in temrnerature at which reactions'ﬁéfeikarried

out. Three temperatures were employed; namely, 37°C., room



. temperature (21°-24°C., occasionally hilgher during summer
months),»énd 1°C. 2) Effect on flocculation of variations
in the state of the serﬁﬁ—;mployed, ji.e., whether unheated
or heated at 56°C. for 30 minutes., 3) Effect on floccula~ - —
tion of variation in the sensitivity of the antigen em-
ployed. “%4) The use of serum protein fractions in place of
the serum in the reactions. Combinations of these effects
were also studied.

In Part Two, an attempt has been made to investigate
the fixation of complement by serum-antigen (Kahn) mixtures,
employing both animal and nonsyphilitic human seré. Serum-
antigen mixtures were used in which flocculation was obtained
at 1°C. but not at 37°C. Two aspects of the problem have
been considered. The first was whether these mixtures at 37°C.,
which ;ere free from floccules still possessed the capacity to
fix complement. The second aspect studied wis whether serum-
antigen mixtures were able to fix complemen. after the floc-
cules had been dispersed by heating at 56°C.

In Part Threé, investigations have been directed to
flocculation reactions at 37°C., room temperature and at
1°C. with certain animal sera (rabbits) during their growth
period., The fact that mature rabbilts give especially marked
flocculation reactions at 1l°C., raised the question és‘to

whether young rabbits, generally seronegative, might give



reactions at 1°C. Serological reactions in youﬁg animals are .
also consldered in relation to the.pfoblem of antibody forma-
tion‘in the young. |

| Part Four 1s also concerned with serologlcal reactions
at 37°C., room temperature and at 1°C. gliven by rabbits. The
problem iﬂ#estigated has been to détermine to what extent
serological reactions of rabbits at these three temperatures
are affected by inoculation of the animals with Spirochaeta
pallida. It is knowm that in human syphilis the pattern of
serological reactivity at the three temneratures 1is different
from that shown by nonsyphilitic animals (Kahn, 1940). It
was therefore desired to findimﬁmhep the serological pattern

of the rabbitsAwould change following infection with syphilis.



II. NONSYPHILITIC SEROLOGICAL REACTIONS -
HISTORICAL REVIEW

Nonsyphilitic serological reactions obviously can-
not be considered apart from serological tests for syphllis.
Indeed, the development of complement-fixation and floccula-
tion tests for syphilis has carried with it the growth of the
problems of ﬁonsyphilitic reactions. Many reviews discuss-
ingﬂgge historical aspects of tests for syphilis have been
written (Bruck, 1911; Wassermann, 1921; Browing, 2t al. 1924;
Bruck, 1924; Bruck, 1931; Sachs, 1931; Klopstock, 1933;

Kahn, 1925, 1942; Eagle, 1937; Wicks, 1939; Vogelsang, 1940).
In this review an attempt will be made to stress the evolution
of knowledge concerning nonsyphilitic serological reactions
and means which have been described for the recognition of

such reactions.

1. Nonsyphilitic Serological Reactlons
with Human Sera

By nonsyphilitic serological reactions are meant
reactions which result in flocculation or in fixation of
complement, in a test for syphilis, with a serum obtained
from a nonluetic source. Such reactions are often referred
to as "nonspecific." Attitudes toward these reactions,

in the serology of syphills, have varied from time to time.



Mohr (1941) states: "Opinion as to the specificity of
serological tests for syphilils, since their first introduc-
tion in 1906, has passed through two periods and is*tell on
its way into a third. For the first ien to rfifteen years.

it was generally thought that positive results might occur
in relation to many diseases other than syphlilis, and there
is a vast literature reporting "false positive" reactions in
cases of almost every known disease. In the following two
decades the pendulum swung in the reverse direction. It was
generally felt that, except for the results in yaws, leprosy,
malaria, infectious mononucleosis and perhaps one or two
other‘conditions, serological tests for syphilis were amazing-
ly specific. Technical errors excluded, when positive ré-
sults were obtained either in the case of an apparently
normal person or in the case of one with a clearly non-
syphilic disease, these results were regularly assumed to

be due to assoclated asymptomatic syphilitic infectlon.

"In more recent years doubt has again been throsn on
thespecificity of serological tests for syphilis. There 1s
now considerable evidence, not only that positive results
may be produced with varying frequency by a number of diseases
other than syphilis, but that even nonsyphilitic, clinically

normal persons may occasionally yield serum that give bio-

logic false positive reactions."m



Kraus and Volk (1906), speaking of the first
publiéation by Wassermann, Neisser and Bruck (1906) of
the successful application of the Bordet-Gengou phenomenon
of complement-fixation to the serodiagnosis of syphllis,
claimed that they had previously done unsuccessful work
along these lines. This lack of success they belleved was
due to the inability of any complement-fixation procedure
to detect circulating antibodiés in the blood stream with
any degree of consistency. They had obtained positive re-
actions in the absence of the diseaée and negative reactions
in the presence of the disease. Michaelis (1907) also re-
ported two positive complement-fixation reactions and one
weakly positive reaction in a small series of 26 non-
syphilitic patients.

Bruck (1911) has summarized the literature on non-
syphllitic serological reactions through 1910. He re-
viewed the work of 33 authors. According to these authors,
4377 nonsyphilitic patients showed negative reactions and
57 showed positive reactions. " Bruck found 2 of 596
nonsyphilitic patients who showed false positive reactions.
It iﬁs generally agreed'at that time that yaws, trypanosoma
infections, Leprosy,'ﬁalaria and Scarlet fever would show

high percentages of positive reactions in the absence of
syphilis. |



Evaluations of serological tests such as those
summarized by Bruck have continued to the present day.
More dependable evaluations however have resulted from
the "Serological Conferences" sponsored by the League of
‘Nations Health Organization (1923, 1928, 1931) and the
United States Public Health Service (1935, 1941). It has
been shown by these conferences that false positives occur
in appreciable numbers. The first League of Nations Con-
ference (1923) included 885 nonsyphilitic control sera.
Boas reported 5 (0.6%) and 3 (0.3%) false positive re-
actions with the Sachs-Georgl and Sigma reactions, respec-
tively. The second, and more elaborate, conference of the
Organization (1928) included sixteen serologists. Seven of
these performed complement-fixation tests and n%ne performed
flocculation tests. A total of 435 noﬁsyphilitic sera were
examined., False positives ranged from 29 (5.5%) to O; false
fdoubtfuls® from 40 (9.0%) to 1 (0.2%). The American
serological conferences have elicited similar information.

'As noted by Mohr, (1941) reports in the literature
on the occurrence of false positive reactions in practically
every known disease as well as in normal human beings are
relatively numerous. Eagle (1937) has summarized much of
this literature. Among recent reports of tpis type, the
following may be mentioned: Rothbart (1937) reports false



positives in 12 children suffering from acute or chronic
infections. Krag and Lonberg (1938) give an account of
clinical findings in 53 cases of nonspecific Kahn and
Waésefmann'reagtions observed among 120,000 examinations of
patients with no sign of syphilis.— Berstein (1938) reports
6 of 37 cases of infectious monomucleosis exhibited transi-
tory poéitive reactions. Chung and Chang (1939) report

7.95 per cent of 88 patients with relapsing-fever showing
positive reactions. According to Lane (1939), 8 of 56
employees of the Civilian Conservation Corps with previously
negative serological reactions, deVeloped positive Kahn re-
actions from 4 to 8 days after showing clinical signs of
measles. Crawford and Ray (1939) report that 14.3 per cent
of 335 positive Hinton flocculation reactions obtained on
admission of 2,862 patients to the Massachusetts General
Hospital were false positives. Kitchen, Webb and Kupper
(1939) report that 30 nonsyphilitic patients inoculated
with malaria developed positive flocculation and complement-
fixation reactions some time after inoculation. According
to Beck (1939), 6 of 496 (1.2%) nonsyphilitic patients showed
posltive reactions in a complement-fixation test in which
spirochetal antigen was employed. Kahn (19402) reports 10
patients with various diseases other than syphilis, showing
false positive reactions. Lynch, Boynton and Kimball
(1941), report that 43 (16%) of 263 cases of vaccinia



developed positive reactions in various tests for syphilis.
The above may be looked upon as representative reports, but
they represent only a minority of the publicationg on false
poéitives which have appeared in the literature since 1937.
’ This section on false positive reattions given by
human beings might be summarized by stating that, although
our present knowledge concerning these reactions 1is fragmen-
tary, they appear to exist in significant numbers.

2. Nonsyphilitic Serological Reactions

With Animal Sera.

The original‘Bﬁbervations made by Landsteiner, J
Mlller and P8tzl (1907b, c) with the complement-fixation
test on positive reactions in normal rabbits have been
repeatedly confirmed both by complement-fixation and
flocculation procedures. With regard to flocculation re-
actlons, the first observation concerning positive results
with animal sera was reported by Sachs and Georgi (1923)
in rabbits. This finding was confirmed by Mackie and Watson
(1926) who used rabbits as ﬁell as other animals. Kemp,
Fitzgerald and Shepherd (1940) have summarized the litera-
ture on serological reactions given by animals. From the
data obtained by different authors, certain tentative con-

clusions may be drain:

1) The sera of certain species of mammals and birds
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and the pressed out Juices of certﬁiﬁ‘plants (Breazeale,
Reusser and Breazeale, 1941) yield positive flocculation
and complement-fixation reactions. Percentages of posl-
tive reactions in any species vary widely with different
investigators (Kemp, et al., 1940).

2) Reptiles and amphibians tested have almost in-
variably been found to be seronegative.

3) No phylogenetic relationship exists between the
species studied and the serological reactions obtained.
Fregs and monkeys are persistently negative, whereas animals
such as sheep, horses and goats are positive in a high per-
centage of instances.

4) The range of quantitative titers (Kahn) encountered
in animal sera is relatively low (O to 160), while the range
of gquantitative titers encommtered in syphilitic sera is
relatively broad, reaching 1000 units or more.

3. Efforts to Differentiate Nonsyphilitic
from Syphilitic Serological Reactions

a. Methods »nroposed by Wassermapn and Citron, Sachs
and Georgi, Witebsky, Rytz. The presence of numerous

serologlcal reactors among a number of anlimal specles has led
some Investigators to attempt to serologically distinguish
the animal reactions from those exhibited by syphilitic in-

dividuals. Others have attempted to distinguish between
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true positive reactions and those occasionally encountered
in normal persons or in individuals infected with othef
diseases such as malaria, trypanosomiasis, measles, etc.
The first effort of this type was that of Wassermann and
Citron (1922). Their method was based on experimental ob-
servations (data not given) which led these investigators
to believe that the M"antigen-antibody" aggregates formed
by the reaction of syphilitic serum and extract antigen
could be "broken" by filtering through very fine Kieselguhr
filters. If the aggregates were associated with syphillis,
the antigen was retained in the filter, while the active
serum fraction passed through the filter; on retesting,
the filtrate plus antigen would be found to fix comple-

ment. Normal human sera or sera which were not derived

from a syphilitic source did not fix complement followlng
such treatment. This procedure, to our knowledge, has not
- been further evaluated.

Sachs and Georgi (1923) described a procedure which
they believed would distingulsh between true and false
positive reactions in rabbits. To 1.0 cc. of inactivaéed
blood serum is added 8.2 cc. of N/250 HCL; the mixture 1is
centrifugated and the sediment discarded. To the super-
natant fluid, 0.8 cc. of 10 per cent NaCl solution is added
and the final product is examined with the Wassermann test.

Gloor and Klinger are cited by the authors as having shown



that it was unnecessary to neutralize the weak acid solution
before performing the complement-fixation test since the
precipitated protein draws the acid dqwn with it. Sachs_and
Georgl reported that syphilitic rabbits give positive
Wassermann reactlons with this procedure while nonsyphilitic
rabbits give‘negative reactions.

This method is apparently not applicable to floccu-
lation procedures since it involves a 1:10 dilution of the
rabbit serum. Such dilution was reported by Walker (1927)
to so weaken the serological reactivity of seropositive
norﬁal rabbits as to render them Kahn-negative. Mahoney,
Bryant and Pichard (1930), in a study of 179 rabbits of
which 54 per cent were seropositive, found only two animals

"which gave reactions in a 1:10 dilution with the Kahn test.
Furthermore, according to Wakerlin and Carrol (1925) and
Kemp, Chesney and Poole (1926) experimentally infected
syphilitic rabbits show a decrease in titer which may result
in negative serological reactions on 1:10 dilution of the
serum within 20-24 weeks after infection. The value of the
Sachs and Georgi procedure in complement-fixation tests has

: 1
not been reported upon with regard to human beings.

lThis procedure has been found to be satisfactory in
the treatment and use of anticomplementary human sera in the
complement-fixation test (XKolmer, 1940; Gold, 1940). The di-
lution factor 1s overcome by the use of 1.0 cc. of the HCL
treated serum which is equivalent to the 0.1 cc. amount used
in the usual procedure. However, as the dilution factor can-
not be corrected for in a flocculation procedure, the test

amounts to determining the reactivity of a 1:10 dilution of
the serum.
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It may be of interest to digress at this point
with reference to the problem of nonsyphilitic serological
reactions in rabbits, which is in a highly controversial
state. It has been claimed that such reactions differ from
syphilitic human reactions in several aspects; 1) The
rabbits reactions are comparatively "labile," being elimin-
ated if the Sachs-Georgi HCL (1923) procedure is employed
(Blum, 1924); 2) These reactions are assoclated only with
the euglobulin fraction of the serum protein (Mackie and
Watson, 1926), whereas syphilitic reactions are apparently
associated with both the euglobulin and pseudoglobulin frac-
tions (although the data show that syphilitic human sera of
low titer also showed reactions with euglobulin fractions
only); 3) The reacting substance in rabbit sera 1s thermo-
labile to a greater extent than that in syphilitic sera
(Griffith and Scott, 1920).

Conflieting data throw doubt on the validity of
these differences in the reactivity of syphilitic human
and nonsyphilitic rabbit sera. The fallacy in the use of
the Sachs-Georgl HC1l procedure in flocculation tests has
been considered above. Sherwood, Bond and Clark (1939)
have found that the reactive portion of beef, sheep, horse,
rabbit, guinea pig, dog, hog, and chicken sera 1s present
in equal concentration in the euglobulin and pseudoglobulin
portions of the inactivated serum. It should be noted that
Mackie and Watson used the CO, fractionation method, while
Sherwood and his co-workers used Howe's Na SO4 fractionation
procedure. Finally, Mackie and Watson (19%6) found non-
syphilitic rabbit sera fully as stable to the effect of heat
as were syphllitic human sera.

Eagle (1932) has claimed that nonspecifically re-
acting rabbit sera will also fix complement in the presence
of "almost any colloidally dispersed 1lipid suspension, in-
cluding some which have not the slightest reactivity with
human syphilitic serum, such as egg lecithin, milk lipoid,
sheep red blood cell 1lipoid, or cholesterol." But these
experiments include results obtained with only nine normal
rabbits and nine sera of syphilitic humans of which the
data of one experiment are shown. Again, it has been claimed
that the majority of these Wassermann-positive rabbit sera

- show entirely negative flocculation tests (Bachmann, 1922).
The results of many investigators (Kemp, 1940; Hoag and
Leven, 1932) contradicts this claim.
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Before returning to the discussion of other efforts
to differentiate nonsyphilitic from syphilitic serological
reaetions we might summarize this brief discussion on non-
syphilitic serological reactions in rabbits by adding that
1ittle is known concerning the relationship of these rabbit
reactions to the reaction in syphilis.

Witebsky (1931) described a procedure for distin-
guishing between positive reactions given by rabblts

inoculated with Spirochaeta pallida from positive reactions
given by rabbits injected with syphilitic serum—antigen
mixtures containing floccules. The technique is as follows:
A serum is examined with a flocculation test. The tube
containing the formed floccules is placed in a water bath
at 56°C. (time not specified). The floccules are washed

20 to 30 times with saline, then suspended in Saline, the
tube heated at 56°C., and centrifugated while contained in
a water jacket at 56°C. The supernatant fluid 1s tested
either by flocculation or complement-fixation. Positive
findings indicate a specific reaction. The dilution error
is allowed for by replacing the aqueous supernatant fluid
with a volume of saline egual to the original volume of
serum. The procedure was claimed to be avplicable to the
determination of the specificity of serologic/iﬁactions
given by human beings. This publication was followed by a

more extensive article (Witebsky, 1933). The procedure

-
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was somewhat modified. nCitochol" or Kahn antigen is em-
ployed. To 1.0 cc. of serum 1is added 0.5, 0.25 and 0.125
ce. of antigen suspension properly diluted. The mixture is
shaken vigorously and incubated in the cold room overnight.
On the following morning the tubes are centrifugated for

10 minutes at high speed, and the sedimented floccules
washed three times with ice cold saline. The volume is
replaced to 1.0 cc. with saline and the tube heated at 56°C.
for 30 minutes. Centrifugation at high speed in water
jackets at 56°C. follows. The supernatant fluid is then

tested as previously described, i.e., by complement-

fixation or flocculation. Witebsky stated that the rmeaction
did not distinguish false positive reactions occurring in
trypanosoma infections or in malaria.

D'Allessandro and Sofia (1933) further modified
the procedure by adding a small amount of formalin to the
saline when washing the floccules. These authors found
that they could separate the reactive portion of syphilitic
sera giving positive flocculation and complement-fixation
reactions from the reactive portions of the same sera giving
positive complement-fixation reactions in tuberculosis and
gonococcal infections. However, they were not able to dif-

ferentiate positive reactions in syphilis from those given
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by patients with malaria and by one patient with typhoid
fever. Biéf and Trapp (1941) mocified the Witebsky pro-
cedure by taking the washed floccules up in 10 per cent
saline solution before heating at 56°C. They were unable to
distinguish between positive syphilitic and leprosy sera by
their method. No further publications concerning the method
have appeared. »

Rytz (1939, 1942) has described a differential method.
Serums used must not contain hemoglobin. To 0.1l5 cc. of the
serum is added 0.3 cc.. . of a 2 per cent COpﬁer sulfate solution;
The contents are mixed and centrifugated at about 2000 r.p.m.
for five minutes. To 0.1l5 cc. of the sdpernatant fluid is
added 0.05 cc. of half saturated ammonium sulfate solution.
After thoroughly shaking, 0.03 cc. of Rytz antigen emulslion
is added to the tube. The tube is then shaken and ceﬁf?i?ﬁgated
at about 2000 r.p.m. for five minutes. After centrifugation,
2.0 cc. of distilled water is -added to each tube. The tubes
are slowly inverted twice and recentrifugated. The super-
natant fluld 1is discarded, the tubes allowed to drain for a
moment or two, then placed upright and 1.9 cc. of 1:20,000
solution & potassium oxalate in distilled water 1s added.
Tubes are allowed to stand at room temperature for 15 minutes

and then read for degree of flocculation. According to Rytz,
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only syrhilitic sera show flocculation. No reports other

than that published by Rytz have appeared in the literature.

b. Use of Splrochetal Antigen (Mohr, Moore and Fagle;

Gaehtgens) . It has been suggested (Mohr, Moore and Eagle, -

1941 ) that the complement-fixation test with spirochetal
antigen (Pallida reacﬁion of Gaehtgens) might serve as a
procedure for differentiating syphilitic from non-syphilitic
serolorical reactions. Beck (1939), however, reports 1.2 per
cent false positives in 500 control sera using the Reiter

~ strain of cultured spirochetes; 1,8 per cent with the Kasan
strain; 1.7 per cent with the Kroé straln and 4.4 per cent
false positives with a mouth spirochete strain. Eagle,
”ﬁﬁgan,‘gz al. (1941) report complete lack of specificity of
spirochetal complement-fixdtion tests in the case of posi-
tive serological reactions assocliated with malaria. Capelli
(1939) revorts lack of specificity in nonsyphilitic leprosy
patients. Vogelsang reports (1940) 1.2 per cent false
positive reactions with spirochetal antigen (Gaehtgens) in
1587 nonluetic sera. The studies of Kolmer, Kast and Lynch
(1941a) are especially significant. These authors cultured
KReitert's strain of nonvirulent spirochetes and used 1t as
entigen in complement-fixation tests. They found that these

gave positive reactions in malaria and in leprosy in the



absence of syphilis and also in a high percentage of normal
sera (13.5% of 260 sera). They suggest that these reactions

are due to a natural antibody to Spirochaeta macrodentium

and Spirochaeta microdentium which may be present 1ln many

human beings.

Gaehtgens (1930) claimed that nonspecific "pallida"
reactions were usually thermolabile (62°¢ - 63°C. for 30
minutes), while syphilitic sera were thermostable and would
react in the complement-fixation test with the spirochetal
antigen after being heated at this temperature. Thesé
findings could not be confirmed by either Hoeltzer and
Ssuschkowa (1930) or Eagle .and Hogan (1940).

c. Differential Temverature Method Proposed by Kahn.

Kahn (1940) has described a differential serologiééiAbroce—
dure (verification test) based on the observation that
syohilitic sera show optimum flocculation at 37°C., while
nonsyphilitic sera show optimum flocculation at 1°C. The
procedure is similar to that of the standard Kahn test
except that it is carried out at 37°/and 1°C. Xahn has
limited thls procedure to the diagnosis of latent (asympto-
matic) syvnhilis. Some recent clinical studies (Mohr, Moore
and Eagle, 1941; Chargin and Rein, 1941; Jacobsthal, 1941)

indicate some promise for this method.
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1) Effect of Temperature on Serologiocal Reactions.
In view of the fact that temperature studies p1a§ a major
role in this thesis, it seemed advisable to present a brief
review of some previous studies on the relation between
temperature and serological reactions. |

The effect of temperature on serological reactions
in vitro»can be broadly considered from at least two points
of view: (1) the effect of temperature on the reaction when
the reactants are treated for definite periods precedling
and/or following mixing, and (2) the effect of temperature
on a reaction in which the components have not previously
been exposed to temperature-time rélationa known to affect
their serological reactivity. These two factors can each
be further considered as to the effect of temperature on
the product of the interaction of the reactants. This plan
has been used as a general, nonrigid, approach to the dis-
cussion of findings of different experimontefs.

The recognition by early workers of baptericidal
properties of unheated whole blood (Nuttall, 1883), and of
blood serum (Buchner, 1890), which could be destroyed by
heating at temperatures which brought about no visible
changes:ip these fluids, are among the first studies con-
cerned with the effect of temperature on immunological reac-
tions. Fodor (1887) had found that whole blood\of a rabbit
inoculated with a culture of anthrax baciili, allowed to



{ncubate for 10, 30, 60, and 120 minutes had an inhibitory
effect on the growth of these organiéhs in direct relation
to the length of incubation. This effect was demgnstrated
in gelatin culturea.l |

Nuttall (1888) found thet the defibrinated whole
blood (at 38°C.) of mice, rabbits, plgeons and & ram wes
pactericidal for anthrax bacilli. The defibrinated blood
began to lose this bactericidel property on standing at
58°9. or at room temperature (19°-21°C.) for about six
hours. Nuttall claimed that this antibacterlal property
of blood was not due to a “"fixed disinfectant substance,"
but due to a heat-labile substance which had a ferment
like action. The lability of the substance was demon-
strated by the destruction of the bactericlidal property
on heating the defibrinated blood. Heating dog blood ten
to thirty minutes at 52°C. destroyed its bactericidal
action for the anthrax bacillus. Rabbit blood heated for
45 minutes at 55°C. also lost its activity, although ten
minutes heating at 48° to 50°C. only weakened the germi-
cidal property.

Buchner and his associates (1890) confirmed and
extended Nuttall's findings. Dog and rabblt sera were

1l

Buchner (1890) quotes Fodor as saying that the
decrease in the bacterial count might have been due to
the mechanical occlusion of organisms in the clottead
blood and not to the bactericidal property.

20
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used against choler#, anthrax and typhoid organisms in

their éxperimeﬁts. The authors found that the serum ex-
pressed frdm clotted -blood retained the full bactericidal
activity of the defibrinated whole blood and that freez-

ing and thawing did hot destrdy this activity. The anti-
bacterial actioﬁ diminiéhed on standing at room temperature,
but retained some activity after being left for twenty days
in a cold room (4° - 6°C.).

Pfeiffer énd Issaeff (1894) observed that the fresh
serum of guinea pigs, immunized against the cholera orga-
nism, would lyse these organisms in vitro. Serum heated
from 60° - 70°C. lost this lytic power, although exhibiting
protective and lytic properties if 1t.were introduced into
normal guinea pig peritoneal cavity along with cholera
ofganisms.

Bordet (1895 confirmed and furthered these ob-
servations. He found that fresh, unheated serum of guinea
pigs, which alone was only "slightly bactericidal," and
anticholera serum heated at 60°C. for one hour (i.e., serum
which had no obvious action agalnst the vibrios in !lggg})
would, when brought together, form a mixture which was "very
antiseptic,"” bringing about complete destruction of the
cholera organisms in his experiments. He concluded, there-

fore, that the lysis of the cholera vibrio was due to two

-

1In a footnote, Bordet states that ". . . . les
microbes rassembles en amas.”
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substandes in immune serum: the specific preventive sub-
stance which could withstand heating at 55° to 64°C. for
one hour, and another substance (alexin or complement)
which was contained in freéh sérum of non-immunized ani-
mals; Bordet was thus able to separate antibody and com-
plement effects as a result of his temperature studies. 
Lafér (1898), Boraét extended his studied to hemolysis.
Guinea pigs immunized with defibrinated rabbit blood de-
veloped the capability of lysing rabbit erythrocytes in-
jected intraperitoneally. The fresh sera of these animals
lysed rabbit blood cells also in vitro, but after heating
from 10 to 20 minutes at 56°C., the lytic property was lost.
Bordet and Gengou (1901) applied these studles on
hemolysis in a practical manner with a description of the
complement-fixation test.l The fixation period employed
was five hours at room temperature (15° - 20°C.). Systems
used by them included: a) horse antiplague-bacillus serum,
and a saline suspension of the corresponding antigen, b) guinea
pig antianthrax bacillus serum and a saline suspension of
the organisms as antigen. Other antigen-antibody systems
were also employed. The complement in these systems was
obtained from fresh guinea pigs. |

The method of complément-fixation was adapted by a

——

1
The use of the term "complement-fixation" 1is not
Bordet!'s, but conforms with contemporary usage. Bordet and

Gengou did coin the expression "fixation dtalexihe™ in this
communication. ‘
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number of workers (Wassermgnn, Neisser and Bruck, 1906; |
Detre, 1906; Wassermann, et al., 1906) to the serodiagnosis of
syphilis. The major technical modifications introduced were
the use of agueous tissue extracts for antigens and fixation |
periods of one hour at 37°C. Jacobsthal (1910) showed that
fixation at icebox temperétures resulted in more sensitive
resultsrthan_did incubation at 37°C. Until the description
by Kéhn (1923a,b) of his flocculation procedure, all tests

for syphilis embodied an incubatlion period following admix-
ture of the reagents. Kahn found (1923a,b) that results of
high sensitivity could be obtained in a flocculation test

for syphilis by employing brief shaking periods (2-5 minutes)
instead of long periliods of incubation.

Preheating of sera to be tested with a complement-
fixation procedure is necessary to destroy native comple-
ment. Theoretically, this should not be necessary 1f the
hemolytic indicator 1s not used, as in flocculation tests.
However, it i1s an old observation that sera used in floccu-
lation tests for syphilis give more sensitive and specifie
results if first heated at 56° for 30 minﬁxes. '

Nishio, working in Kahn's:- laboratory, attempted to
elucidate (1929) the difference in behavior of ﬁéafed and
unheated syphilitic sera in the flocculﬁtion test. He found
that the giobulin fractions of heated and unheated syphilitic
sera behaved alike in the Kahn test. Unheated serum albumin,
added to the globulin, inhibited the reaction, while if the
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albumin was first heated at 56°C. for 30 minutes and fﬁ;n
added to the globulin no inhibition of reactivity occurred.
This finding'suggestod that native serum albumin exerted

some "protective" action on the globulin; hence, it was the
albumin fraction which was responsible for the low reactivi-
ty of unheated sera. Curiously enough, in spite- of the
importance of the observat;on, the problem, to our knowledge,
has not been reinvestigated by other workers.

Many studies have been made on the temperature-time
treatment of sefa preceding their use in flocculation tests
for syphilis but the classical 56°C. incubation for 30 min-
utes remains predominant. Attempts to introduce higher
temperatures for shorter periods (Hardesty and Jurischk, 1932;
Rein and Hazay, 1940) have not met with favor, although some
serologists have suggested the use of three- to four-minn%e
heating periods at 60®* to 62°C. in emergency brocedures.
(Strauss, 1937; Eagle, 1940; Hinton, 1940; Kline, 1940)

It was mentioned above that syphilitic sera of human
beings tested in an unheated state are usually nonreactive.
This, finding does not apply to positive animal sera which
may give strong flocculation reactions in an unheated state.
Little attempt has been made to study serologiquéactions
with unheated animal sera. Gregne and Breazeale (1941) found
that 119 cow sera gave positive flocculation reactions whether
heated or unheated. The heated sera showed a higher quantita-
tive titer than the unheated sera.
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Any studies of the effect of increased temperature
on antibody or antigen function_;g,z;ggg are, of course,
limited by the temperature at which the éubstanco used 1is
altered or destroyed. Antibody (;;g,; serum) proteins are
destroied by heating at 70° to 80°C. for short periods
(Hartley, 1931) . This generalization 1s not invariable.

It is notable that different antisera display varying
lability to heating. For exampie, Jones (1927) showed that
heating rabbit antityphoid (flagellar and somatic) serum
and rabbit amboceptor at 65°C. for 20 minutes lowered their
activity disproportionately, the latter antibody being the
more stable. ~ . J6hes emphasizes also that comparisqns
cannot be made between similar antibodies in different
species since somatic (typhoid) agglutiﬁin in rabbit serum
resisted 70°C. for 20 minutes, while the same agglutinin in
cow serum was destroyed at 65°C.

Krobé, Schulze and Zander (1929) reported that rabbit
antispirochetal -~ antibody (cultured Spirochaete pallida)
was resistant to heating at 63°C. for 30 minntés, whereas

reactivity to Wassermann antigen was destroyed at this tem-
perature. Gaeh:tgens (1930) confirmed this claim. He found
that nonsyphilitic sera giving "pallida®™ reactions were
usually thermolabile (62°-63°C. for 30 minutes), while syphi-
litic sera were thermostable and would react positively after
being heaﬁed at this temperature. These findings could not
be corroborated by Hoeltzer and Ssuschkowa (1930), or by
Eagle and Hogan (1940) .


nonsyph.il
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Antigens which are of protein nature may have their
specificity altered and a new antigenic specificity conferred
upon them by the use of heat (Furth, 1925, Landsteinor, pP. 29,
1936) . Furth has reviewed this work and found also that -
heating at 70°C. partially transforms rabbit blood serum in-
to the "cocto-antigen." The antigen used in fests for gyphi—
1is is relatively heat stable. It can be prepared by extract-
ing dried beef heart with bolling alcohol in a*#erlﬂk
condenser for one to three hours (Ecker and Sasaho, 1919),
or by extracting with boiling ether and then alcohol in a
reflux condenser (Kolmer, 1928), or in a Soxhlet apparatus
(Kolmer, 1928; Hunter, 1936).

Some interesting studies of tenpgrature effects on
the hemolytic system have been made. Kahn and Lyon (1921)
examined the affinity of sheep erythrocytes for antisheep
hemolysin at different temperatures and for varying periods
of incubation. The authors noted that this affinity at 37°C.
(water bath temperature) was greater than at room temperature
and this, in turn, greater than at icebox tempefature. But
the differehces were small enough so that when the results
of eleven experiments were averaged, room and 37°C. tempera-
tures showed similar extractions for five, ten,}fifteen and
twenty-minute periods, while the icebox éxtraction was defi-
nitely lower. It was further noted that a ten-minute extrac-
tion pé;iod at room temperature in the presence of excessive

amounts of hemolysin (25,000 units) was usually equivalent to
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a one or two-hour extraction at 37°C. In some cases less
extraction occurred at the higher temperature which the

authors suggested might be due to a dissoclation of the
hemolysin-cell complex. Cromwell (1922) .has confirmed
these observations in an extensive study in which he noted
that onerabbiﬁ hémolysin showed most complete absorption
at 15° to 25°C. and less absorbtion at higher and lower
temperatures; another rabbit Antiserum showed greatest
absorption of sheep cells at 40°C.

Other information has been obtained from the study
wg; the effect of temperature on antibodies to erythrocytes.
Stuart, et al., (1934) found that 24 of 25 normal human
sera agglutinated sheep red blood cells (Paul-Bunnell test)
of 0.Ozypzin:inZOncentration in a serum dilution of from
1{160 to 1:1280 after 12 hours incubation at 5°C. Of the
same group of sera only one showed a titer of more than
1: 40 when the reactions were run at 37°C. for two hours,
or when the cold reactions were incubated an additional
two hours at 37°C. .The agglutination of sheep cells by
normal human sera at low temperatures could be reversed,
therefore, in 23 of 24 instances merely by incubating at
37°C. Titers of from 1:320 to 1:5,120 were obtained with
the sera of 1 infectious mononucleosis patients and these
titers were independent of the temperature (5°C. or 37°C.)
at 'ﬁ{f&ﬂf@e agglutination tests were performed.
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The conclusion that the combination of antigen and
antibody are di;;ociated in the above instance wduld'not |
be without precedence. Morgenroth and Rosenthal (1912)
showed‘that although amboceptor markedly decreased 1in re-
activity on being heated for 30 minutes at 56°C., some
dissocliation of the amboceptor-red cell comple; occurred
at the same time, making the amboceptor reavallable for
cell sensitization. Similar heat dissoclations 1in at-
tempts to purify amboceptor have been reviewed by Mulr
(1931).

Wiener (1939) has reviewed effects of temperature
in iso-agglutination phenomena. Kettel (1930) found that
iso-agglutination titers decrease linearly with increas-
ing temperature, the slope of the line depending upon the
1nitia1 titer at 0°C., at which temperatufe highest titers
were obtained. Titers obtained at 30°C. were about half
as strong as those at 0° and titers obtained at 50°-60°C.,
approximately half as strong as those at 30°C. $8imilar
titer-temperature relations hold for subgroup l1so-hemagglu-
tinins (Wiener, 1939).

Before turning to reports concerning the effect of
temperature on precipitation tests, some recent complement—_
fixation studies might be considered in which guinea pig
complement exhibits the property of combining with tissue
extract antigen (in the absence of syphilitic serum) under
conditions of icebox 1ncubation and not at 37°C. Gilordano



and Carlson (1939) reported that nonspecific reactions in
the oomplénont-fixation test for syphilis could be caused
by & roacting substence in some guinea pig sera which was
heat stable, nonreactive at 37°C., but reactive at 1oobox
temperature. This property of fixation could not be noted,
therefore, in the usual complement titration at §7°C., but
only when the complement titration 1noludod 8 preliminary
(three hour) incubation at icebox temperature inrtho pres-

ence of the antigen. -

Kolmer and Lynch (1939) have confirmed this finding.
They claimed that 2 to 10 per cent of normal guinea pig sers
may ocontain the reactive factor. Of 132 guinea pigs, 9.1
per cent showed positive Kahn reactions, while 18 per cent
to 32 per cent were Wassermann-positive depending on the )
mode of preliminary incubation. Heating these sera at»62°c.
for 30 minutes reduced their serological activity, while
heating at 56°Cﬂ for 20 minutes increased 1it.

Certain generalizations concerning precipitation (or
flocculation) reactions have been made (Topley and Wilson,
1935; Eagle, 1930) which, in general, agree with the popular
1mpression that broadly speaking, these reactions follow’tho
~ Van't Hoff Law; namely, that the veloocity of reaction is
doubled with every ten~degree (centigrade) rise in tempera-
ture. Eagle has stated that the optimnm temperature of
flocculation in tests for syphilis is something less than



60°C. Topley and Wilson have stated (page 143): "An in-
crease in temperature up to an optimunm also increases the
speed of flocculation, but it seems doubtful whether this
effect 1s due wholly to an increased frequency of impact.
With some reacting systems the higher water-bath tempera-
tures (37°-55°C.) may be found to be unsultable since the
antigen-antibody compound may be partly soluble in this
range."

Many exceptions, however, exist to these generali-
zations. Heldelberger, Kendall and Soo Hoo (1933) noted
that the optimum temperature for the precipitation of an
azoprotein antigen with its rabbit antiserum was anywhere
between 0° and 37°C. On the other hand, Heidelberger and
Kendall (1935a) noted that two horse antipneumococcus
(type I1I) polysaccharide sera showed 25 percent more
antibody nitrogen in the precipitate when the reaction
was run at 0°C. (in the presence1of an excess of antibody)
than when run at 37°C. iFollensby andiﬂookér-(1939) sug-
gested the possibility that the same degree of combination
but not of precipltation occurred in the case of the 37°C.
‘reaction. In the same article these authors also considered
the reaction between diphtheria toxin and antitoxin. They
concluded that a decrease in temperature from ZO°C. to 5°C.
has little effect on the degree of combination between the

reactants but markedly increases the flocculatlion time.
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Stahl and Pennell (1941) have determined by the
methods of Heidelberger and his co-workers, the optimum
conditions for the obtalining of antibody in the precipi-

tation and agglutination reactions with brucella antisera.

Uainé the B. abortus "endoantigen" preparation of Huddleson
they found that over twice as much antibody N was precipitat-
ed from human abortus antisera by running the reaction for

48 hours at 4°C. as was obtained by incubating at 37°C. for
24 hours, or at 37°C. for two hours followed by 22 hours

at 4°C. Under similar conditions, over twice as much anti-
body was precivitated from guinea pig abortus antisera at
37°C. in 24 hours as was precipitated in the cold by the

same period of incubation.

However, in the case of the agglutination reaction
the température-time relationships were almost dlametrically
opposite from thekbrecig}tation results. Three times as
much human antibody N was present in the agglutinate at
37°C. in 48 hours as came down 8t 4°C. in 24 hours, while
the same amount of guinea pig antibody N was present in the
agglutinate under all time-temperature relations tried.

B. abortus, B. suls and B. melitensis antisera from

cows and goats precipitated most heavily when 1ncubated with
homologous antigens at 37°C. for two hours followed by 22
hours at 4°C., however incubation at other temperatures gave
similar results.

Certain studlies which included observations of the
effect of temperature on the product of antigen-antibody

~
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interaction have been considered (Morgenroth and Rosenthal,
1912; Stuart, et al., 1934). Some other reports along these
lines might be noted.

Jones (1928) observed that although antiserum to the
hog-cholera bacillus lost 1ts ability‘to agglutinate that
organism on being heated at 75°C. for 30 minutes, it re-
tained its combining ability since unheated antissrum added
to this mixture had no effect on 1t: Such an experiment
recalls the concepts of "Agglutinoids," "Precipitinoids,®
and "Complementoids;" substances which, according to
Ehrlich and his co-workers (Zinsser, pps. 235, 265, 158;
1922) had been altered by heating,in a manner which did
not affect their combining properties, but did inhibit
their specific property of agglutinating, precipitating or
bringing about cytolysis.

Recently, Ri#ers (1942) in reviewing some work of
Smadel and Rivers stated that two antigenic components
could be separated from the virus-free filtrates of the
skin of vaccinia infected rabbits by the use of heat.

One component (L) was found labile to heating at 56°C.
for 30 minutes, i.e., "when heated at 56°C., L no 16nger
is precipitated in the presence of its antiserum, however
it inhibits L antibodies so that when unheated L is added
to the mixtﬁre no precipitate occurs." The second com-
ponent of the complex (S) was found to be unaltered by
heating at 56°C. |
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Some reports dealing more directiy with the effect
of temperature on the product of antigen-antibody reaction
are now considered.

Ottensooser (1923) found that the precipitate formed
by the interaction of certain ratios of rabbit-anti-egg
albumin serum and the corresponding antigen was diépersed
when heated at 55°C. for ten minutes. The precipitate did
not reform on cooling. Heldelberger and Kendall (1929)
reported that precipitates formed by the reaction between
Type III pneumococcus polysaccharide and its rabbit anti-
body, in certain proportions, dissolved on warming from
0° to 37°C., but reappeared on chilling. This phenomenon
was not noted with rabbit antibody to an azoportein antigen
(Heidelberger and Kendall, 1935b) or to chicken-egg albumin
(Heidelberger and Kendall, 1935¢c). Duncan (1932) has found
that a certain amount of the precipitate formed by the 1in-
teraction of a yeast gum and its rabbit antiserum could be
resolved by heating at 50°C. for two hours. The precipitate
reappeared on cooling for 24-48 hours.

Turning to the effect of temperature on the floccula-
tion test for syphilis, little work was done previous to 1940.
Georgli (1919) claimed that low temperatures {icebox incuba-
tion) weakened or obliterated the Sachs-Georgl reaction with
syphilitic sera. No attempt was made to determine any
quantitative relationships.
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Duran-Reynals (1940) observed that chicken sera
flocculate saline extracts of tissues of many animals.
This flocculation occurred optimally at lowltémperatures.
As a result of his findings, Duran-Reynals suggested that
nAlcoholic extracts of tissues (as well as saline extracts)
are flocculated at low tempefature by active chicken sera
and with such Sera Wassermann and Kahn reactions are posi-
tiie, which suggests that the faétor in chicken sera which
flocculates tissue extracts is of the same nature as that
responsible for the reactions with syphilitic sera.”

This conclusion 1s open to serious doubtﬁggéthe
basis of the work of Georgi (1919) which suggests that
syphilitic sera react very weakly in the flocculation test
at low temperatures. Kahn, et al., (1941) have confirmed

this finding, employing a different technique. It was fur-
ther found by this group that Kahn antigen 1s flocculated
optimally at jce-water bath temperatures by the sera of
hogs, horses, rabblts and chickens, when these sera are
first chilled to 1°C. and then mixed with the antigen at
this temperature.

The effect of incubation of the completed Kahn test
at different temperatures has recelved some attention. Older
flocculation techniques employed in the serodiagnosis of
syphilis (Meinicke, Sachs-Georgl, Sigma, Dold, Hechtl) rou-

tinely used various incubation periods at 37°C. Of the more

1
Techniques summarized by Kahn (1925).
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modern flocculation procedures, Eagle and Hinton imcubate
at 37°C. Kahn (1923b) showed that incubation was not a
necessary element in the flocgulation test for syphilis.
On studying the effect of various incubation periods at
37°C. on the completed Kahn test without the addition of
saline, the latter author concluded (1925) that "the ef-
fect of incubation at 37°C. on the test is cdmparatively
little."”

'Nagle and Lazarov (1930) incubated the completed
Kahn test to which saline had been added at icebox (5°-7°C.)
incubator (37°C.) and room (22°-28°C.) temperatures..

No quantitative study of the 4+ sera was made. In-
cubation of 965 specimens of different types overnight at
room temperzture resulted in very little change. A 1+ re-
action became 4+, three 1+ reactions reverted to negative,
one negative result became 2+ and another of this.type be-
came 1l+. Six hundred forty-three negative results and
274 positive results were unchanged. Incubation of 521
tests at 37°C. showed other interesting characteristies.
Sixty-nine 4+ reactions remalned uhchanged. Five A+ reac-
tions reverted to 2+ or 1+, and ten 4+ reactions becanme
negative. It must be emphasized that the quantitative
titers ot these sera were not known. However, ten 3+ re-
actiohs (titer of 3 units) remained unchanged, while
fourteen 3+ reactions becamenegative. Eight 2+ reactions

showed negative results after incubation at 37°C., as did
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twenty-one 1+ reactions. In no case did a 3+, 2+ or 1+ reaction
become stronger on incubation at 37°C. One negative test,
however, did show a 1+ reaction after such incubation. The
results reported in the experimental section of this paper
while not obtained on as extensive a scale, confirm and am-
plify these findings of Nagle ahd Lazarov. These two in-
vestigators further found that incubation of the completed
test in the icebox had a tendency to give false pbsitive
reactions. This was based on the fact thageggt?gﬁgtive re-
sults showed varying degrees of positive / after the incuba-
tion period. The majority of the positive results (207)

and negative results (452) were unchanged.

Muckenfuss and Ebel (1931) studied the effect of
incubating the mixed reactants at varying temperatures be-
fore completing the tests. They concluded that incubation
at low temperatures (icebox) weakensthe reaction, whereas
incubafion at 37°C. enhances the reaction. 1In relafion to
other results, it must hbe emphasized that this incubation
occurred previous to the three-minute shaking period in the
Kahn test.

This review of the effect of temperature on serological
reactions will be summarized briefly by noting that the prob-
lem can be divided into at least two parts: (1) the effect
of temperaturehon the reactants before they are brought to-
gether and (2) the effect of temperature on the reaction
itself. High temperatures tend to reduce the reactivity of
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antisera as well as dissociate certain formed antigen-:
antibody complexes. Certain reactions show an optimui
degree of reactivity if the reaction is carried out at
low temperatures, others show greatest reactivity at body
temperature, and still other reactlons-are largely indif-
ferent to temperature. It does not seem as though any
all inclusive generalizations can be made with regard to
the effect of temperature on immunological serum reac-

tions as a whole.



4. Nonspecific Aspects in Tests for Syphilis

—

The\dpvelopmont of our knowledge of the nonspecifio
reaction in tests for syphilis has hinged broadly on two
experimental methods of approach. The first 1is concerned
with the use of lipidal substences as antigen (obtained
from mammslian organs and in no known manner related to the

Spirochaeta pallida) and the second with the eliciting of

sgrologlcal reactions in nonsyphilitic sera by some physi-
ocal or chemlocal means.

It would seem that if the antigen used was in no
way related to the disease, its sensitivity might be altered
to any desired degree, even to the extent of reacting with
many nonluetic sera. Efforts to determine whether this 1is
possible have been cdescrited by Kahn (1942). The variation
in the types of lipids used in tests for syphilis, emphasiz-
ing this nonspecific aspect of the test, are reviewed be-
low (in Part "a").

The possibility of eliciting positive reactions in
nonsyphilitic sera has theoretical and practical significance -
theoretical, siﬁge it would add evidence to the bellef in the
nonspecific nature of the test (unless 1t were assumed that
the synthesis of the reactive substance in the serum of non-
luetic individuals had been accomplished); practical, since
it would further emphasize the pogsibility of nonsyphilitic
reactions under certain cqu}tidﬁs inlpraetiae. The first

part of the experimental section deals with this problem
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but in order to avoid a 1ongthy review of the literature
at that point, the material has been considered here (in

Part "b").

a. Antigens in Tests for Syphilis
The apparent lack of relationship between the anti-
gens used in the test for syphilis and the Spirochaetsa

gallida' was noted very early in the history of the serol-
ogy of syphilis. Weygandt (1907), Marle and Levaditi (1907),
Lendsteiner, Miiller and PBtzl (1907a, c), Well (1907), and
Michaelis (1907) showed that saline extracts of normal tis-
sue could be used as the antigenic reagent in the Wassermann
test. Landsteiner, Milller and P8tzl (1907b), Wassermann
(1907), and Levaditi and Yamanouchi (1907) found that alcoe
holic extracts of normal tissue were fully as active as

saline extracts of luetic tissue.

This nonspecificity of the alcoholic extract antigen
was further emphasized in the employment of various other
orgﬁﬁic substances as antigen in the test. Wassermann (1907)
gives credit to two of his assistants (Porges and Meler) for
having noted "dass man mit Lecithin auf luetlisches Serum

eine im Wesen durchaus #hnliche Reaction zu erhalten vermag."
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Porges and Meiler (1908) later gave a full report of their
results. They reported flocculation and complement-rixation
results using a Kahlbaum 1eci%hin~preparation'as their
ﬁntigen. Complement-fixation test quantities used were

0.05 cc. of a 1 per cent saline suspension of the stock leci-
thin solution (about one-quarter its hemolytic amount.) Floc-
culation test amounts used were 0.2 cc. of a 1 per cent
saline suspension of the same lecithin solution. This test
was carried out by adding the antigen suspension to 1.0 cc.
of a 1:5 dilution of serum. The results as a whole in 100
cases of all types of syphilis agreed remarkably well with
the Wassermann reaction. The authors believed that this
lecithin reagent could be used as antigen for routine clini-
cal work. ,

These results were confirmed by Elias, et.al. (1908)
who ascribed the reasction to some colloidal property of
gserum distinct from any specific protective "antl" action
and who reported optimum flocculation zones of lecithin
suspensions in the presence of luetic sera. Levaditli and
Yamanouchi (1907) claimed that solutions of sodium tauro-
cholate or glycocholate could be used as antigens in the
Wassermann test, but that a commerciael lecithin preparation
(Lecithol Riedel) was inactive. Sachs and Altmann (1908),
using from 0.4 to 0.15 cec. of a 1 per cent sodium oleate

solution as antigen in the Wassermann test, found that
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this material gave no reactions with 1l nonsyphilitic con-
trol sera but showed good agreement with the routine Was-
sermann test in 13 cases of syphilis.

Sachs and Rondoni (1938) described a formula for
the preparation of a "synthetic" Wassermann antigen. The _
ingredients were sodium oleate (Khhihnun), ovo lecithin
(Merck) and oleic acid (Kahibaum). The procedure consisted
of mixing end emulsifying 1.0 gram of dried sodium oleate
in 5.0 cc. of water. This mixture was added to 95 cc. of
absolute ethyl alcohol to give a 1 per cent soap solution.
The material was filpered and to the clear f11tra£e was
added 300 cc. of a 1 per cent solution of lecithin and so-
Adium oléate in ethyl alcohol. The material was stirred,
filtered and added to 500 cc. of alechol. To use as "anti-
gen," a 1:5 mixture was made by adding 4 parts of saline,

a drop at a time, to one part of the alcoholic solutionl
This brought about a homogeneous and more reactive suspen-
sion than rapid addition of the saline. In their Wassermann
system, 0.4 co. of this antigen (one-half its anticompli-
mgntary titer) was an effective test amount. Sachs and
Rondoni claimed that results were specific and sensitive,
although no data was given, This work has not been re-
ported on further.

The enhancing of antigenic sensitivity in comple-
ment-fixation (and flocculation) tests by the addition of
cholesterol (Browing, Cruickshank and M'Kenzie, 1910;
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Sachs, 1911; Sachs and Geqrgi, 1918) has proved to.beqor
great practical value but hﬁa rﬁrther cast suspiocion on the
specificity of the test for syphilis. Of interest is the
faot that ohoiesterol itself is apparently devoid of anti-
genic activity, as was shown by the aforementioned investi-
gators.

Neymann and Gager (1917)'1n an attempt to determine
the reasons for variation in the type of antigen obtained
from different beef hearts, qualitatively analyzed the ether
and alcohol extracts of beef heart and determined the anti-
genic activity of the different fractions obtained. Noguchi
(1911) had previously classified a number of 1lipid “"fractions"
of tissue extracts on the basis of differential solubility;
titrated and definbd each in terms of "antigenic,"” "anti-
complementary" and "hemolytic"” amountr in complement-fixation
tests and claimed the superiority of the "acetone insoluble*
fraction; i. e., alcoholic extractives of liver at 37° C.,
extracted with ether, precipitated by an excess of acetone
and this precipitate taken up in alcohol. Essentielly
Noguchl employed a method for the preparation of crude
lecithin.

The method of Neyman and Gager was to first extraot
the dried beef heart with ether and then with absolute alco-
hol, following the earlier procedure of Erlandsen (1907).
The ether soluble fracpion reduced to dryness and extracted
with alcohol ylelded an extract of some antigenic activity,
believed by thé authors to be largely due to a lecithin
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compound. From the‘secondary extract of the tiassue with
absolute alcohol another antigenically active fraction was -
isQléied which, on the baslis of the 1aolapion procedure fell
jnto a class of phosphatides which Erlandsen (1907) had es-
tablished as "diaminomonophosphatide.” As a result of these
studies the authors advocated a preliminary extraction of
heart muscle with 6%her followed by an alcoholic extraction
in order to obtain the most active_and consistent antigens.
Some slight variation of this procedure is used today by
practically all seroclogists in the preparation of antigens
for tests for syphilis.

Contemporarily attention has been redirected to the
isolation of the substance (or substances) responsible for
the antigenic activity of tissue extracts. Wellman and
Lankelma (1941)>describe a procedure for the 1solation of
lecithin fractions from tissue extracts. After testing the
materlial they conclude that "a lecithin fraction purified
through the formation of the cadmium salt not only retains
its antigenic activity but also has undergone a measurable
increase in concentration of the true 'antigenic substance.'"
Brown and Kolmer (1941) adopted a different approach. They
secured the flocculate from a mixture of pooled syphilitic
sera and dried, weighed and analyzed it. The authors report-
that the antigenic portion of the flocculate contains mixed
phosphatides of which the diaminomonophosphatide fraction

is inactive. Two active fractions having solubility charse-
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teristics of lecithins and cephalins were isolated Byt anal-
yses showed them to be mixtures, each containing about 40
per cent of a nonnitrogenous, phosphorous containing sub-
stance. The authors conclude that "The available evidence
jndicates that the antigenic activity cannot be a property
of either lecithin or cephalin but 1s due to an unknown
gsubstance absorbed in equal proportions by both."

Pangborn (1941) claimed a new procedure for the
jsolation of “lecithin" which ylelded a substance the ac-
tivity of which closely resembled that of the extract antigen
in the Wassermann test. Later (1942), this author claimed
the active compound to be a formerly unrecognized non-ni-
trogenous phospholipid (designated by her as cardiolipin)
which on hydrolysis ylelded fatty acilds and a phosphorylated
polysaccharidd.

It would appear that the outstanding known facts
regarding the chemical nature of tissue extract antigen
are that the active constituents are soluble in 1ipid
solvents and they are apparently related to phospholipids.

b. Eliciting Positive Serological Reactlons
in Nonsyphilitic Sera

Eliciting positive serological reactions in tests
for syphilis with sera which are ordinarily negative with
serodiagnostic tests has concerned many investigators.

These workers havekemployed various physical or chemical
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means to bring about such reactions. Landsteiner and Muller
(1908) noted that globulin fractions of syphilitic and non-
syphilitic human sera obtained by acidification with carbon
dioxide of serum diluted with distilled water gave positive
Wassermann reactions. This observation was confirmed by
Forssman (1921) and Eagle (1932). ‘

Craig (1911) found that certain bacteria (staphie-
coccl, streptococci) growing in blood serum specimens could
give rise not only to anticomplementary complement-fixation
reactions but also to false positive reactions within six days
after inoculation. Normal blood serum kept sterile did not
show this tendency after nine months: standihg. Craig!s ob-
servation has been confirmed by Kendrick (1924) who found
laboratory contamination (which occurred while Kahn-negative
specimens were allowed to stand uncovered for three to ten
days) caused 54 of 142 specimens to become anticqmplementary
for the Wassermann procedure and 10 to be unfit for the Kahn
procedure. Of the remaining sera, five gave positive
Wassermann reactions and three gave positive Kahn reactions.
Pohlner (1938) has obtained similar results with B. gub-
tilis contamination of serum and spinal fluids. His article
contains referenées to a number of other workers who have
obtained similar results.

Aminoff (1939) has studied the ability of different
spore~-forming aerobes to bring about false positive reac-

tions in serum. B, gcereus and B. mycoides were found to be



greater offenders than B. subtilis. Of 24 negative sera
inoculated with a B. cereus suspension 20 showed positive
serologic/?%actions after incubation for 48 hours at 37°C.
and 10 out of 11 sera inoculated with B. mycoides under
similar conditions also showed reactions. Rytz (1939)
inoculated 1.0 cc. amounts of 100 nonsyphilitic sera

with '0.05 cc. amounts of a nutrient broth culture of B,
coli and incubated at room temperature for 24 hours,

then centrifugated and examined the supernatant fluid by
his floccudation procedure. He reports five positive re-
actions in this group of sera. Sievers (1939) also re-
ports upon seropositive reactlions rollowing’inoculétion
of sera with microorganisms and reviews the literature

on this subject.

Many other methods have been described for bdbring-
ing about false positive reactions with sera. Hlrschfeld
and Klinger (1914) reported that excessive shaking of
sera with saline or incubation of sera diluted with dis-
tilled water brought about varying degrees of positivity.
Nathan (1918) confirmed the experiment with distilled
water. He obtained two positive reactions with 25 nega-
tive sera which had been diluted with distilled water
and incubated at 37°C. for 24 hours, and 11 positive
reactions with 25 negative sera which had been diluted
and incubated in the icebox for 24 hours.



Hirschfeld and Klinger (1914) also reported that
nabsorption" of negative sera with suspensions eof agar,
bacteria and kaolin brought about seroreactivity. Nathan
(1920) confirmed these findings and also reported that
acidification of sera followed by short incubation (one
hour) and ;ubsequsnt neutralization resulted in positive
reactions. McMeans (1923) has also reported similar find-
ings and reviewed the successful efforts of others
(Hektoen, Sherwood) in bringing about artificial false
positive complement-fixation reactions.

» Eagle (1932) has not been able to confirm the re-
ports of Hirschfeld and Klinger, of Nathan or of McMeans.
He ascribes thelr results to an 1nc£ease in thé anti-
complementary activity of the treated sera.

Forssman:. (1921) found that anesthetic ether
mixed 1l:1 witﬂ negative sera and allowed to incubate for
from 5 to 24 hours caused the serum to assume reactivity
in the Wassermann test. This did not occur when the sera
were similarly treated and then heated for 30 minutes at
56°C. Hartley (1925) could not confirm Forssman's results
and, in fact, found just the opposite; i.e,, ether extrac-
tion (by the method of Hardy and Gardiner) destroyed the
ability of even syphilitic sera to react.

Bachmann (1921) claimed that the addition of vari-
- ous amino acids to negative sera (glycine, leucine) re-

sulted in positive Wassermann reactions. Bachmann credited
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Mahlo with the observation of this fact in 1913. Fowweather
and Gordon (1927) repeated these experiments and also in-
jected glycine, leupine, vrarginine base," arginine nitrate,
and taurine into rabbits without eliciting positive results.
They concluded that free amino acids were unrelated to posi-.
tive Wassermann reactions, '

Fractionation studies of the serum proteins have
ylelded interesting results. The early observations of
Landsteiner and Muller (1908) concerning the Wassermann-
positive reactivity of globulin- fractions of syphilific
and nonsyphilitic human sera was confirmed bw'Forssﬁan:
(1921) and by FPagle (1932), who used a flocculation pro-
cedure. The latter investigator claimed, however, that
although globulins derived from nonluetic and luetic
sources would react with : gqueous suspensions of such
diverse lipids as those derived from milk, egg lecithin,
cholesterol, alcoholic extfact of beef heart, sheep or
human red blood cells "and presumably with any colloidal
lipoid suspension," that luetic human sera would react
only with suspensions of beef heart lipids.

Mackie (1923) using the CO, fractionation pro-
cedure (in which the 1:10 diluted chilled syphilitic
serum saturated with CO, was found to be split into two
fractions) assumed, on the basis of a limited number of
experiments, that the insoluble fraction of the serum
(euglobulin) was mainly responsible for the positive



complement-fixation reaction, while the soluble (pseudo-
globulin plus albumin) fraction was the active principle
in the flocculation reaction.

Mackie and Watson (1925) studied both nonluetic ani-
mal and luetic human serum fractions in the complement-
fixation and flocculation procedures. The conclusions of
these authors are not identical with those reported by
Mackie two years before (1923): They reported that the
euglobulin fraction showed a tendency to be Wassermann
positive and the pseudoglobulin plus albumin fraction,
flocculation positive. But they reported instances 1in
which this tendency was not noted. They also reﬁorted
that the globulin fractions derived from both syphilitic
.and nonsyphilitic seropositive sera reacted similarly.

Sherwood, Bond and Clark (1939) employing NajS0,
fractionation found equal reactivity in flocculation
tests of euglobulin and pseudoglobulin fractions of ani-
mal sera derived by this salting out procedure.

Mackie and Anderson (1937) attempted' to induce
nonspecific reactions by variation in the type Qf lipid
\used as antiggn; by the heating of sera at temperatures
of and above 56°C. and by a combination of these methods.
These workers found that normal, heated (56°C. for 30
minutes) human sera, while nonreactive with beef heart
lipids, showed flocculation results with cholesterolized
B.diphtheriae’lipids(A of 6 different sera with extracts
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of 4 different strains) but not with egg or vegetable lecithin
suspensions. On heating these sera at 65°C. for 30 minutes,
reactions occurred with egg leclithin. Different zones of
reactivity with different lipids were noted when sera were
heated at different temperatures. 'Of interest is the fact
that the reaction complex representing syphilitic sera also
characterized that of animal sera.

An earlier study of flocculation by normal sera with
more emﬁhasis on physical treatment of the antigen was that
of Wolf and Rideal (1926). Using suspensions of gum benzoin
ncoated" with saponin as antigen, they found flocculation
could be obtained with normal and syphilitlic human sera
(number not stated) although saline controls remained stable.
In general, the luetic sera had a more extended zone of
flocculation than did the normal sera, differentiation
being most marked as the isoelectric point of serum globu-
1lin was approached by addition of acid to the serum.

The explanations of the findings by different authors
on "induced" nonsyphilitic reactions is generally assumed
to be based on the probability that such reactions are due
to some labile, phySico-chqpical property qf the serum and
not to any specific antibody‘(Wells p. 211, 1929). This
explanation by no means rules out the "normal antibody"
hypothesis first expressed by Dohi (1911) with the state-
ment that "....the antibodies (which react in the test
for syphilis) may be a normal body substance, which are
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produced in excess under the stimulus of syphilitic infec-
tion." Others (Mackie and Watson, 1926 ; Hinkleman, 192%;
Kahn, 1940; Mohr, Moore and Eagle, 1941: ) have stated
similar, if modified, ideas along these lines. It would
seem that if the reactive substance were one that 1is present
in normal sera, procedures mlght be evolved which would
demonstrate 1ts presence. Five recent papers bearing on

this possibility are considered below.

Malloy and Kahn (1931) observed that when normal
serum and standard or presumptive Kahn antigen were mlixed
there occurred a slow aggregation observed by means of
darkfield illumination. In the case of standard antigen no
aggregates were visible when the mixture was examined 1im-
mediately. The cross sectional area of aggregates formed
in 50 nonsyphilitic sera after one hour incubation at room
temperaturerunder a paraffin sealed coverslilp varied from
O to 500 square microns with an average of 60.u2; after six
hours the variation listed was O to 1,500 pn2., In contrast,
50 syphilitic sera similarly treated showed a é;ggs sec-
tional area for aggregates formed lmmediately as 420 (range
from 20 to 1000 m?), after one hour as 1,730 (range 250~
10,000 p2) and after six hours as 4,260 (range 500-25,000 n2).,
The authors concluded: "It is evident from these experiments
that nonsyphilitic serums also show aggregates after con-
tact with antigenic suspemsions. It appears that the aif-

ference between nonsyphilitic and syphilitic serums is one
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of degree rather than of kind - quantitative rather than
qualitative. In syphilis, there seems to be a marked in-
crease in the pfoperty possessed by serum to aggregate the
lipoid particles of the antigenic suspension.”

Schreus and Foerster (1934) described a procedure
for the demonstration of small quantities of reactive ma-
terial in treated seronegative syphilitic cases. When
amounts of positive serum, so small as to be below the re-
acting threshold, were added to the seronegative specimen,
there resulted a positive reaction. The authors believed
this to be due to an additive (summation) effect.

Barnett, Jones and Kulchar (1935), using the Kline
test, adapted the procedure of Schreus and Foerster to the
demonstration of reactive material in normal serums. Using
as "one unit” the least amount of reactive substance in a
luetic serum that could be detected by their technique, the
authors found that 27 of 42 normal sera showed 1.0 unit, 12
showed 0.9 units and 3 showed 0.6 units. The conclusion
that "reagin is evidently present in the sera of nons:yphil-
itic individuals - (and) the difference between syphilitic
and nonsyphlilitic sérd seems to be a quantitative rather
than a qualitative one ~--" agrees closely with the Malloy-
Kahn conclusion. . |

Sherwood, Bond and Canuteson (194l1l) taking advantage
of Kahn's early observation (1925) that as the ratio of
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serum to antigen suspension was increased, the sensitivity
of the test was increased, examined the sera of 1,018 col-
lege students with the Kahn test using serum-antigen ratlios
of from 100:1 to 1:5. Thirteen normal, healthy students '
showed reactions in the higher serum to antigen ratios.

Lund (1942) using a cholesterolized beef heart ex-
tract as antigen and the essential idea of Sherwood, et. al.,
(1. 8., working in the range of excessive amounts of serum)
succeeded in obtaining what appears to be an unlimited in-
crease of sensitivity in tests for syphilis. Lund's pro-
cedure is based on the finding that if a small amount of
antigen is added to a large amount of antiserum, incuba-
tion time allowed, and the reaction tube then centrifugated,
highly sensitive results are obtalned.

It is evident from the above review that positive
serological!feactions can be observed in nonsyphilitic

sera under a comparatively large variety of conditions.
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II1I. EXPERIMENTAL

1. Materials and Methods

Sera from chickens, cows, horses, plgs, rabbits
and nonsyphilitic human beings were utilized in this study.
These sources”of sera were chosen largely because of their
ready availability. Pig blood was obtained by arrangement
with a slaughter house.l These animals are slaughtered by
"gticking"” the heart and opening & small flap of the skin
over the chest. The first flow of blood was discarded.
A chemically clean 50 cc. centrifuge tube was then filled
with blood.

Chicken blood was obtained by arrangement with a
commercial dealer.2 Chickens were bled by cutting blood
vessels of the throat. The first flow of blood was dis-
carded and a centrifuge tube was then filled.

Horse sera were supplied through the courtesy of
the Michigan State Health Department, Lansing. These sersa,
in sterjle form, were from animals immunized to various

microdrgansims or bacterial toxins. Some of these sera

were obtained from normal animals previous to inoculation.

1 .
Home Packing Company, Ann Arbor, Michigan.

2
Otto Hack Inc., Ann Arbor, Michlgan.
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Cow blood was secured from the~Ann Arbor slaughter
house and through the courtesy of the Digestive Ferments
Company of Detroit, Michigan. Thb Ann Arbor specimens were
obtained from animals to be dressed as beef. Specimens
were also sent from Detrolit in sterile 50 coc. glass con-
tainers. These were collected on three occasions between
llzodwand 12:00 o'clock in the morning and shipped to Ann
Arbor the same day where they arrived before 4:00 p. m.

Rabbit blood was obtained in #ll cases by heart
puncture. These animals were of varylng strains and were
obtained from two dealers.l In a given number (32) of
these animals, the date of birth was known.

The nonsyphilitic human sera were obtained from the
Laboratory of Serology of the University of Michligan Hos-
pital and were characterized by a complete lack of reactivity
in the Kahn standard test and in the more sensitive pre-

sumptive test.

The routine procedure in the preparation of sera
was as follows.:

a) The clotted blood, after being brought to the
laboratory, was placed in the icebox (4° - 7°C.).

b) A period of at least three hours was allowed
for serum to separate by syneresis. The clot was then

removed with wooden applicstors and the serum centrifugated

1

Rockland Farms, New City, New York and Mr. A.
Carus, University Hospital, Ann Arbor, Michigan.



at about 2000 r.p.m. in a gsize 2 International centrifuge.
This centrifugation was carried out on the afternoon or |
~evening preceding the day on which the sera were used ex-
perimentally. 'The clear sera were placed in the icebox.

c)hThe following morning, the sera were divided
into two portions. One portion was placed in a water bath
at 56°C. where it was allowed to remain for 30 minutes.
The second portion was left unheated and allowed to reach
room temperature while the first portion was being heated.

d) Following the 30 minute heating period, both heated
and unheated serum speclmecns were examined for the presence
of any precipltate, blood cells or other grossly observable
foreign materlial. Any specimen showing extraneous matter
wés recentrifugated at high speed for three to five minutes.
Rebbit sera heated at 56°C. for 30 minutes invariebly showed
a faint tendency to be less transparent than the unheated
specimens. For thls reason they were routinely recentrifu-
gated after heating. 1In practically every case a slight,
adherent, mucoid, greyimh white precipitate appeared after
centrifugation, leaving the serum as clear as the unheated
specimehs.

Generaily, 10 cc. of rabbit blood ylelded about 5 6;;v
of serum; 50 cc. of chicken blood 8 to 10 cc. of serum;

50 ce. of cow blood sbout 15-25 cc. of serum; 50 cc. of pig

biood about 25-30 cc. sserum.



Kahn antigen was used for ﬁoth floocculation and
complement-rixﬁtion tests. This antigén is prepared by
four serial extractions of 100 gm. amounts of dried pow-
dered beef heart (Difco) with ethyl ether in Erlenmeyer
flasks. (The extraction time is 10 minutes and the amounts
of ether used are 400 cc¢., 300 cc., 300 cc., and 300 cc.,
respectively.) The efher is filtered off after each ex-
traction. Following the fourth extfactidn, the heart tissue
is dried and extracted with 5 volumes / gram of 95 per cent
alcohol at room temperature for three days. To each 100 cc.
of the filtered alcoholic extract is added 600 mg. of cho- |
lesterol. The extract antigen was titrated and sfandardized
according to the method of Kahn (1928). One lot of antigen
(Lot 37) was used through the present studiles.

For use in the Tlocculation test, 1.0 cc. of antigen
was mixed with 1.3 cc. of saline. For use in the complempnt-
fixation test, 9.99 cc. of saline was added to 0.0l cc. of
the antigen. These ratios of antigen to saline represented
the "titers" of the antigen.

Three basic serologic methods were employed in
these experiments:

1) The standard Kahn test was the flocculation pro-
cedure used. This test is performed at room temperature
(21° to 24°C., usually soﬁeﬁhat higher in summer). The
same test was also performed at 37° and 1°C. These three

temperatures were resorted to in most of the experiments.
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The 1°C. temperature actually ranged between 0° and 1°C.

The technique at 37°C. was carried out as follows:

- a) Kahn racks with test tubes were placed in a 37°C.
water bath 15 minutes before performing the tests. The
pipettes to be ﬁsed were kept in a special waterproof ocom-
partment of the 37°C. water bath. '

b) The serum to be used (or the dilution of serum
decided upon) was split into two portions, one of which
was then placed in the 37°C. water bath.

c) Standard Kahn antigen was mixed at room tempera-
ture in the usual manner with 0.9 per cent salt solution
accordihg to the titer. The resulting antigen suspension
was then transferred to a small test tube and placed in the
37°C. water bath. The temperature of serum and antigen |
suspension reached the temperature of the water bath 6 within
10 minmates as measured wilth ordinary me;cury thermometers
but a uniform period of 15 minutes incubation was allowed
before employlng these reagents.

d) The usual amounts of antigen suspension (0.05,
0.025, and 0.0125 cc.) were measured into the Kahn tubes
by;means of speclally graduated pipettes. The serum (or
serum dilution) in 0.15 cc. amounts was then pipetted into
each tube. Pipettes graduated in 0.15 cc. amounts were
used for this stage of the procedure. Following addition
of the serum, the racks were shaken for about 10 seconds

without being removed from the warm water bath.
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e) The racks were allowed to stand in the water bath
for from five to ten miﬁufos end were then shaken for three
mimutes at room temperature in a standard shaking machine
(275-285 oscillations peh minﬁﬁe with a stroke of 4 om.).

£) Saline (0.9 per cent salt solution), kept in
the 37°C. water bath, was then added to each tube with a
warmed 10 cc. pipette. To the_firat tube containing the
z:1 ratio of serum to antigen suspension, was added 1.0 co.,
to the second tube containing a 6:1 ratio, 0.5 cc. and to
the third tube containing a 12:1 ratio of serum to antigen
suspension, 0.75 cc.

g) The racks were shaken by hand for a few seconds

to insure mixing of the saline, and the flocculation re-

sults were then read.

{

h) A 8lit lamp was used in reading all results.
The degree of flocculation was recorded as: + (turbidicy
heavier than control tube but no visible flocculate), 1+
(few, small but clearly visible floccules in a usually
dense menstrum), 2+ (small, numerous floccules in a cloudy
mestrum), 3+ (numerous floccules in a falrly clear menstrum),

4+ (numerous large and small floccules in a relatively

~

clear menstrum). RS

The technique at the cold temperature was carried
out in a bath similar to that used for the 37°C. prosedure
with the exception that a cold water bath was employed con-
taining chopped ice. Throughout this procedure the racks
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wére éﬁrroundod by floating ice. MNMercury thermometers in
this bath invariably recorded a temperature of O'Q., when
the entire surface of the bath was covered with ice and a
temperature of only 0.2°'t6 0.4°C. when there was a large
amount of floating 1ice ﬁith son§ clear surra;e of- water.
Since the temperature did occgsionally rise to as high gs‘
0.7°to 0.8°C. because of time elapsed between filling the
icebath and beginning an experiment, the range of tempera-
ture in this bath can be said to have varied betw&en 0®* and
1°C. in the text, the temperature of this bath is referred
to as 1°C. 5 |

i) The steps ire the technique as carried out 1in the
37°C. water bath were applied to the technique in the 1°C.
water bath. The temperatu:e\pf the serum and antigen sus-
pension were brought to 1l°C. éhd the serum was added to the
antigen suspension and mixed at this temperature.

j) After shéking the racks and diluting with chilled
saline the results were read in the slit lamp. Each tube,
before being read, was dipped in a small bottle of chllled
alcohol in order to remove the film of water condensation
which formed while a serlies of tubes were belng read.

Not more than twenty sera or dilutions of sera were
tested at any one time at either warm or cold temperatures.
Antigen controls were included in all experiments. When

employing nonsyphilitic human or animal sera, a syphilitic

serum was also employed as a control.
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In the experiments to be described, the three mimute
shaking period was carried out at rooﬁ temperature. The
tempersature drop during shaking in the 37°C. tests and the
temperature rise 1ln the 1°C. testas have not been carefully
studied. Rough measurements with a mercury thermometer
ijndicate that the temperature drop in the 37°C. tests may
be about 4°C.; the rise in the 1°C. tests also about 4°C.

On addition of warmed or chilled salinme, tempefatures again
approach very closely to 37°C. and 1°C. Reading time for

a series of 10 tests is about 1.5 mlinutes.

. The Kahn-negative human sera used were occasionally
tested in numbers exceeding twenty because of the avail-
ability of the sera, and the lack of necessity for previous
treatment. These sera were obtained rfom the racks of com-
pleted tests of the Laboratory of Serology of the University
Hospital. Only those sera which showed no reaction in either
Kahn Standard or Presumptive tests and of which #pproximately
1.6 cc. of serum was available, were used.

2) The complement-fixatlion procedure was carried
out in the usual manner and was based on the capacity of
differen§ serum-antigen ratios to "fix" designated amounts
of complement. Guinea pig serum from at least three to four
animals was used as complement. After collection, the
serum was allowed to separate in the icebox overnight, cen-
trifugated and stored in a frozen state between the coils

in the icebox. The amboceptor - sheep cell suspension
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mixture was prepared about every third day as follows:

a) Defibrinated blood, collected from a sheep main-
tained by the University Hospital was washed with saline
until the supernatant fluid showed no visible red color
after centrifugation (usually three washings of seven min-
utes each at 1000 r.p.m.)

b) A 5 per cent suspension was then prepared in sa-
line and filtered fhrough Whatman (number 1) filter paper.

¢) Glycerinated amboceptor obtained from comﬁ;rcial
sources was diluted 1:1000 and a volume equal in amount to
the sheep cell suspension mixed with the cells.

. Complement was then diluted with saline (1:10 to
1:30) and titrated in the usual manner by adding constant
amounts of the amboceptor-cell mixture (0.2 cc.) to de-
creasing amounts of the complement.

| The complement-fixation procedure wlith serum was

a three tube test, as follows:

FRONT ROW (Test) BACK ROW (Control)
Tube Tube Tube Tube Tube Tube
1l 2 3 1 2 S
Serum . 0.05¢c.” 0.05¢e. 0.03cec 0.05cc. 0.05ce. 0.03ce.
1:100 Kahn Antigen O.lcc. O.lcec. O.lcc o) o 0
Units of complement 3 2 2 3 2 2
Drops of saline 1 2 2 2 3 S

A similar set up, in which saline was substituted for serum,

or
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constituted the antigen control. One and two unit comple-
ment. controls which contained no serum or antigen were also
included as was an amboceptor-cell control.

The 1ncuhationvtemperature and time ("primary incuba-
tion") to permit fixation was generally cérried out at:

(a) 37°C. for 30 minutes. In other instances (b) room tem-
perature for-two hours or (c) icebox tempefature (4® to 7°C.)
for three hours were employed.

3) Combined flocculation-complement-fixation procedure.
In this procedure a portion of the serum-antigen mixture in
the completed Kahn test was used for complement-fixation
studlies. The piocedure was carried out as follows: _

a) After reading the flocculation results, 0.15 cc.
amounts of the 12:1 ratio of serum to antigen suspension
were pipetted into each of two tubes.

b) For the serum controls, 0.03 cc. (the amount of
serum present in the 0.15 cc. above) quantities were em-
ployed.

¢) To the first tube and a serum control were added
two units of the complement and to the second tube and a )
serum control were added three units of complement.

d) One drop of saline from a 10 cc. pipette was then
added to the three unit tubes and two drops to the two unit
tubes in order to approximate the total volumes in each.
Antigen controls containing 0.006 cc. of the antigen sus-
pension (three times the test dose) and 0.012 cc. (six
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times the test dose) were used. One unit and two unit com-
plement controls plus saline were 1ncludéébaa waé an ambo-
ceptor-cell suspension plus saline control.

e) After the primary incubation of the serum, antigen,
complement mixtures, the sheep cell suspension was added,
the racks shaken, allowed to remain for 5 to 10 minutes and
the secondary incubation carried out as 37°C. (Hemolysis
is very sloﬁ at room temperature and does nof occur at ice-
box temperatures.) |

Serum globulin and albumin fractions were also em-

ployed. These were prepared as follows:

a) To . 2,0 cc. (or 1.5 cc.) of the undiluted serum
was added an equal volume of saturated (NH4) 5S04 solution.
The sulfate was added slowly from a 2.0 cc. pipette, the
suspension being stirred'with ; wooden applicator aé it
was being added. |

b) The tubes were then centrifugated at about
2000 r.p.m.

c¢) The supernatant fluid was poured off*and the
packed globulins allowed to ‘drain.

d) The inner walls of the tubes were then washed

two or three times with distilled water. The inverted

1

In not all cases was the supernatant material clear.
Cloudiness would occur in about 2 or 3 of every 10 human,
rabbit and plg sera. Horse, cow and chicken sera invariably
showed well packed creamy white precipitates and a clear
supernatant fluid. 1In caeses where the supernatant material
was not clear, 1t was tresated as the other sera and a note
was made of the fact.
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tubes were allowed to drain, the lips’dried with a towel
and pleced right side up-.

e) To dissolve the globulins, a volume of saline
equal to the original volume of serum was added slowly
to the tube from a 2.0 cc. pipette while atirrihg with a
wooden applicator. The final volume was about 1.5 times
that of the original serum volume, due to the mass of the
wet globulin.

f) Acid flocculation of the supernatant fluid from
the globulin separation was resorted to in ofder to obtain
-the albumin. The volume of the supernatant fluid in the
tube was marked with a glass marking pencil. Two drops of
a meéLyl red solution were added end N/2 acetic acid added
dropwise until a pink color developed (pH = approximately
4.2). This degree of acidity seemed to @ ecipitate the
albumins of all species tested equally well. In later ex-
pefiments, the use of the indicator was sbandoned and 0.6 cc.
of the half normal acid routinely added to precipitate the
protein fraction.

g) The tubes were centrifuiated at about 2000 r.p.m.
for 30 minutes, the supernatant material discarded, 0.5 coc.
of saline added and mixed, then N/2 NaOH added until a
wéakiy alkaline reaction was obtained with Fischer-Alk-Acid
indicator paper. The volume was then made up with saline
to the mark. The precipitates dissolved with little difficulty.

h) Globulin and albumin soclutions were now centrifugated

at about 2000 r.p.m. for 5 to 10 minutes in order to remove
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extraneous material and foreign matter. They were then
ready for use in tests parallel with those of sera.

Quantitative tests were-then performed with the
same dilutions at 37°* and 1°C. In this way the serum
dilutions acted as thelr own controls 1nsofar\as errors
of dilution were concerned.

The quantitative Kahn test was also used in these
experiments. In this test the serum 1s first diluted
with saline and the diluted serum 1s then employgd with
standard antigen suspension.

The scheme of dilutions of the serum was as follows:

Dilution
ratio

undil.
1:5 0.4 cc. serum plus 1.6 cc. saline.
1:10 : l.4 cc. of 1:5 dilution plus 1l.4 cc. sSaline.
1: 20 0.8 cc. of 1:10 dilution plus 0.8 cc. saline.
1: 30 0.4 cc. . of 1:10 dilution plus 0.8 cc. saline.
1: 40 0.2 cc. of 1:10 dilution plus 0.6 cc. saline.
1: 50 0.2 cc. of 1:10 dilution plus 0.8 cc. saline.
The test was carried out by adding 0.1l5 cc. of each
dilution to 0.0125 cc. of antigen suspension (i.e., 12:1
ratio) . Numerical quantitative titers in the test are
given in units. One unit is equivalent to a one plus re-
action, 2 units to a two plus reaction, and so on. Titers
of 4+ sera are determined by multiplying the last dilution
of serum showing definite flocculation (2+ or more) by 4.
An attempt was also made to finer approximation of the
'titer by interpolating any result showing a flocculate read

as less than 2+ to have a titer between that tube and the
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last positive tube, e.g., if the 1:10 dilution were positive
40 units (10 x 4), it vias 60 units (15 x 4). Practical ex-
perience with this method indicates that the error in the
range of 1:5 (20 units) to 1:60 (240 units) 1is no more

than one tube (lhz 10 dilution). Titers of 1 to 4 units were
determined by averaging the standard Kahn result.
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2. RESULTS

Part One. Sensitivity of Floocculation (Kahn) Re-
action: at 37°C., Room Temperature (21° - 24°C.),

and 1°C. with Nonsyphilitic Sera and Globulin
Fractions of the Sera.

Experiment 1. Effect on Sensitivity When Animal

Sera Are Tested at 37°C., Room Temperature and 1°C.

The fact that the sera of normal animals give posi-
tive reactions with tests for syphllis has already been
considered. In the present experiment, the effect on the

N
sensitivity of the Kahn test at 37°C., room temperature

and 1°C. was investigated with animal sera.
Preliminary serological determinations were made
with hbrse serum and the results obtained are summarized
in Table I. It is evident from the data of the table that
of 17 horse sera tested, 10 gave positive reactions at 37°C.,
13 gave reactions at room temperature and all 17 reacted
at 1°C.
More extensive determinations were made with sera
of chickens, cows, horsps, pigs and rabbits. A total of
367 animal sera were employed; Each of these sera was
examined with the Kahn test at 37°C., room temperature and
1°C. Sera which gave strong (4+) reactions at room tempera-
ture were diluted with saline to render them weekly (1+ to

3+) positive. The diluted sera were then tested at 37° and
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TABLE I __
FLOCCULATION REACTIONS WITH HORSE SERA IN THE KAHN
TEST PERFORMED AT DIFFERENT TEMPERATURES

Indicating téndency toward increased flocculation at 1°C.

—mn e wnpm——
—— —

Kalm Reaction at:

Serum

Numberl - 37°C. Room Temperature leC.
Tube Tube Tube
123 123 123
N9 -2 —— 222
363 —-—— - Llvhy
368 —— —_— YA
N8 - --* Aih
959 - 3- Abdy
5923 949 —— =24 Lih
T350 22% yvi bl
P621 224 YA Ldehy
N821 Al Lbrk 4idy
N1 thru N7 yvvs Lik hirdy
1

horse sera received thrdugh the courtesy of the Michigan
State Health Department, Lansing, Michigan.

0 4 ,
Designations of +, 1, 2, 3 and 4 in this and in the suc-
ceeding tables indicate the degree of flocculation observed;
no flocculation is indicated by the minus (-) sign.

P
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1°C. to distinguish qualitative differences in reactivity

at these temperatures. Quantitative Kahn tests were also
performed at these temperatures. The results of these de-
terminations are presented in Appendix A and illustrative
cases are shown in Table II. |

An examination of the appendix and table reveal
that in every instance the sera, whether positive or nega-
tive with the Kahn test at room temperature, show less
reactivity at 37° and greater reactivity at 1°C. The
quantitative titers show a similar trend. It appears
that no uniform relation exists between the titer at
room temperature and the titer at the other two tempera-
tures outside the fact that the titer rises as the reac-
tion temperature 1is lowered. The quantitative results
are statistically considered in forthcoming pages 1in
Table XI in relation to the results obtained in parallel
experiments with unheated sera.

The numbers of sera reacting at all temperatures
taken from Appendix A have been tabulated in Table IIIA
and ITIIB. Table IIIA shows flocculation results obtained
at room temperature with the various animal sera. Those
sera which are described as "strongly positive" were di-
luted with saline so as to be made "weakly positive,"
tested at 37° and 1°C., and these results tabulated in
Table IIIB.
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The range of reactivity given by the animals tested
at room temperature extended from 61 to §2450r cent (Table
IIIA). These results are similar to those reported in the
literature by different authors (XKemp, et al., 1940).

Although the majority of the animal sera studied
showed positive flocculation reactions at room temperature
(72 of 102 chicken sera, 57 of 62 cow sera, 38 of 42 horse
sera, 96 of 102 plg sera, 30 of 49 rabbit sera), this re-
activity was even more extended in the cold, approaching
100 per cent in the sera examined, as is seen in Table 1I1B.
This table reveals that all of the sera of three of the
five animals studied (chickens, horses, pigs) showed floc-
culation reactions at 1°C. Sixty-one of 62 cows (98%) and
46 of 49 rabbits (94%) also showed reactions at the low
temperature. It 1s to be noted that all of the sera listed
in this table were elther negative or weakly positive at
room temperature. In all cases it was found thaf a positive
reaction at room temperature is always assoclated with a
positive reaction at.i°0., but the reactions at 37°C. depend-
ed to a large measure on the dilution of the sera. It has

been a common obsegzgpion that increased dilution of serum

to a given point éﬁn weaken the room temperature results
and render the 37°C., reaction negative, while maintalning
the reactidh at 1°C.

N



TABLE IIIA
" FLOCCULATION (KAHN) RESULTS WITH ANIMAL SERA

72

Source Number . a O, .
of Tested Strongly Weakly Percent Negative Percent

Serum ~ Positive Positive Positive Negative
Chickens 102 50 22 70.6 30 29.4
Cows 62 50 | 91.9 5. 8.1
Horses 42 35 90.5 4 10.5
Pigs 102 86 10 94.1 6 5.9
Rabbits A9 12 18 6l.4 19 38.6
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TABLE IIIB
EXTENT TO WHICH KAHN-NEGATIVE OR WEAKLY POSITIVE ANIMAL SERA
GIVE FLOCCULATION REACTIONS AT 37° AND 1¢c.1

Sourc Number _ Kahn Reactions at:
of - Tested _ 37°C. 1°C.

Serum : Number Percent Number . Percent
Positive2 Positive Positive Positive

Chickens 102 26 | 25.6 102 100

Cows 62 23 37.1 61 98 .4

Horses A2 10 23.8 42 100

Pigs 102 33 32.4 102 100

Rabbits 49 10 20.4 46 94

1'.l‘he sera listed in Table IIIA as strongly positive were
diluted with salt solution to render them weakly positive.

»
»

2In no case did a serum negative in fhe standard Kahn
test (at room temperature) show any reaction at 37°C.
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Experiment 2. Effect on Sensitivity When Kahn-

Negative Human Sera Are Tested at 37° and 1°C.

The flocculation results obtained with 208 Kahn-
negative human sera tested at 37; and 1°C. are presented
in Table IV. The term "Kahn-negative” is used to indicate
sera which showed no reaction in the standard or presumptive
Kahn tests in the Laboratory of Serology of the University
of Michigan Hospital. These sera are therefore considered
to be from. : presumsbly nonsyphilitic patients ﬁut are
otherwise unselected. It 1s emphasized, therefore, that
the human sera, unlike the animal sera studied, were char-
acterized by complete seronegativity.

None of these sera showed any reaction when tested
at 37°C. Seven sera (3.4%) showed some degree of floccu-
lation at 1°C. in the 6:1 and/or 12:1 ratios of serum to
antigen suspension. This tendency toward flocculation was
not especially marked as is seen by the lack of a strong
reaction (4+) in any serum examined. Kahn-negative sera
which show 4+ floccg;gtion in all three ratios of the tpst
at 1°C. have been éfserved but none were present in this
series. This experimeﬁ% indicates that a group of hos-
pitalized, presumably non-luetic individuals, who give
negative Kahn reactions both at room temperature and at 37°C.,

possess potentialities for giving positive reactions at 1°C.



TABLE IV
FLOCCULATION REACTIONS AT DIFFERENT TEMPERATURES
WITH KAEN-NEGATIVE HUMAN SERA

Indicating some tendency toward flocculation at 1°C.

Serum - Kahn Reaction at:

Number 37°C. Room Temperature --1eC.
Tube Tube Tube
123 123 123
1-4 - - -
5 - -— --1
6-7 Lt - _11
8 -— — -11
9 ——- —— -2
10 — —— -12
11 - (0 ——— =22
12-208 —

Percentage of positive reactions at 1°C. = 3.4




Experiment 3. Effect on Sensitivity When Unheated
Animal Sera Are Tested at 37°C., Room Temperature
and 1°C.

In the previous experiments, the serum specimens em-
ployed had been heated for 30 hinntes at 56°C. before test-
ing. In the present expéfinant the effect on the;sensi-
tivity of the Kahn test at 37°C., room temperature and 1eC.
was investigated with unheated animal sera. The results}
of these determinations are presented in Appendix B and 1il-
lustrative cases are shown in Table V. Sera which gave
strong (4+) reactions at room temperature were treated as
had been the heated sera; 1.e., they were diluted with
saline to render them weakly (1+ to 3+) positive at room
temperature. The diluted sera were then tested at 37° and
1°C. to distinguish qualitative differences in reactivity
at these temperatures. |

An.exgminafion of Appendix B and Table V reveals a
pattern of reactivity very simllar to that seen with heated
sera, with the exception of the results obtained with the
unheated cow sera. Chicken's, horse's, pig's and rabbit's
unheated sera reveal a capacity for flocculation reactions
varying from an average of 4+ to negatilve at rogﬁ tempera-
ture: The reactions are invariably more marked at 1®* than
at 37°C. Some cow sera, however, exhibit an unusual tjpe
of reaction. For example, cow serum 5 (Table V) shows a

-- peaction of -24 in the Kahn test at room temperature. At

76
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" 37¢C. the reaction is -44 and at 1°C. the :eaotion is nega-

tive (---) . Apparently, therefore, the reaction 1is strongest
at 37°*, and weakest at 1°C., unlike the other animal sera
tested. It has been shown that human syphilitic sera
-(heated) glve stronger reactions at 37° than at icebox tem-
perature (Georgi,1919) or at 1°C. (Kahn,1940b). It would

seem then that certain ﬂnheated cow sera show a tendency to
behave like heated human syphllitic sera ih-tﬁe;flocculation
test for syphilis.

Of interest is the fact that dilution of these un-
heated cow sera with saline usually reverses the floccula-.
tion trend at 37° and 1°C. Thus, serum 5-(Table V) which
gave a stronger reaction at 37° than at 1°C. in an undiluted
state showed, on dilution with saline, a lower quantitative
titer at 37°C. (titer of 3) than at 1°C. (titer of 20). It
should be pointed out also that this difference in reactivity
of undiluted and diluted serum at 1°C. takes place under con-
ditions in whichfaﬁproximately the same ratio of serum to
antigen suspension is employed. Thus, in therfirst tube
of the Kahn test the ratio of serum to antigen suspension
is 3:1. In the first tube of the quantitative test, in
which the serum dilution with saline is 1:5 and in which
the diluted serum is employed with antigen suspension in a
ratio of 12:1, the actual amount of serum in relation to
the antigen suspensibn 18 2.4:1. Again referring ?o cow

serum 5 (Table V), it is evident that the serum in an
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undiluted state gives a negative reaction in a 3:1 ratio
of serum to antigen suspension at 1°C., while in a diluted
state (1:5 dilution) the same serum gives a positive reac-
tion in a closely similar ratio at 1°C.

Other considerations arise from an inspection of
the unheated cow sera data in Table V. Reactions of the
type shown by cow serum 6, characterized by greatest re-
activity at 37°C. with no obvious reactions in the quanti-

tative test at 1°C., occurred in ten instances. These are

[T

the sole exceptions noted to the generalization that heated

and unheated sera of the nonsyphilitic animal specles

studied show optimum flocculation at 1°C. Of the ten sera,

nine gave stronger reactions at 37° in an undilufed state

and one in a dilution of 1:2 with saline. Sera diluted

1: 5 or more all showed optimum reactions at 1°C. Sera

diluted approximately 1l:2.5 appear to be in a critical

range usually exhibiting strongest reactivity at 37°C.

In some cases stronger reactions were noted at both 37°

and 1°C. than at room temperature (4, 10/141; 5, 10/14;

2, 12/3; 5, 12/3; 17, 12/3; 2, 12/6. Appendix B). | ‘
A more extensive picture of the behavior of unheated

cow sera (titer < 20) at 37°C., room temperature and 1°C.

with qualitative and quantitative flocculation tests is

1In this and succeeding references to certaln sera,
identification is made by giving the serum number first
e.g., 4) succeeded by the month and day of examination
e.g., 10/14).
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presented in Table VI. Certain flocculation zones appear-
ing on dilution of serum with saline are noted at different
temperatures. At 1°C., the flocculation reactions with un-
diluted (unheated) serum are negative, becoming positive in

a definite range of dilution and becoming negative again on
higher dilution; the corresponding reactions at 37°C.. merely
become weaker on dilution. In certain instances, at low di-
lutions flocculation is more marked at 37°C. than at 1°C.,
while at high dilutions flocculation is more marked at 1°C.
than at 37°C.

Seventeen weakly reacting sera exemplifying the zones
of flocculation encountered in most unheated cow sera are
shown in the table. With the exception of serum (1, 12/3),
all the sera show heaviest Kahn reactions at 37°C. either
in an undiluted state or in low dilution (less than 1:5).
Serum'(l, 12/3) was included as an example of a strongly
reacting type which requires dilution of more than 1l:5
with saline to be rendered weakly positive to meet the re-
quirements of this experiment in testing for reactivity at
37° and at 1°C. At this high dilution, the zone of floccu-
lation at 1°C. becomes evident.

Since the 12:1 ratio of the Kahn reaction 1is also
the first tube of the quantitative Kahn test used in these
experiments, the result obtained with it may also be described
as the first tube (undiluted serum) result in the quantitative
test. At 1°C., serum (1, 10/14) (Table VI) shows a reaction
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of 1+ in a dilution of 1:2, 3+ in a dilution of 1:5, 4+ in
1:10, 2+ in 1:20, 1+ in 1:30 and negative at 1:40. Evidently
the optimum dilution of serum for reaction with antigen at
‘this temperature, in a serum-antigen ratio of 12:1, 1s be-
tween 1:5 and 1:10, whereas this serum dilution is non-
reactive at 37°C. Serum (15-12/3) also shows the type of
zone observed, i.e., no reaction at 1°C. in a dilution of
1:5, doubtful flocculation in 1:10 dilution and strong floc-
culation from dilutions of 1:20 to 1:60, while at 37°C. the
reactions become progressively weaker with dilution. 1In
the case of some sera, the flocculation zone at 1°C. appear-
ing on dilution could not be elicited; these sera becoming
completely negative on dilution. Serumg(5, 10/14) is an
example of this type. ,

Heating cow sera at 37°C., for 15 minutes. One of the
possible sources of error in testing unheated cow séra at
37°C. with the technique used in these experiments is the
subject of the experimental examples which are shown in
Table VII. Since the unheated serum is incubated at 37°C.
for 15 minutes before testing and since cow sera heated at
56°C. for 30 minutes show greater reactivity than do unheated
sera, 1t 1s conceivable that the period of heating at 37°C.
preceding testing at this temperature might increase the re-
activity of the serum over that of the unheated serum. This
increase would not be seen in unheated cow sera tested at

1°C. and might therefore account for the discrepant reactivity
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TABLE VII

EFFECT ON FLOCCULATION OF HEATING COW SERA
FOR 30 MINUTES AT 37°C. (INSTEAD OF 56°C.)

M

Reaction of: Serum Heated at 37°C.
Serum Unheated Serum. Serum fo3 0 minutes
Number Serum heated heated Flocculation Reactions
and at 37°C. at 56°C. at:
Date « for for
Examined 30 Min. 30 Min. 37°C. 1°C.
1942 Tube Tube Tube Dilution Tube Tube
123 123 123 of Serum 123 123
with 0.9%
Saline
1) 1/2 _— _— +24  Undil.  -——- —
1:10 — FAh
2) n -1 —+3 444 Undil, thh,  *hd
1:2 =4 —*-
1:10 —— 344
L) " -12 -+2 hhdy Undil, ik +hd
1:10 © —— 344
5) = - - +44 Undil. A —_—
1:5 —_—— —_—
6) n _— -4+ A Undil. -4y _—
1:10 _— -33
1) 1/3 S —+4 Lidy Undil. +44 -+
- 1:10 — 44
2) = 44 *Ah Lhky 1:2 Xh4 -+
1:10 B +44
L) n -+1 —— =4l Undil, -4t -t

1:10 —_——— ———




- 84

of unheated cow sera. The resglts obgserved would then in-
clude an uncontrolled varisble. In order to determine this
possibility, cow sera were tested unheated, after heating
for 15 minutes at 37°C. and after the usual heating peiiod
of 30 minutes at 56°C. As is shown in the data of Table
Vii, sera heated for 15 minutes at 37°C. showed no aﬁpreci-
able difference in results obtained at room temperature
from those obtained with unheated sera at room temperature.
Moreover, the 37°C. heated sera exhibit reactivity similar
to that shown by the unnheated sera when tested at 37° and
1°C. (1. e., stronger reactions at 37°C. than at 1°C. in
the undiluted state and zone reactions at 1°C.).

Dialysis of Unheated Cow Sera. A serum-dialysis

experiment was performed with unheated cow sera in an at-

tempt to determine whether the zone type of reaction was

]

due to some non-protein factor of dialyzable»nature.

The dialysis of serum, in 2.0 cc. quantities,
was carried out against running distilled water in
a cellulose acetate casing.l asing of approximate-
ly 5/8 inch diameter was used. - The bags were pre-
pared by twisting the cas{gg repeatedly until a
constriction about one inch in length appeared. A
portion at the top and bottom of this constriction
was then securely tied off with strong string and
the constriction then cut between the two tied off
portions. The casing was then cut about two inches
above the knot. After wetting and opening the bag,
the open portion was tied into a firepolished bit
of glass-tubing, open at both ends, with a rubber
band. Dilagram I illustrates the appearance of the
completed bag.

1
Sold by Visking Corporation, Chicago, Illinois.
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The bags were tested for leaks in the closed off
portion by suspending in air and fillil all the
bags made at one time (usually 16 or 20) to the same
point with distilled water. Since dlameters were
the same in all instances, it was assumed that the
decrease in volume of each bag should be the same
i1f the cut portions were securely closed. It was
proposed to discard any bag which showed a lower
water level than the other bags after standing on
the bench overnight. However, uniform success,
attending the preparation of the bags, none of
which had to be discarded because of faulty con-
struction.

Dialysis was carried out against running dis-
tilled water overnight. This time was sufficlent
in all cases to yleld a negative chloridel and
sulfate? test with the serum. The dlalyzing bags
were then fanned for about an hour to reduce the
volume, the contents stirred up by "working®™ the
bag, and then poured into a graduated test tube..
The bag was washed out with successive 0.2 cc.
amounts of distilled water to make the volume up

IQualitative test for chloride: a loopful of serum was
added to 0.2 cc. distilled water which was acidified with a
few drops of‘HN03. AgNO3 solution was then added with a
dropper. -

2Qualitative test for sulfate: a loopful of serum was
added to 0.2 cc. distilled water which was acldified with a
gew drops of HNOj3. BaCl, solution was then added with a
ropper. ‘
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to 2.0 cc. (the starting amount of serum). Twenty
milligrams of NaCl (Baker's A.R.) were poured into
the mixture, whereupon the precipitate readily went
into solution. Usually a slight amount of undis-
solved material remalned necessitating a short
period of centrifugation.

After testing the unheated sera at room temperature
(results recorded in Table VIII as "Undialyzed") the speci-
" mens were Split into two portidns. One portion was dialyzed
(results recorded in Table VIII as "Dialyzed") and 'the
other ("Control") placed in glass tést tubes and kept im-
mersed in the dialyzing bath for the same length of time
as the dlalyzing sera.

It 1s seen from the results presented in Table VIII
that dialysis had no effect on the zone type of reactivity

peculiar to unheated cow sera.

Lability of unheated plg sera on standing at room

temperature. In discussing the reactions of different un-
heaté& animal sera, it 1is apropos to insert here the ob-
servation of a possible source of error which would
influence quantitative results quite markedly if it were
found true for all speclies studied. The observation in
question is that unheated pig‘sera giving negative Kahn
reactions, begin to give positive reactions after standing
at room temperature. Although in practically all experi-
ments a uniform time elapsed between the taking of the

.~ blood and the testing of the serum, occasionally the time

relationships in the routine procedures were varied.
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TABLE IX

| ILLUSTRATIVE EXAMPLES OF THE TENDENCY OF UNHEATED PIG SERA
70 SHOW ENHANCED REACTIVITY-AFTER AGING AT ROOM TEMPERATURE

N

Serum Intervals between Kahn Reaction
Number, First and Second
Date Examination First Second
Examined ' Examination Examination
Tube : - Tube
: 123 123
1. 11/3 5% hours _— Addy
2. " n B -t _44
3. n . " -44
he n n —— -23
5 - " ” — s _:.1
6. " n ——— -—1
7o n n === ~+4
8. & " —-- Addy
9. " n - + 44

The data shown in Table IX are based on a chance ob-
servation noted during the performance of the experiments
with plg sera. After five and one-half hours! standing at
room temperature, nine negative plg sera showed varying de-
grees of reactivity. It should be noted that the horse sera
examined in these experiments were reéeived from Lansing in
an unheated state. On the basis of the findings with pig
sera, it is possible that the reactions obtained with horse
sera might have been different if freshly separated sera had
been employed.

Comparison of results obtained with heated and un-

heated animal sera. The unheated sera of the various animals



89

\ :
employed reacting at all temperaturé; h;ve been tabulated
in Tables XA and XB. Thesevtables present summaries simi:
lar to those shown for heated sera in Tables IIIA and IIIB.
Table XA shows flocculation results (Kahn) obtained at room -
temperature with the unheated sera. Thbé; sera which wére
nstrongly positive"™ were diluted with saline to render them
"weakly positive,” and tested at 37° and 1°C.; and the re-
sults are tabulated in Table XB.

As 1s true in the case of heated sera, unheated sera
also approach 100 percent of positive reactions at 1°C.
However, the number of reactions at room temperature and at
37°C. were not the same with unheated as with heated sera.
Thus,\an increase in the number of reactions obtalined at
room temperature with unheated sera ofer that of heated
sera was noted in the case of chickens (15%) and of rab-
bits (314) . On the other hand, a decrease in the number
of reactions obtained at room temperature with unheated
sera was noted in the case of cows (33%) and of pigs (43%).

In the case of horse sera, although individual specimens varied
markedly in their reactions, as a whole they showed about ’
equal activity in a heated and unheated state.

Table XB shows that with the exception of the cow
sera, the reactions in the unheated group equalled or ap-—-
proached 100 percent at 1°C. If the reactions of cow sera

following dilution are considered, however, (Appendix B) 52
of the 62 cow sera listed in Table XB (84%) showed reactions

at 1°C.
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 TABLE X A

FLOCCULATION (KAHN) RESULTS WITH UNHEATED ANTMAL SERA

ource Number
of Kalm Reactions:
erum Strongly Weakly Percent Negative Percent
Positive Positive Positive : Negative
hickens 102 68 19 85.0 15 15.0
w
ows 62 25 11 58.1 26 41.9
rses 25 | 22 0 88.0 3 12.0
igs 102 17 35 51.0 50 49.0

bbits wh! 18 20 92.5 3 7.5
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TABLE X B

I T

EXTENT TO WHICH KAHN-NEGATIVE OR WEAKLY POSITIVE
. UNHEATED ANIMAL SERA GIVE FLOCCULATION REACTIONS
AT 37°C. AND 1°Ci

Source Number Kaln Reactions at:
of Tested 37°C. ’ °
Serums Number Percent Number Percent
Posit'ive? Positive Positive Positive

Chickens 102 26 25.6 102 100
Coms 62 51 82.5 24 38,8
Horses 25 8 32.0 25 100
Pigs lO%L 7 6.2 101 99.0
Rabbits 41 6 14.6 - 40 . 97.6

1. The sera listed in Table X4 as strongly positive were di-
Juted with salt solution to render them weakly positive.

2. In no case did a serum negative in the standard Kahn test
(at room temperature) show any reaction at 37°C.

3. Quantitative reactions not considered. See page 89 .
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It 1s of interest to note that, although the number
of room temperature reactlons obtalned with unheated
chicken sera (Table XA) exceeded the number obtained with
heated sera (Table IITA) , there was no corresponding 1in-
cresse 1in the reactions with unheated sera at 37°%. co-
1ncidenta11y, the same number of reactlons at 37°c, were
obtalned with both hested and unheested sera (in 25.6 ver
cent of cases) although not ;ith the same sera. It 1s of
interest also that the unheated rabblt sera whlich showed
an lncreased@ oercentage of resctisns in the unheated state
at room temoerature (92.5 per cent unhested 2s a2gelnst
61.4 per cent heated), showed even fewer reactions at 37°¢.
in the unheated state than did the heated sera (14.6 per
cent unheated as agalinst 20.4 ner cent hested). Unheated
nlg sera, on the other hand, éhowed fewer reactione at
room temperature and at 37°¢, than 41d the heated sera.

The data obtalned with the Kehn test st the three
tempefatures with animal sers are smolified by the use of
the guentitative test a2t these temperstures. Teble XI
lists the averages (arithmetic means) of the cusntitative
flocculation titers of the heated and unheated animal sera
studled.

Thegse titers were obtalned by meens of the quenti-
tative srocedure described on vcage 65 and are expressed in
units. The aversges of these titers at the three temmera-

tures, for sera glving reactions lese than 4 4 ag well
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as for sera giving reactions of 4+ or higher, are listed
in Table XI. Averages for the total number of sera
tested are also shown in the table. The quantitative
trends follow those indicated by the Kahn test results;
il.e., highest titers were obtained at 1°C., lowest titers
at 37°C. One exception to this generalization is noted
with unheated cow sera which had an average titer of 12.7
at 37°C. and of 10.8 at room temperature. The average
titer of these sera at 1°C., was 74.

Of the aniMéié studlied, highest average titers
" were obtained with heated pig sera at 1°C. (124.7), lowest
average titers with rabbit‘sera at 37°C. (one to two units
in the heated and unheated state). Highest room tempera-
ture average titers were obtalned with heated plg sera
(43.6), lowest average titers with rabbit sera (0.9).
The heated pig sera showed the highest average titers of
the animal sera tested at 37°C. (28.2).
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Experinent 4. Effect on Sensitivity When Kahn-
Negative Human Sera Are Tested in an Unheated
State at 37°C., Room Temperature and 1°C.

It was seen previocusly (Table IV) that heated Kahn-
negative human sera show reactions in a small percentage
of cases (3.4%) when tested at 1°C. and no reactions at
37°C. In thé present experiment, unheated human sera
were tested under similar conditions. Table XII gives
Kahn results obtained with such sera tested at the three
temperatures. Of 101 Kahn-negative human sera examined,
reactions were noted at 1°C. only. 8ix sera (6f) showed
flocculation at this temperature which seems to represent

a definite increase over the number of reactions obtained

with heated human sera. Three of the six unheated sera
(3.0%6) showed reactions of an average of 2+ in the 6:1 and
12:1 serum:antigen ratios. Based on the same ratios, only
two of 208 heated sera (&€1%) showed 2+ reactions at 1°C.

It should be emphasized, however, that the 10l un-
heated human sera and the 208 heated sera were all differ-
ent specimens, whereas in the case of the animal sera tested,

the heated and unheated specimens were from the same animals.



, - TABLE XII

FLOCCULATION REACTIONS AT DIFFERENT TEMPERATURES
WITH UNHEATED KAHN-NEGATIVE HUMAN SERA

Serum Reactions Reactions at Reactions
Number at 37°C. Room Temperature at 1°C.
Tube Tube Tube
123 123 . 123
1 O== ——— o
2-3 0-- -— O+
4 0-- - . 0=1
5-6 - O~-- —_— o1l
7-8 O0-- —_—— 022
9 0~-- —-—— 013
10-101 0-- - ———

Percentage of positive reactions at 1°C. = 6.0

2
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Experiment 5. Effect on Sensitivity When
Kahn-Negative Huma!gx Sera Are Tested at 37°C.,

'; Room Temperature, and 1°C. with Sensitized
Kahn Antigen

Although the reactivity of the animal sera studled
approach 100 perkent at 1°C., the same evidently does not
apply to Xahn-negative human sera. It must be borne in
mind, however, that while the animal speciles studied were
characterized by seropositivity of varying degrees with
the Kahn test at rooin temperature, the human sera were
characterized by lack of reactivity at this temperature.
Various procedures are available for increasing the sen-
,sitivity of serologiq/arleactions. A simple one 13’ the use
of the presumptive Kahn test yhich employs a "sensitized"
antigen considerably more_sensitive than standard Kahn
antigen. The presumptive Kahn test; was employed with
heated and unheated human sera at 37°C., room temperature
and 1°C. The results obtained are shown in Tables XIII
and XIV, and are summarized in Table XV.

The pattern shown by the heated and unheated human
sera at 1°C. was magnified by this use of sensitized Kahn
antigen. Of the 109 heated sera tested (Table XIII),
14.9 pevr.*cent showed reactions at 1°C. with sensitized
antigen, while 22.3 percent of the unheated sera (Table XIV)
showed these reactions. One unheated serum (33, Table X1IV)
showed some flocculation at 37°C. and equal reactivity at



TABLE XIII

o8

FLOCCULATION REACTIONS AT DIFFERENT TEMPERATURES EMPLOYING
KAHN-NEGATIVE HUMAN SERA WITH SENSITIZED KAHN ANTIGEN

Serum Reactlons at - Reactions at Reactions at
Number 37°C. Room Temperature 1eC.
Tube Tube Tube
123 2 123
1-3 O-- - 0-+
A4="T 0-- - o+l
8 0-- - 01l
9 O-- - ox2
10 O0-- - 020
11 O=- - 012
12 0-- - 021
13 O-- - 022
1 O-- - 032
15 O0-- - 003
16 0-- - 023
17-18 0—- - 033
19 O-= - 044
20-109 0-—- -

O—-




FLOCCULATION REACTIONS AT DIFFERENT TEMPERATURES EMPLOYING

TABLE XIV

99

UNHEATED KABN-NEGATIVE HUMAN SERA WITH SENSITIZED KAHN ANTIGEN

Serum Reactions at Reactions at Reactlions at
Number 37eC. Room Temperature lecC.
Tube Tube Tube
123 2 123
1-3 O=- - 0-+
4="T7 0—- - O+-
8-10 O0-- - O+ +
11 o YO - 0-1
12-17 O—-- - o+l
18 Q- - 0-2
19-23 O-- - 0+2
24 (o - 011
25 O—- - 0+3
26 O - 021
27 Q- - 012
28 O=- - 032
29 O-- - 033
30-32 O-- - 044
33 o+l - 0o+l
34-103 (o J. -

O—-
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1°C. There were no other exceptions observed at 37°C. with
heated or unheated sera. ‘

This rise in reactivity at 1°C. with heated and un-
heated Kahn-negative human sera was thus greater with sen-
sitized antigen than with standard antigen. In addition,
many of the reactions obtained with sensitized antigen
were quite marked, while most of the reactions with stand-
ard antigen were relati;g:ll‘.yc:ggk. This :l.nc'reas;e%nc::;
activity at 1°C. (14.9/ with heated sera; 22.3/ with un-
heated sera) would indicate that thése sera could be made

to yield even greater numbers of reactions with other

changes in technique.

- TABLE XV

EXTENT OF FLOCCULATION REACTIONS AT DIFFERENT TEMPERATURES
WITH HEATED AND UNHEATED KAHN-NEGATIVE HUMAN SERA, EMPLOYING
SENSITIZED KAHN ANTIGEN

Number of Condition Number of Reactions ats

Sera Tested of Sera 37°C. Room Temperature 1eC.
109 Heated 0 o 16 (14.9%)

103 Unheated 1 (.9%) 0 23 (22.3%)
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Experiment 6. Effect on Sensitivity When
Globulin Fractions of Kahn-Negative Human Sera

Are Tested at 37°C., Room Temperature and 1°C.

A procedure for increasing sensitivity is the uti-
ligzation of globulin fractions of serologically negative
sera. The method for the separation of these protein
fractions has been described on page 63. The globulin
fractions were tested with standard and sensitlized Kahn
antigen. Illustrative examples of the results obtained
with standard antigen are shown in Table XVI. It is
noted that not only were reactions obtained at 1°C.,
but also at room temperature (in confirmation of
Landsteiner and Miiller, 1908; Forssman, 1921; Eagle, 1932),
and at 37°C. The pattern for this reactivity followed
that of the animal sera tested; namely, that the largegt
number of reactions were obtained at 1°C., fewer at room
temperature and the least number at 37°C. 1In all cases
where reactions were obtained af“g;:d., stronger reactions
were ﬁoted at 1°C. §Similar, but more sensitive results
were obtained by the use of globulin fractions with sen-
sitized antigen as seen from Table XVII. It is~evident
from this table that not only are reactions observed with
globuiin fractions which originate from nonsyphilitic human
sera, but that these reactlons can reach as high as 94 per-

cent (Table XVII) of the fractions tested.
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TABLE XVI

ILLUSTRATIVE EXAMPLES OF FLOCCULATION REACTIONS AT DIFFERENT
TEMPERATURES IN THE KAHN TEST WITH GLOBULIN
FRACTIONS OF KAHN-NEGATIVE HUMAN SERA

ii

Serum : Reactions with Globul in Fractions at:
Number, )
Date 37°C. Room Temperature leC.
Examined
1941 Tube Tube Tube
123 . 123 123
6)  2/14 - -—- —
24; 2/13 - —_— -+
22 2/13 —_— | —— -1
147; 2/17 - —_— ~-+1
138) 2/17 ——— —_——— +12
94) 2/17 -t _— +13
143) 2/17 — - =23
130) 2/17 —— ——— . A4
5) .y 343 ~— ~+1 =4y
136) 2/17 —% e 244
3). 2/13 - -13 244
82) 2/17 — =23 44
108) 2/17 -+ -22 byl
47) 2/13 +1% +33 lbidy
13) 2/13 +13 +24 A
96 2/17 —Ledy +34 zzz

10) 2/13 y A 344

—
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TABLE XVII

EXTENT OF FLOCCULATION READTIONS AT DIFFERENT TEMPERATURES
IN THE KAHN STANDARD AND PRESUMPTIVE TESTS WITH THE GLOBULIN
FRACTIONS OF KAHN-NEGATIVE HUMAN SERA

Number of Reactions

Number Antigen with Globulin Fractions_at:
of Sera Employed 37°C. Room 1*C.
Tested Temperature
100 Standard 12 (12%) 20 (20%) 81 (81%)
114 Sensitizedl 38 (27.0%8) 76 (54.3%) 108 (94.0%)

1Specimens diluted 1l:2 with saline in all cases.

It should be added that the actual percentage of posi-
tive globulin reactions may have been greater than that indl-
cated in Table XVII due to a dilution factor in the preparation
of the globulin solution, previously mentioned (pageb4 ). |
This dilution factor with human sera varied from 25 to 40 per:
cent.

The albumin fractions obtained after the separation
of the globulins were also tested with the standard Kahn
test at the three temperatures. The results obtained can
be summarized by saying that they were negative or of very
slight activity. Any slight reactions obtalned were usually
of equal intensity at all three temperatures:
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Experiment 7. Effect on Sensitivity When Globulin
FPractions of Animal Sera Are Tested at 37°C., Room

Temperature and 1°C.

The globulin fractions of the animal sera used in
these experiments were tested at the three temperatures.
The results obtained with the fractions from heated sera
are presented in Table XVIIIA; from unheated sera, in
Table XVIIIB and more extensive illustrative examples with
these globulins from heated and unheated sera, in Appendix C.
The general plan of this experiment with globulins was es-
sentially the same as with the sera considered in the
previous experiments. Briefly, each globulin solution |
was subjected to the standard and quantitatlive tests at
the three temperatures.

In analyzing the results with globuiin fractions
1t will be well to bring to mind the results of Appendi-
ces A and B in which parallel data with the heated and
unheated animal sera, from which the globulln fractions
were derived, are presented. The results obtained with
thé globulin fractions of each of  the animal specles
studied are discussed separately, in relation to the
serum from which they were prepared.

An examination of Table XVIITA reveals first that
most globulin fractions of animal sera (heated) show a

tendency to give weaker Kahn reactions than the sera from
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which the fractions were derived. Thus, the first serum
1isted in the table gives a strongly positive reaction (444),
while the globulin fraction derived from it gives a very .
weakly positive reaction (-22). This tendency is evident
with each of the animals studied. The same tendency 1is al-
so noted with globulin fractions derived from unheated ani-
mal sera (Table XVIIIB). It was seen in the previous
experiment that the globulin fractions of human Kahn-negatlive
sera give a high percentage of positive serologiofﬁgactions.
It_would thus appear that the globulin fractions of animal
sera do not follow the saﬁe serologic/;tttern.

In considering the reactions of the different animals,
those obtained with chicken globulins are discussed first.
Chicken serum (7, 11/2) showed a 4+ reaction in all three
tubes of the Kahn test in both a heated and unheated state.
On diluting the heated serum 1l:7 and the unheated serum 1:8
with saline, room temperature reactiong of weak natﬁre (aver-
age of 1+ in three tubes) were noted. The sera at these
- dilutions showed no reaction at 37°C. and strongly positiye
(average of 4+) reactions at 1°C. with quantitative titérs
of 80 units.

The globulin fractions obtained from the heated and
unheated sera reacted quite differently. The room tempera-
ture globulin reaction with both fractions showed an average

of 2+ in the three tubes of the Kahn test. The 37°C. reac-
tions with both fractions also averaged 2+, but the 1°C.
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reaction in both cases averaged 1+,

When, however, the globulin fractions were diluted
with saline,a different reactlion pattern was observed. When
the fractions”;efe diluted from 1l:5 to 1l:40, the reactions
at 37°C. and at room temperature were negative, while the
reactions at 1°C. were positive in a 1:5 dilution with the
fraction from heated serum and doubtful in a 1:10 dilution
(positive in a 1:5 dilution) with the fraction from unheated
serum. Thus, a zone reaction similar to that exhib;ted by
low titer, unheated cow sera (in which in an undiluted state
no reaction was obtained at 1°C., but on dilution a zone of
flocculation was noted) was observed. It will be seen below
that, on dlalysis of the globulin from chicken sera, this
zone reaction 1is eliminated; while, as was already noted
(Table VIII), dialysis of the cow sera does not eliminate
the reaction.

The other examples of the reactions of chicken
globulins cited in Tables XVIIIA and B show a pattern of
reactivity similar to that of the globulin fractions Just
cdnsidere&. Some globulin fractions derived from weakly
reacting sera showed the type of reactivity exemplified by
serum (7, 10/18) in Tables XVIIIA and B. The serum was
negative in the Kahn test but showed a 4+ reaction and 20
units at 1°C., whereas the.globulin was negative throughout.

Cow globulins reacted alike both qualitatively and
quantitatively whether derived from heated or unheated sera.
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It will be recalled thgt heated cow sera gave stronger re-
actions than unheated sera and the globulin reactions ap-
proach those of the heated sera. To illustrate, cow serum
(2, 10/14) had a Kahn titer of 40 units at room temperature
and this titer was equalled by the globulin solution of both
heated and unheated serum. The reactions at 37° and 1°C. fol-
lowed the serum patterns. The globulin solution of cow serum
(2, 10/13) sh;ws, at room temperature, a more marked reaction
on dilution with saline than in an undiluted state. This
pattern 1s similar to the one noted at 1°C. with chicken
globulin solutions.

Cow serum (3, 12/3) and its globulin fractions present
another pattefn of reactivity. The serum showed a weak room
temperature reaction in the heated and unheated state. The
globulin, however, reacted even more strongly at room tem-
perature than had the serum. This type of reactivity, as
has been previously shown (Table XVI, XVII), is a character-
istic of seronegative human sera.

Horse globulins exhibited essentlally the same types
of reactivity ax the globulins of cow sera. There were,
however, no examples of enhanced reactivity om the part of
the globulin fractions over that of the serum. The room
temperature globulin reactions were usually‘wéaker than the
serum reaction. Also, the globulins derived from heated and

unheated sera were usually of equal reactivity.
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Pig globulins reacted much like horse and cow globu-
lins; E;E:: similar reactions were obtained from heated and
unheated sera, and the pattern of reactivity at the three
temperatures was similar to that observed with the sera.

In several instances, the type of reaction exhiblted by
serum (2, 10/1) was noted; i.e., no reaction with serum at
room temperature or at 37°C., and no reaction at room tem-
perature with the globulin fraction, but weak flocculatlon
at 37°C. and strong flocculation at 1°C. with this same
globulin solution.

Rabblit globulin fractlions were obtalned from heated
sera only and reacted 1nvthe same pattern at 37°C., room
temperature and 1°C. as the sera from which they were de-
rived. These globulin fractions showed the zone type of
reaction at 1°C.; 1.e,, stronger reactions on dilution)in
rare instances only.

Tables XIXA and XIXB list the percentages of posi-
tive and negative reactions obtained 1n the Kahn test at
the three temperatures with the globulin fractions of the
animal sera employed. Table XIXA gives the results obtalned
at room temperature, while Table XIXB gives the results ob-
tained at 37° and 1°C. It must be kept in mind that, in a
number of instances in which the reactions are negative at
room temperature and at 1°C. in an undiluted state of the
globulin, the reactiohs may be positive on dilution. This

dilution factor in regard to the room temperature flocculation



TABLE XIX A

EXTENT OF FLOCCULATION (KAHN) REACTIONS WITH GLOBULIN
FRACTIONS OF HEATED AND UNHEATED ANIMAL SERA

——— e —— —————
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Source  Number Globulin Kamm Reactions:
of Tested From ) Per
Globulin Heated Strongly Weakly Percent Nega- Cent
Fraction or Un- - Positive Posltive Positive tive Nega-
heated tive
Serum
Chicken 102 Heated 1 14 14.7 87 85.3
101 Unheated 1 17 17.9 83 82.2
Cow 62 Heated 31 19 80.5 12  19.5
62 Unheated 28 25 85.5 9 14.5
Horse 25 Heated 8 9 68.0 8 32.0
25 Unheated 10 6 64.0 9 36.0
Pig 102 Heated 57 19 The5 26 25.5
102 Unheated 58 18 The5 26 25.5
Rabbit 33 Heated 3 16 57.5 14 4R 5
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TABLE XIX B

-
EXTENT TO WHICH KAEN-NEGATIVE OR WEAKLY POSITIVE ANIMAL GLOBULIN
FRACTIONS GIVE FLOCCULATION REACTIONS AT 37° AND 1ec.l

e ———
=

Source Number Globulin  Flocculation! (Kaln) Reactions at:
of Tested from 7eC. — 16C.
Globulin Heated or Number Percent Number Percent
Unheated Positive Positive Positive Positive
Serum
Chicken 102 Heated 18 17.7 57 56.0
101 Unheated 15 14.9 56 55.5
Cow 62 Beated 40 64.5 60 96.8
62 Unheated 31 50.0 60 96.8
Horse 25 Heated 7 28.0 23 92.0
25 Pnheated 4 16.0 23 92.0
Pig 102 Heated 33 32.4 99 ~ 97.1
102 Unheated 30 29.5 92 90.2
Rabbit 33 Heated 9 27.2 26 79.8
1

The Globulin fractions listed in Table XIX A as strongly positive
were diluted with salt solution to render them weakly positive.
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results 1ls negligible insofar as strongly vositilve sera are
concerned,

| Chicken globulins showed a marked decrease in reac-
tivity when compared to serum resctions (70.6 per cent of
herted sera were Kehn-posiltive whereas only 14.7 per cent of
globulins obtaiﬁed from these séra were oositive). Globuliln
reactions at 1°9¢. were only about half s many as occurfed
with serum. It 1s evident also from data in the tables
that & slimlilar lessening of reactivity was noted with the
other 2nimal globullins as compared with the éera.

Table XX oresents flocculation zones down by globu-
lin frasctlons of heated and unheated animel seras at differ-
ent temperstures. For example, chicken serum (1, 10/15)
shows in a2 hested state a 144 Kahn reaction. The reaction
of the globullin frection is -12, as ere the reactions a2t
37° and 2t 1°¢. o©On dilution of the globulln fraction of ;
1:5 2nd 1:10, reesctlons sare obtalined at 10d. but not at
room temperature or at 37°C. The -12 reaction at 1°¢. in
an undliluted state and the positive reaction in a 1:5 and
1:10 dilutlon indlqate lnhibition of flocculetlon with the
undiluted globulin.

The chicken speclimens exhibit the "inhibition"
nshenomenon st 1°9¢. with both heated snd unheated sera,
Striking examnles are those of chilcken 1 (10/26) and 1 (11/7).
Tn one case the resctlion éid not spnear until the globulln

was dilluted 1l:5; in another not until it wess diluted 1:10.
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The plg specimens exhibit the phenomeﬁ;n at room

temperature and at 1°C. Pig specimen (5, 10/4) shows a
reaction of --2 at room temperature, yet reacts in dilu-
tions of 1:5 and 1:10 at room temperatu}e with globulins
derived from heated and unheated sera.

Other examples of reactivity in diluted globulins
at room temperature and at 1§c., in spite of thelr ap-
parently weak reactivity in the Kahn test at room tempera-
ture, are seen in the other examples given in the table.

Rabbit sera did not show the effect of dilution 1in
freeing the globulin from the inhibition of flocculation
to any great extent. An exception 1s seen in the case of
rabbit (7, 12/31) which showed a 2+ average reaction in
the test at 1°C. but reacted in a 1:5 dilution (20 unitsj.
Serum (4, 12/30) is a similar example. Horse globulins
did not show the inhibition of flocculation ggtgninggggt \
extent at room temperature as is seen from the/tables.
Some degree of inhibition of flocculation was observed at
1°C., however. Cow globulins follow the general reaction

pattern of pig globulins.
Dialysis of (NH,) 2804 precipitated globulin fractions.

The apparent inhibition of flocculation reactions noted with
undiluted globulin solutions suggested this'dialysis experli-
ment. It was desired to find if the removal of the residual
(NH4)2504 from the precipitated globulin fractions by dlalysis
would remove this inhibitorf'factor. '
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The dlelysls exveriments were carried out with oig,
cov, and horse globulins. The heated and unhecsted sera
from which the globuliné were oreosred were also examlned

at the three temperatures.

The method. employed for the »Hreparation of the speci-

mens to e dlelyzed was as follows;

The tube contalning the serum from which the globulin
vwvas to be oreciositated was marked 2t the lower mneniscus
of the (2 cc.) serum content. Saturated (YHH)QSOUFOIH-
tion wes added slowly with stirring asnd the nrecipitste
cent ifugated. Thle wes done 1n duplicate. The supernat-
SEE*FIuid ves poured into other tubes, acidified and
egain centrifusated to obtain the 2lbumin, The amount of
celine added to just Dbring the globulins into solutlon
vee determined by ceutlous a2ddiltion of the saline fron a
2 cc. nivette graduated in tenths of =2 cublc centimeter.
The duplicete solutions were then pooled, mixed and
divided into two equsal oortions. One portion wes dla-
lyzed overnight against running distilled weter. The
other wss nleced in the refrigerstor overnight. The
dialyzed fraction of globulln usuelly incressed
noticeably in volume =2ndéd a »Hrecioitate anseared. The
dialyzing Degs were suspoended in sair anéd fenned for
ebout one hour in order to reduce the volume to less
than thet of the original semnle. The bag vas then
stirred un thoroughly end the contents poured into a
15 cc. #raduated (tenths) test tube. The bag wes
washed out a2 few tinmes with 0.2 cec. amounts of dis-
tilled water. ™MaCl wes addedé in concentration of
nine mg./cc.

The =21lbumin wes similarly tresated vith the excen-
tion thest apOH wes 2dfed to weak alkaellinity (as de-
termined by testing with a2lkacilé naver) before szlt
veeg adfed. Albumlins usually d1é not show a srecini-
tete on dislyzing. The YMall acded to the z2lbumin
vie,e calculeted in terme of the entire volume which
uguslly included 0.2 to 0.3 cc. of the W/2 YaQH.

The albumin usually went into solution in about

1.0 cec. of liouid. After dlalyels end drylng, they
inverisbly showed & volume leses then 2.0 cc. This
volume wes then sdjusted to 2.0 cc. (or the originel
volume of the serum from whilch they were cderived)
and 20 mg. of-MalCl added.
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The column in Table XXI headed "Dilution of Re-
covered Globulin® refers to the relationship between
the final volume of the globulin solution tested and
the original volume of serum. For example, a ratio
of 1:1.5 in this column would indicate the final
volume of globulin was 3.0 cc., whereas the original
volume of serum was only 2.0 cc. If a globulin frac-
tion 1s diluted with saline, the "Dilution of Re-
covered Globulin®" is taken into account. That is,
if this ratlo is 1l:1.5 and the fraction is diluted
by the addition of an equal volume of saline, the
"Final Dilution of Specimen" would be equal to 1l:3
and not 1l:2.

The results obtalned are given in Table XXI. In
the case of pig sera, dlalysis of the globulin apparently
removed the inhibitory effect on flocculation in most
instances. For example, in the case of pig serum (2, 1/6),
although both dialyzed and undlalyzed globulins reacted to
the extent of 4+ at room temperature, there was a quantita- .
tive difference in thelr reactivity at room temperature
and 1°C., although not at 37°C.; i.e., the undialyzed frac-
tion of globulin from heated serum showed a titer of 80
units at 1°C., whereas the same fraction dialyzed, showed
a titer of 140 units. Pig serum (1, 1/6) exhibited the
typical reaction pattern previously described for pig
heated and unheated serum and for pig globulin. It will
be noted that the globulin fractions were less reactive
than‘the heated serum and more reactive than the unheated
serum. Yet this could have been an artefact since the
"Dilution of Recovered Globulin" of the undialyzed frac-
tion of the globulin was 1:1.5 (i.e., total volume of
globulin was 3 cc. after starting with 2.0 cc. of serum) .
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Removal of the (NH,) 80, seemed to remove an activitating
influence on the fractions tested at 37°C. The undialyzed
globulins showed reactions at 37°C., while the serum and
dialyzed globulins did not. The 1°C. reaetion of %he
sulphate-free globulin is like that of the serum, whereas
'the sulphate containing globulin fraction shows the inhibi-
tion effect. Pig serum (3, 1/6) although not of great
reactivity at room temperature showed reaction in high
dilution at 1°C. Although the dialyzed heated globulin
showed much more reactivity at room temperatmre than the
analogous undialyzed fraction, their 1°C. reactions were
quantitatively equal. The other pig samples show similar
patterns to these described ones.

Dialysis of cow globulins did not result in findings
similar to thosé obtained with pig globulins. Cow serum
(1, 1/9), for example, showed the reaction pattern described
previously for cow sera, l1.e., the heated serum more reac-
tive than the unheated serum, with most marked activity in
the cold; unheated serum exhibiting the zone type reaction
with high titer at 1°C. The dlalyzed heated globulin re-
acted much like the undialyzed globulin, however, with a
quantitative titer far leés than that of the heated serum.
Cow serum (2, 1/9) shows the unusual picture of dialyzed
fractions lower in reactivity at room temperature but higher
in reactivity at 1°C. than undialyzed fractions. Sstill,

these reactions did not reach the intensity of whole serum
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reactions. Sera 3, 5 and 6 (1/9) present similar pilctures.

Dialyzed horse globulins behaved almost exactly as
the pig globulins had, as is éeen from the data. Horsé
serum (1, 12/26) showed a standard Kahn reaction of 4+
in all fractions examined. Quantitatively, however, the
dialyzed portions were much more reactive than the un-
dialyzed fractions at all temperatures (unlike pig globu-
lins which showed more reactivity at 37°C. in the undia-
lyzed fractions). Serum (2, 12/26) shows a similar picture.
Concerning serum (3, 12/26) it will be noted that although
the standard Kahn reaction was -44, on diluting the serum
to the value of "Dilution of Recovered Globulin" the same
negative result was obtained. The undialyzed fractlion was
nonreactive in the cold, whereas the dialyzed portion re-
acted almost exactly like the whole serum.

The dialysis experiments, it is believed, explaln
in the case of horse and pig globulins why the apparently
anomalous fbcculation results were obtained with these
specimens. The same experiments do not explain similarly
anomalous results with cow sera. No experimentally based
explanation can be offered for this. |

Results obtained with albumin solutions of alll the
animals tested were essentially negative at all temperatures
and in dilutions of 1:5 at 37° and 1°C. These solutions
were undialyzed and tested only with standard Kahn antigen.

A few of the samples were lost during centrifugation.
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DISCUSSION

WWhether or not the substance in synhllitic serum
which reacts in tests for syohills 1s 2n antibody to the

Snirochaeta »nallida remailns unknown (Eagle, n. 295, 1935).

A netiiod of enoroach emnloyed to determine whether the re-
sctive substance 1ls 2 sveclfic one has been to attempt to
1ﬁauce reactivity in humen eer%‘derlved from no.n-luetic
sourdég; Results obtsined heve led to much controversy
(nns. L3-U48),

Tn oractice, in snite of conflicting data ('alloy
end Xahn, 1931; Schreus snd Foerster, 1934; Rernett, Jones
and ¥Xulcher, 1935), it hes bheen a working assumption that

g ouslitative difference between sy»nhllitic s2né nonsyohll-
itiéwé;;é does exiest vhich is detected by the test for
gyohllls. vhile this possibility remains, it would seem
£hat the studles oresented hereln efford addltional evid-
ence that 2 teet for synshllies can be so nmodified =s to
~ive incressing numberes of resctions with nonluetic sers
(as well 2 with luetic sera); that "the difference be-
tveen noneyohilitic and syphllitic serums 1ls one ol dezree
r=ether thsn of kind -- ocusntitative rether than
cualitetive. " o

veretofore, ctudlies on nonsyohlllitilc serologlcsal

reactiones heve menerslly veen directed to humen sera which
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téfe negative in tests for syphilis. The attempts to
render them positive have been considered (pps. 43-52).
Animal sera have not been used, evidently because they
already react in certain percentage in tests for syphilis.
Up to the present tihe, no attempt has been made to deter-
mine the extent to which this reactivity of animal sera can
be qualitatively and quantitatively decreased or 1ncreased.
Experiments herein presented indicate that the serological
reactivity of chicken, cow, horse, plg and rabbit sera can
be lessened by carrying out the Kahn test at 37°C. and the
same sera can be made to show reactions in numbers ap-
proaching 100/p%1;r cc::eari'g'ying out the test at 1l°C.

Problems assoclated with the reactivity in tests for
syphilis of the globulins of animal sera havgﬂglso been in-
vestigated. It has been previoﬁsly showﬁ that the re-
activity of syphilitic sera reside in the globulin frac-
tion (Eagle, p. 166, 1938) and that the albumin fraction
is non-reactive. According to Sher'ood,_gg.gg,,(l938),
the reactivity of nonsyphilitic animal sera is also pre- -
sent in the globulin; equally in water soluble and water
1ﬁsoluble fractions, although experimental data have not
as yet been presented. As was observed from the data
herein reported, the globulin fraction contained the sero-

logically reactive portion of the animal sera except that
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speclal means were often necessary to elicit this reactivity.
Thus, the globulin of positively reacting cow sera frequently
gave negative reactions in an undiluted state, but positive
reactions on dilution with saline. Then again, the globulin
of poslitively reacting pig sera, frequently gave negative
reactions, while after dialysis, the reactivity was restored.
It would appear that (NH4%§04 exerts an inhibitory effect on
serological reactivity of the globulin fraction of animal
sera; an effect not éxerted on the globulin fraction of syphi-
litic sera. »
It 1s noteworthy also that, although heated and un-
heated animal s;ra showed considerable difference in sero-
logical reactivity, the globulins derived from heated and
unheated sera reacted similarly. Evidently the treatment
of the serum with (NH4l§O4 destroys the property responsible
for the difference in the reactivity of heated and unheated
sera. Nishio (1929) also observed that the globulin of
syphilitic sera, whether héated or unheated, gave floccu-
lation results in the Kahn test similar to that obtailned
with the heated sera, in spite of the difference 1in reac-
tivity of the unfractioned heated and unheated séra.
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Part Two. Degree of Fixatlon of Complement by
Serum-Antigen 'll1xturesaof & Flocculation (Xahn)
Reaction Carried Out under Different Tempera-

ture Conditions.

Experiment 8. Filxetion of Complement by the

Serum-Antigen !lixture Obtained from the Comoleted

¥ahn Reaction Performed a2t 37°C.

Another a2ceonect of the Xahn resction with enimal
csere 2nd nonsynhilitic human sers vhich wes investlgsted
1nvol;ed a etnudy of the oguestion 2s to wnether the nezative
flocculetlon results obtalined 2t 37°¢., with sers which
showed flocculatlon at lower temrerzturee, was due to
spsence of union between serum (antibvody) 2nd entigen at
thils temperature, or iﬁrthe sresence of such union, to lack
ofieggrezation.of the formed comnlex, leading to an "in-
visible" (solublel) floccul=te, It has been assuﬁed thet 1f
e serum-antlgzen mixture showing no nreciloitate a2t 37%°¢., 416 not
Tix comylement, no unlon of the reactante had occurred; 1if
this mixture 6id fix complement, union had occurred.

The assumstion that fixstlon of complement may serve
ae a2an indicetor of =ntigen-sntlphody unlon is based o the

following: 1) the srecence of floccules 1s evidence of a

reactlion between eserum =2né asntigen in the Xarn test a2nd 1t

lBy the term "soluble" in reference to =n antlgen-
sntibody comnlex, the writer esssumes 2 comnound conelsting
of hydronhilic colloids, which are associsted but retein
an even dlessersion throughout the containing menstrum and
remein ontically invielble.
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has been shown that these floccules fix complement;1 2) 1t
is generally accepted that complement fixation with human
antisera is an indication of antigen-antibody union?
(Wells, p. 196, 1929; Heidelberger, 1941), while absence
of fixation 1s an indication of absence of such union.

Table XXII presents an outline of the combined floc-
cﬁlation—complement—fixation procedure used in these ex-
periments., The procedure has been described in detail on
page 6Q

The results obtalned in Experiment 8, shown in
Table XXIII, indicate that serum-antigen mixtures which
give negative Kahn reactions at 37°C. give correspondingly
negative complement-fixation reactions at this temperature,
while serum-antigen mixtures which give positive Kahn reac-
tions at 37°C. give correspondingly poslitive complement-
fixation reactions ét this temperature. To consider a
representatlive case: serum (36, 4/13) shows a reaction
of --2 in the 3 tube test at room temperature in a 1:1l.5

dilution. Reaction occurs at 1°C. (334) but not at 37°C.

I E—

lxahn (p. 29, 1928) has reported over 98% agreement
between the flocculation reaction result and a complement-
fixation test run on this completed reaction, in over 1,800
sera tested at the Michigan State Health Department labora-
tories.

gAn exception of this finding has been noted by Stats
and Bullowa (1942) in the case of sera from eight pneumonia
patients who had been treated with sulfonamides. The type
specific anticarbohydrate antibody which appeared in the
blood serum of these patients did not fix complement in the
presance of polysaccharide antigen.
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TABLE XXII
OUTLINE OF PROCEDURE FOR COMBINED FLOCCULATION-COMPLEMENT
FIXATION EXPERIMENTS

SerﬁmeAntigen Antigen

Serum
Suspension Suspension Control
from Tube 3 of Kahn Control, cc. cc.
Reaction, cc.
Complement,cc. 0.1 0.15 0.2 0.1 0.1
(2-4 units

Fixation Periods; either (1), (2) or (3)

1 30 minutes at 37°C.
2 2 hours at Room Temperature
3 3 hours at 5°C.
Mixture of T — T
Sheep Red Blood
Cells (5%)
plus Hemolysin,0.2 0.2 0.2 0.2 0.2
cC.
Incubation at either (1) or (2)
(1) 37°C. - until 5-10 minutes after all controls
are hemolyzed.
(2) Room Temperature - until controls are hemolyzed.
Readings: - (complete hemolysis
+ (almost complete hemolysis
1 (about 75% . —
2 ( m 508 "
3 n 25% n

4 (no hemolysis
ac.(anticomplementary)
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The 12:1 ratio tube of the 37°C. reaction does not fix
two units of complement. In the control (syphilitic)
sera, e.g., (33, 4/13), (139, 4/15),(92, 4/23) tested,
good agreement existed between the flocculation and
complement-fixation results.

The latter portion of Table XXIII shows results
of a similar experiment with a‘super4sensitivé antigen.
This antigen was prepared from a beef Aeart powder which
had undergone 15 days incubation at 37°C. Such incuba-
tion generally so modifies powdered heart muscle as to
produce antigens of excessive sensitivity. The sensi-
tivity of the antigen used in the present experiment was
of such nature as to give positive reactions with most
Kahn-negative sera when tested at 1°C. bﬁt not at 37°C.
The serum-antigen mixtures which gave negative floccula-
tion at 37°C. were examined with the complement fixation
procedure. It is obvious from the results that no fixa-
tion occurred in any but the control syphilitic sera. It
would seem safe to say that human sera which react in the
Kahn test at room temperature but not at 37°C. are char-
acterized by an inability to fix complement at this latter
temperature in the combined flocculation complement-fixation
procedure. This finding has been taken to indicate a lack

of reaction between the reactant substances present.

-
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-

Experiment 9A. Dispersability of Floccules in

the Completed Xahn Reaction with Human Sera by

Incubatlon at 37° or 2t 56°¢.
%

It was seen in Exoeriment 8 that lack of flocculation
in the serum-antligen mixture of the Xahn reaction carried
out et 379C. 1s assoclated with the inebility of the serum-
’ antigén mixture to fix complement. It has been noted that
the floccules in a positive serum-zntigen mlxture tend to
dlsappear when incubsted =zt certain temperatures. The
auestlion esrose whether the heat-dissolved floccules would
fix complement.

Tt wees firet necessary to note to vhat extent solu-
tion of the floccules in ¥ahn-nosltive reactlons wes obtalned
by lncubsating the serum-sntigen nixtures at 37° or 56°c.

It hes 1lonz been known thet, on incubastlon of the
comnnleted Xann resctlion at temperstufes higher than room
tenoerature, somne flocculzates tend to dismerse while others
incressed in egize. The renorts of Xshn (1925), “egle and
Tezarov (1930) and of "mckenfuse znd Ebel (1931) hieve been
considered (nns. 35-36).

Tn the eyoperimente to he dilscnseed herewlth 2 defl-
nite relstionshin hass been observed between the dispersabillty
of the floceculec following incubetion st 37° or 56%¢. znd
the qisntitstive titer of the serum. Tloccules from sera

with 2 guantitstive titer of less than four units tended to
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become readily dispersed; those with a titer of four to
twenty units showed about equal prOpensitiesrtﬁ disperse
or to remain undispersed, while those sera with titers of
more than twenty units almost invariably showed no disper-
sion of the floccules.

Results of the effect of incubating completed Kahn
reactions at 37° and at 56°C. are shown in Table XXIV. The.
general plan of the experiment was to carry out Kahn tests
with syphllitic sera and incubate the completed reactions
at 37° and 56°C. at various intervals up to 24 hours. With
one group of sera readings were made after 5, 10, 15, 30,
45, 60 minutes and after 2, 5 and 24 hours incubation. 1In
the-case of the majJority of the sera readings were made af-
ter 15,30, 60 minutes and 5 and 24 hours. The results indi-
cate that floccules lincubated at 56°C. tend to disperse more
markedly than when incubated at 37°C. The results also indi-
cate that in certain serum-antigen mixtures, there 1s a
tendency toward reaggregation of the floc cules upon 24 hours!
incubation.

A summary of the incubation results at 56°C. is given
in Table XXV.
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TABLE XXV

Differences in Dispersability of Flocculates
In Kahn Reacting Sera (Human) of Different Potency

Type of Number
Sera Tested After 20- . atlo °
Number showing Number not showing
Flocculates Flocculates
Positive Sera 39 36 3
Quantitative
Titer of 20+
Positive Sera 42 16 26
Quantitative
Titer of 4 to
€20
Positive Sera 54 A 50
Quantitative
Titer of<4
Negative Sera 16 0 16

Although the number of tests made were not large, the
trend is definite. Of 39 reactlons with a titer of 20 units
or more, the flocculates of only three reactions were dispersed
at 56°C., while of 54.reactions of titer less than four units,
as many as 50 flocculates were dispersed.
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Exneriment 9B. Fixatlon of Complement by Human

serum-Antigen FlocCules Dispersed at 56°¢.

Humen serun-antligen nixtures (Kahn) containing floc-
cules were lncubated for 30 mlinutes at 56°¢, After =ascer-
taining that there were no visible trace of floccules 1n the
mixturse, & vortion of these mixtures was employed in the

complement Ilxastion te

n

t, s oreviously described (»n. 60) .
mhe results sre osresented 1n Table XXVI.

mo exeamine 2z slngle eerum listed in the tsble (27, 4/2W);
the original Kehn reaction ves ~Ll, on incubation ot 56°C.,
the floccules were dlsnhersed 2nd the reaction ep.eared negative,
St11l, com>lement fixation wess obtalined in splte of the eb-
sence of flocculstion. In most instances in which four nlus
flocculsetion becomes negstive on incubstion, complemen-
fixation of two or more unlts 1s noted. Seversl examples
are oresent of onosltive flocculation reculte vhich were

dlesersed to neg=tlve #nd which d&id not fix complement.

e exoseriment thus indlcstes that certaln Kehn floc-
eules cen be so dissereed as to render them invisible to

the eyel snd etill fix complement.

lA number of these nezatlvely sose=ring re=sctions
were obcerved under the microscope (low power) vhere they
showed the a)pesrsnce of true nesstives,
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Experiment 10A. Dispersability of Floccules in the
Completed Kahn Reaction with Animal Sera by Incuba-
tion at 37° or at 56°C.

The problems considered in Experiments 9A and 9B with
humaﬁ sera were investigated with animal sera, except that
in addition to employing heated (30 minutes at 56°C.) sera,
unheated sera were also employed. Table XXVII presents 1il-
lustrative results obtained when completed Kahn tests with
heated and unheated animal sera are incubated at 37° or 56°C.
Such incubation has broadly the same dispersion effect on
floccules obtained with animal sera as that obtained with
human sera. quever, differences in the dispersability of
floccules obtained with different animal sera were noted.

Floccules obtained with cow sera tend to become dis-
persed more readily if derived from unheated serum than if
derived from heated serum. Generally, the higher the quanti-
tative titer the less the dispersability of the floccules,
while the lower the titer, the greater the dispersability.
Thus, in the case of heated cow sera, there 1s a marked
tendency toward dispersion when titers are below 4 and a
moderate tendency when the titers are 4 or above. 1In the
case of unheated cow sera, there 1s a marked tendency toward
dispersion even when the tilters are high. The degree of
dispersion is consistently greater when incubation is carried

out at 56°C. than when carried out at 37°C.
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Floccules obtained with chicken sera tend to become
&1spersed more readily if derived from heated serum than if
derived from unheated serum. As in the case of cow sera,
the floccules formed by high-~-titer sera showed less tendency.
to disperse on incubation than did floccules formed by low-
titer sera.

Floccules obtained with heated or unheated horse sera
showed a high lability to heat and were readily dispersed
in all cases by 1ncubéting at 56°C. Only a few horse sera,
showing titers of 30 or over, forped floccules which were
not dispersed at 37°C.

The behavior, on incubation, of floccules obtained
with pig and rabbit sera was much like that observed with
cow sera. Only heated rabbit sera were examined and no serum
with a quantitative titer of more than 20 units was encountered.
As might have been predicted in this case, all floccules formed
were dispersed on incubating at 56°C.

Table XXVIII summarizes the results of the complete
experiment on the dispersability of floccules obtained with
animal sera following incubation at 37° and 56°C. The posi-
tive reacting sera are divided into three groups on the basis
of the quantitative titers; namely, those with titers of 20
units or more, those with titers of 4 to 20 units and those
with titers of less than 4 units. Of 33 heated cow sersa

showing a titer of 20 or higher, the floccules were little
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TABLE XXVIII

DIFFERENCES IN DISPERSABILITY OF FLOCOULES IN KAHN
 REACTING SERA (ANINAL) OF DIFFERENT POTENOY

T}' \:g;::;l:g::ngé | Ino'nbafon at:

gerum aotions at: 37°0. for 56°0. for
Room Temp. 30 minutes 30 minutes

Heated Unheated Heated Ugheated Heated vgheuted

Qow

ey

Titer of 20+ 33 11 32 10 a2 (o}

Positive BSera

3‘122:‘3?"1‘20 <20 16 1k 16 11 10 1

anRey

Piter of { & 10 13 6 7 0 2

Negative Sera 3 24 1 3 o] 0

Chigken |

Positive Sera

3‘1‘32‘3‘%35 6 8 2 6 2 2

Positive Sera

Ltor of A 20420 39 5% 5 22 5 19

Positive Sera | _

Tter of <% 31 25 0 5 1 7

Negative Sera 26 14 0 0 0 0

Horse

Positive Bera

Quantitative

Titer of 20+ 6 7 2 3 ° °

Positive Sera
Quantitative 0 0 o
Titer of & t0<20 11 13 1
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TABLE XXVIII (Oont'd)

‘Type of Serum Number Showing m of Reactions afier

Flococulation Re- Incubation at: :

actions at: 37°0. for 56°0. for
Room Temp. 30 minutes 30 minutes

noa.ted Unhea.ted l!oatod Unheatod noated Unhoatod

Horse

Positive 8era
Quantitative
fiter of < A& 5 2 (o) o* 0 (o)

Negative Bera 3 3 0 o o o
kg

Positivetgera.
ntitative
gﬁor of 20+ 63 4 55 y L 51 3

Positive Sera .
Quantitative 22 8 14 6 6 2
Titer of & to <20

Positive Sera

Quantitative

Titer of <h 10 36 3 5 e 3

Negative Sera 6 53 o 0 (o] o
bbi

Positive Sera
Quantitative

Titer of 4 t0 <20 & 17 2 3 o o
ositive Sera ’
ntitative 1k 15 p § 2 (o] o

Titer of <4
Negative Sera 11 p § (o] 0 0 (o]




affected by incubation at 37°C. for 30 minutes, and were dis-
persed in 1l sera by incubation at 56°C. for 30 mimutes. Of
11 unheated sera of similar titer, the floocules were little
affecte& by incubation at 37%C. but were all dispersed by
incubation at 56°C. 1In the case of sera showing titers lower
‘than 20, the same general picture 1s noted except that, as a
whole, the floccules are apparently more lablle and show &
greater tendency toward dispersion.

It 1s seen that one of 3 negatively reacting heated
cow sera showed floocules after 30 minutes incubation at
37°C. (although not after 30 minutes incubation at 56°C.)
and 3 of 24 negatively reacting unheated cow sera showed
similar activity. These are th? only examples of heated or
unheated human or apimal sera which were negative in the
Kahn test at room temperature and showed flocculation after
incubation.

Among the chicken serum flocéules, in which a dis-
persion tendency opposite that seen with cow serum floccules
was noted, (i.e., greater dispersablility of floccules ob-
tained with heated serum than with unheated serum), two of
six heated sera with titers of 20 units or more, formed
floccules which resisted 37°C. incubation whereas 6 of 8

unheated serum floccules remainsed after this incubation

period.
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Among the horse sera, all floccules formed by 22 posi-
tive sersa, including heated and unheated sera with titers of
20 or more units, were dlspersed by heating at 56°C, for
30 minutes.

Pig serum floccules proved to be the most resistant
o incubation of the animalswtested, 4]l of 63 heated serum
reactions being undispersed after 56°C. incubation and 3 of
4 unheated serum reactions behaving similarly.

" The order of lability of the heaéed serum floccules
to incubation, of the animals tested might be classified
as follows:

horse » rabbit > chicken » cow > pig > man.
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Experiment 10B. Flxation of Complement by Animal

serum-Antigen Floccules Disnersed at 563;,;

Before consldering comnlement fixatlon results with
these dlsoerced floccules from animal sera, & consideration of
the abllity of anlmal sera to fix complement weas necessary.

Tt 1s notable that sherp dlscrepancy exlsts 1in the
literature between filxstion and flocculation results obtalned
with sera of different enimsls. ¥Yemp, et sl. (1940) have
sunnarized the liltersture on this subject. Comhlement-fix-
ation teste on chickens 1n the nande of five investlgators

and totaling UU1 2nimnels yielded only one nositive result.

v

Th flocculatinon tests, however, ¥emp obtsmlned Lo nosltive

vahn reactlsns with 107 cers; Greene obtsined 5 reactlons
with G sera in the Kline test; Iartelll obtailned 200 oosi-
tives with P00 sera in the Melnlcke ~2nd Sach-Georgl tests;
and so on. Similerly cettle show mmuch fewer fixation than
flocculetion reactione. Usree, cheeo andéd-»nlg cera are in
an indetermlnate clase shnowing asnoOroximestely eaual numbers
of fixstlon =and flocculstion resctions. Rabbits a2lso show
lese resctivity in fixetinn then in flocculation tests.
mable XXITX summerizes the compiement—fixatlon results

obt=2ined with heated chicken, cow, horsé, nilg, =#nd reoHbit
sera. Of 102 chlcken sera tested, none were founé to fix
comolement (with the excestion of 6 pértiel fixations of 2

units) under eny of the conditions of >rimery indubestion
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TABLE XXIX
EXTENT OF FIXATION OF OOMPLEMENT BY ANIMAL SERA UNDER

DIFFERENT OOIDI TIOoNS

Serua  Temperature | lunbor of Sera Bhowing:
ource, and Period
Number of Fixation No Fixation of 7Fixation of Anti-
Tested l‘int:lon 2 units of 2 2 units ocomple-
Complement of Comple- mentary
ment _Results
icke
ﬂﬁ“‘ 37°C. for
30 minutes b7 , 6 o 0
27 Room Temp.
for 2 hours 21 o 0 6
22 7°°o for :
hours 20 0 0 2
EQE.; |
37°0. for .
30 minutes Wit 3 1 0
14 Room Temp.
for 2 hours 7 3 b o
6 5=7°0. for
3 hours 2 1 3 0
Bofge’ e, ¢
° or
30 minutes 11 5 9 0
6 Room Temp.
for 2 hours 1 2 2 1
14 5=7°0s for
3 hours 3 2 9 0
ﬂﬁs 37°0. for
30 minutds 37 10 1 : 0
34 Room Temp
for 2 hours 34 0 0 0
20 5=7°0. for .
3 hours 17 3 0 0
bbit '
33 37.00 for

30 minutes 7 14 12 o)

180me of these specimens were tested with more than one fixation
temperature.
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employed. This same group of sera, 1t was shown (Table III),
yielded 727poait1ve Kahn reactions. NCOW gsers showed a tend-
ency for increased fixatioh as the primary incubation tem-
perature was lowered (4 of 48 positive on 57°C. fixation, 7
of 14 positive on room temperature fixation, 4 of 6 positive
on 5-72C. fixation). Some horse sera fixed complement under
all the conditions of primary incubation employed. Pig sera
gshowed 11 positives in 48 sera with primary incubation at
37°C. and no positives with 34 sera with primary incubation
at room temperature. Only 3 of 20 pig sera fixed any comple-
ment at 5-7°C. On the other hand, rabbits showed fixation
results with 26 of 33 sera with a primary incubation at 37°C.,
while only 22 of the same sera showed flocculation feactions.

It would seem that unlike human luetic sera, animal
sera showed a marked difference with their behavior in floc-
culation and complement-fixation tests.

Another point considered before determining the extent
to which heat-dispersed floccules formed in the flocculation
(Kahn) test wouid fix complement, was the extent to which
the undispersed floccules obtained in the Kahn test with
- animael sera would fix complement. Accordingly, animal sera
.were examined with the Kahn test and with complement fixation
tests carried out with the serum-antigen mixtures containing
floccules, and also with those which were free from floccules,

for control purposes. The results are summarized in Table XXX.
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TABLE XXX

RIXATION OF COMPLEMENT BY SERUM-ANTIGEN MIXTURES OF POSITIVE
FLOCOULATION (KAHN) REACTIONS OBTAINED WITH ANIMAL SERA

ﬁm Temperature : ——__‘_——_———'2=====

oe, and Period Number of Sera Showing:
mbor of Fixation No Fixzation of Fixation of
hlt& Fixation 2 units of > 2 units of
. Complement _Complement .
37°0. for
30 minutes 4o o o]
1l Room Temp.
? for 2 hours 10 3 0
11 B=7°Ce for 11 0 0
93539 37°0C. for
: 30 ninutea y5 i 0
20 Room Temp.
for 2 hours 13 7 0
6 1 5=7°0C¢ for
3 hours 2 i 0
r8e ; .
37°°o for
30 minutes 9 12 2
5 Room Temp.
for 2 hours 0o 3 2
13 H«=7°C. for
3 hours 5 1’* 4
Pi . .
EG 37°0C. for
30 minutes 34 13 1
28 Room Temp. _
for 2 hours 25 3 0
19 . 5"7‘00 for

3 hours 16 2 1
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TABLE XXX (OONT'D)

gerum

Sourcs, and Perlod - Mumber of Sers Showing:®
Fumber of Fixation ¥Neo Fixation of Fixation o
Tostedl Fixation 2 units of > 2 units of
Complement Complement
bit’
37.00 for
30 minutes 6 p o)

lonly those sera which showed flooculation in tube 3 of the
Standard Xahn test are oconsidered.

2Reactions anticomplementary with 2 units of oompiement not
counted.

}Sone of these specimens were tested with more than one fixation
temperature.

‘Pro:lnoculat:lon specimens 1';;; animals used in $pirochete - inoocu-
lation experiment.




165

It 1s evident that the flocculate obtained wiéﬂﬁohiekon
serum showed no greater disposition to fix complement than ,
did the serum itself. Fixation periods at 37°C.,room tom-
perature and in the icebox met with uniform negativity. 1In
only three instances was partial fixation of complement ob-
tained after primary incubation at room temperature for 2
hours. Not much better results were obtained with cow floc-
cules. In 4 of 49 positive Kahn reactions partial fixation
of 2 units of complement was obtailned when 37°C. was the
primary incubation temperature employed; in 7 of 20 positives
complete or partial fixation was obtained when room tempera-
ture was used for primary incubation and in 4 of 6 positives
fixation was obtained when incubation was carried out at
5°-7°C.

The floccules obtained with horse sera gave more posi-
tive fixation results than those obtalned with sera from
cows and chickens. In 14 of 23 Kahn positive horse sersa
fixation of complement was obtained when incubation was car-
ried out at 37°C.; in 5 positive sera, fixation was obtained
when incubation was carried out at room temperature, and in
8 of 13 positive sera when icebox fix;tion was employed.

When combining the various primary incubation methods
employed, it is noted that in only 27 of 41 instances did
the floccules in horse sera fix complement. A total of 25
horse sera were tested, but some of the speclmens were

tested with more than one fixation temperature.
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Pigs showed higher agreement between flocculation and
complement-fixation results when the primary incubation was
carried out at 37°C. Yet, in onlj 14 of 48 positive Kahn
reactions was fixation of complement obtained under these
conditions. Rabbit sera tested for the degree of fixation
of complement at 37°C. showed 14 instances of fixation in
20 Kahn-poslitlve sera.

The data in Table XXX indicate therefore that floccules
obtained in the Kahn test wlith animal sera do not always fix
complement. It cannot.be sald that a given primary incuba-
tion period will give optimum fixation results with animal
sera, since only in the case of cow and horse sera was a
tendency toward more marked fixation at one temperature than
at another noted. |

While these studies were in progress, Sherwood, et. al.,

(1941) stated that: "The floccules formed on the addition

of beef serum to Kahn antigen failed to fix complement, unlike
the similar floccules obtained with syphilitic serum. How-
ever, the floccules formed by horse and rabbit serum d4id

fix complement---."

These authors have as yet not published
their data.

Another aspect to be considered before discussing the
fixation of complement by heat-dispersed floccules, was
whether fixation of complement may be obtained by serum-

antigen mixtures with animal sera from the 37°C. Kahn reac-
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™
tion in whioch no flocculation is noted, but in which the floc-
cules obtained at room temperature did fix complement. The
data are given in Table XXXI. It is evident from this table
that in no instance did these floccule-free mlxtures fix

complement.

TABLE XXXI

COMPLEMENT-FIXATION 8Y SERUM~-ANTIGEN MIXTURES WITH
AN1MAL SERA FROM THE 37°C. KAHN REACTION IN WHICH

NO FLOCCULATION IS NOTED BUT 1N WHICH THE FLOCCULES
‘'OBTAINED AT ROOM TEMPERATURE DiD Fi1X COMPLEMENT

il

PRESSRRRRRRSRRRRE S s e

Source of Number Number Showing Fixation of Comple-

Serum Tested ment by Serum-Antigen Mixture
Which at 37°C. Showed No Flocoula-
tion

Chickenl ) 0

Cow S o)

Horse 14 0

Pig 14 o)

Rabbit® - 14 o)

1l

Floccules formed at Room Temperature did not fix
complement.

2
Preinoculation specimens from animals used in 8:piro-
chetes . inoculation experiment.
We may now consider to what extent heat-dispersed

floccules possess the property to fix complement. Table

XXXII summarizes the results of the experiments with animal
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sera 1n which the floccules obtalned with the Kahn test
were first dlspersed by heatling for 30 minutes at 56°C. and
then tested for complement fixation. Chicken sera (84)
showed no fixatlon. Cow sere (29) showed filxation in four
1n§pances. Horse sera (38) showed fixation in nine in-
stances. Pilg sera (43) showed fixatlon in three instances,
and no fixsatlion was obtalned with the disnersed floccules
of rabbilt (22) sera. As might have been nredicted from pre-
vious considerat§0ns, it anoears that there 1s relstively
little tendency toward fixation by floccules dlspersed‘as
é result of 30 minutes heating st 56°C.

It was of interest to determline 1f those floccules
which were not disosersed by hesting at 56°C.,'possessed
the capeclty to fix complement. As 1s evident from the
data 1n Table XXXITII, this cepacity is only slightly

greater than that shown by the heat-dlspersed floccules.
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TABLE XXXII

FIXATION OF COMPLEMENT BY ANIMAL SERUM - ANTIGEN MIXTURES IN WHIOH
| THE FLOCOULES (KAHN) WERE DISPERSED BY INCUBATION AT 56°C.

Sorum Tempeorature
gSource, and Period '

Fumber of Fixation ~ No Fixation Fixation of TFixatioh of
fested : 2 units of >2 units of
Complement Complement

N | v
@ﬁm 37°C. for

30 minutes 39 0 o]
6 Roem Temp.
for 2 hours 6 o 0
9 7°°o for
hours 9 (¢} 0
for
7 7°0. for
0 minutes 16 1 0
10 Room Temp,
' for 2 hours 8 1 1
2 5=-7°C. for
30 minutes 1 1 0
gnsse
37°0. for
30 minutes 22 ) o
L} Room Temp.
for 2 hours o 4 0
12 5-7°0. for |
3 hours 7 2 3
by
1 37°0C. for »
30 minutes 29 2 o)
11 Room Temp,
for 2 hours _ 10 b § 0
R 5=7%0. for
— 3 hours h 0 °
Rabbit
22 37°C. for

30 minutes 22 0 o
- yntyqomplepentary Results not Considered |
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TABLE XXXIII

.FIXATION OF COMPLEMENT OF ANIMAL SERUM - ANTIGEN MIXTURES IN WHICH
THE FLOCCULES (KAHN) WERE LITTLE AFFECTED BY INCUBATION
»  Temperature ) ! )

Source, and Period Number of Sera Shotigg;l
Number of Fixation No Fixation PFixation of 2 PFixation of>2
Tested units of units of
— Complement _Complement
Chicken
3 37°C. for
30 minutes 4 0 0
0 Room Temp. )
for 2 hours ' 0 0 0
1 5-7°C. for |
3 hours 1 0 0
Cowl
29 37eC.. for
30 minutes : 26 3 0
3 Room Temp.
for 2 hours 0 2 1
5 5=-7°C. for '
3 hours 2 3 0]
Horse (A1l Reactions were Dispersed on Incubating at
56C. for 30 minutes).
Pig 37°C. for
17 30 minutes 16 1 ' ~ 0
18 Room Temp.
for 2 hours 17 1 0
16 5=-7°C. for
- 3 hours 16 o 0o

Rabbits? (A1l Reactions were Dispersed on Incubating at
56°C. for 30 minutes).

1
Anticomplementary results not considered in tabulation

2
Pre-inoculation specimens from animals used in
spirochete 1inoculation experiment.
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DISCUSSION

The problem of soluble antigen-antibody complexes
has received consideration in connection with other immuno-
lozical studies. Gay (1905) in discussingz observations of
Sachs related to "anticomplements of normal sera" claimed
that they "are simply specific serum pfecipitates (non-
visible) capable of fixing alexin."

The Wassermann reaction has been considered an ex-
ample of an ordinarily invisible union of readtants which
can fix complement; Jacobsthal (1911), for example, observed
aggregates of particles when Wassermann-positive mixtures -
were subjected to darkfield illumination. "There are no
_large visible or sedimenting clumps bhecause the antigen is
used in too small quantities to pgive ontically visible aggre-
gates." (Bagle, 1920).

Hartley (1925) found that diphtheria antitoxin minus
its ether soluble constituents did not show flocculation when
mixed with toxin aithough it 4did secem to combine with and neu-
tralize the toxin, since guinea pigs injected with the mix-
tures showed no toxic effects. Similarly, Horsfall and Goodner
(1235) found that removal of linids from Type I antipneumococcus
horses and rabbit serum caused a loss or marked rsduction of
visible agglutination or precipitation. Topley and Wilson

(p. 132, 1936), include "Simple haptens," in a classification
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of entlgens, as those "posseesing immunologlcel epécificlty,
combining with the homologous antibody end so sreventing ore-
cloitation, but nelther forming a srecipltate in vitro, nor
stimulating entlbody oroduction in vivo."

Heldelberger =nd hils assoclates heve investigsted the
problem from the bolnt of view that certain speciflc entigen- —
antibody mixturee in certain ratios may be "soluble," i. ge.,
non-nsrecloit=ting., Feldelberger (1939) has reviewed osrevious
sneculetion 2nd exoerlimentatlon of various workers =z=long this-———
line. Using =2n azoonroteln-antibndy systen, Heidelbergef aﬁd
Yendall (19359 believeévthey oroved the exlstence of a
"soludle® unilon in the ratio's containing small amounts of
antlbody 1in relation to the amounte of antigen oresent, i. e.,
1:}3 (sctusl rstlos ziven =2re 1.08 =2nd 1.11 to 1). @Proof
recsted on finding thet further addition antibody orecloltated
in toto entigen an? 2ntiboady in the susernatsnt fluld (ratio's
reaching 10;:;1). The esuthors ctate: "Tt would seem that the
entire emount of dissolved sntigen-=2ntibody eomoound snresent
in the allouot s»nsersrs in the oHrecinitste formed with fresh =nti-
bDody in excess--." Simlilar relatiosnshlse were later found by
thece suthores (1935b) to hold in the cese of the reaction beT
tween crystslline chicken esr 2lbumin 2nd ites ranvolt antiserum.

veidelbercer, Trefferse, and Teyer (19L0Y chesrscterized
ee "yunivelent, " the antibody from »~ rehlt =nd 72 noree which

weg eongldered "lov zrasde or "incomolete" becsuse of 1its
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inability to alone precipitéteAthe antigen, though on addi-
tion of a strongly precipitating antibody, this univalent
antibody was shown to have been in a state of "soluble"
union with the antigen.

Pappenheimer (1940) also demonst:g}gg/;he non-precipi-
tating reaction between chicken egg aibumin and the same
horse anti-albumin serum. On mixing the reactants no pre-
cipitate was observed after usual 1ncubation. However, on
addition of a strongly precipitating rabbit anti-egg albumin
serum, no reaction occurred which was interpreted as meaning
that the antigen was no longer available; that it had com-
bined in a "completely soluble antigen-antibody system" with
the originally added horse antiserum.

More recently, Rivers (1942) in reviewing some recent
work of Smadel and Rivers stated that fresh virus-free fil-
trates from vaccinia-infected skin of rabblts contaln an
antigenic, soluble, specific substance (designated L) which
is labile to the effect of heat, i.e., "when heated at 56°C.
L no longer is precipitated in the presence of its anti-
serum; however, it inhibits L antibodies so that when un-
heated L 1s added to the mixture no precipitate occurs.”

The explanation of this finding would seem to necessitate

the existence of some soluble complex of L and its antiserum.
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Kleczkowski (1941) has shown that bushy stunt virus
antisera from the rabblt loses its precipitating power for
this antigen'on being heated at 756°C. for 10 minutes. Yet
the abillity of this heated material to combine in'a "soluble"
state with the virus seems preserved since the addition of
unheated antiserum does not result in precipitation.

This brief review of "soluble antigen-antibody re;
actions 1s presented because of the question whether the
lack of flocculation in mixtures of serum and l1lipid antigen
at certain temperatures is due to a '"soluble' union. It
was seen in the experimental section that certaln non-
syphilitic human sera, when mixed with 1lipid antigen showed
flocculation at 1°C., but no flocculation at 37°C. Whether
or not this lack of flocculation at 37°C. was due to a
"soluble” factor was investigated by means of complement
fixation. It was believed that by adding complemeﬂt to
this serum-lipid antigen mixture, fixation would take place
if actual union had occurred between thé serum and antigen .
and no fixation would take place if no union had occurred.

The fact that no fixation had taken place would thus in-
dicate that in this instance no "soluble" conpound existed.

In connection with "soluble" antigen-antibody mix-
tures, it is of interest to note that syphilitic serum-antigen
floccules "dissolved" by incubation at 56°C. were still able to
fix complement. This finding would indicate that the disappear-

ance of serum-antigen aggregates does not necessarily indicate
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the splitting of the serum-antigen complex.

This method is not applicable to animal sera showing
flocculation although indistinguish;ble from the floccula-
tion shown by leutic sera. 77 -~ Phelr behavior is not
like leutic sera, i.e., the formed floccules (Kahn reaction)
do not consisﬁggtly fix complement. The floccules of luetic
sera almost invariably fix complement (Kahn, 1928), while
the floccules obtained with animal sera rarely fix complé-
ment (pps. 152-6). The non-fixation of complement by floc-
cules of animal sera might lead one to suspect a basic
difference between flocculation reactions with these sera
and reactions .between antigen and antibody in the classical
sense., However; Zinsser and Parker (1923) observed that a
saline soluble antigen obtained from pneumoccoccl, reacted
with specific horse antiserum (two different pooled lots)
but did not fix complement although 4 rabbilt antisera did
fix complement under the same conditions.,.

Goodner and Hor:s:fall (1936) have since confirmed this
observation and found that specific horse antisera for a
capsular polysaccharide of H.influenzae and a somatic carbe-
hydrate of the Pneumococcus will not fix complement al-
though reaction does occur. Pneumococcus protein added tok

-

{mmune horse serum did result in reaction and fixation of

complement.
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Heidelberger and Mayer (1942) found that horse anti-
pneumococcus Type VIII serum did not fix either guinea pig
or human complement although reacting with homologous
\antigen, It would seem to be established, therefore, that
"certain specific antigen-antibody reactions may occur which -
do noﬁﬂfix guilnea pig complement. The fact, therefore, that
animal serum floccules obtained with a test for syphilis
rarely fix complement cannot be used to distinguish this

reaction from reactions obtained with immune sera.
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Part Three. Flocculation Reactions at 37°C., Room

Temperature and 1l“C. Given by Rabbits in Relation
to their Age. Experiment 11.

The third experimental part of this thesis is con-
coerned with the flocculation reactions of sera obtained with
a group of rabbits which were tested at intervals of from
14 to 20 days beginning with the time whén they were 7 to 8
weeks o0ld, until maturity. An opportunity was afforded to
make this study as a result of the next experiment, 1in Part
IV, in which serologlcal studies were made on rabbits before

and after inoculation with Spirochaeta pallida. It was de-

sired to secure the rabbits at an early age in an attempt
to control their environment as completely as possible as
they matured.l Also, it was deemed necessary to study the
serological behavior of these animals as they grew to ma-
turity in order to learn as much as possible_goncerning
this behavior preceding inoculation.

To our knowledge, no controlled study has as yet been
made of the relationship between age and the appearance of‘
serological activity in tests for syphilis in normal animals,
though incidental observations have been noted. Wendt (1925)

has found that while many cattle sera showed (lcebox fixation)

1

Some evidence has been noted which polnts to a re-
lationship between certaln environmental conditions and the
positive serology of normal rabblts.
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massermann nositive reactilons, calf sera were ususlly negative.

wackie and Watson (1926) observed that,rwhlle thé_sera of
adult cattle, sheep and rabblts, with few exceoptlons, were
positive 1n the (37°c. fixation) Wassermann or Sachs-Geod¥gl
recctione, the sera of calves and lambs 2nd the pooled sera
of young rabbits were ususlly negative. vositi#e réactions_
were noted by these authors in the pooled rabbit sera taken
st a2bout 60 days of age. Sherwood, Bond snd Clark (1941)
end Xemp, Fitzgerald and Shepherad (1941) have more recently
resffirmed thése dbservations and clsimed to have obtained

eimiler results for beef, dog-end sheeo sera.

;ggg ogtgggesabblts used in the experiments to be re-
porteé/from 2 commerclel courcel with the stipulation that
the dey of birth of each pnimal be known. Mewborn litters
hed thelr birthdsys tatooed on their eers with India ink and
vere melled@ when so-roximately H0-60 deys old. The welghts
of the several etrzins of rabbits on arrival varied from
eporoximstely one to two poundés,

Thirty-two young rabblite were employed. The ages of
these snimals veried from 6-8 weeks at fhe beginning of the
experiment. Twenty—five animale (9 females and 17 meles)

survived throughout the experlment. At apgroximately‘u

months of sge, 211 exceot 4 (2 males end 2 females) of these

1Rockland Farms, “Tew =~ Tk Cilty, lYew York,.
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animals were inooculated with the Spirocheeta pallida

The animals were bled by heart puncture at 14 to 20
day intervals and serological studies at 37°C. room tempera-
ture and at 1°C. with heated (30 mimites at 56°C.) and un-
heated sera made as previously described for other animals
(page 56 ).

Table XXXIV presenfs the Kahn reactions given by 9
of the rabbits at different intervels. The reactions given
by the other animals, fall into patterns similar to those
j1lustrated in thls table as can be seen by observing the
preinoculstion Kahn reactions for all the rabblits in Ap-
pendix D.

It will be noted from the table and the appendix that
gll the 32 animels were negative with the standard Kahn Test
when orig;nally examined at the ages of 6 to 8 weeks. At
this first examination three rebbits showed positive floccu-
lation reactions with heated serum at 1°C. and seven animals
showed this reaction with the unheated serum at the same
temperature. This early response of these rabbits at low
temperature did not seem to presage any future high titer
as is seen in the succeeding results.

Most animals began to become Kahn-positive at an age
of about 80 to 100 days. When the Kahn tests were performed —
with unheated sef;, the animals began to give reactions at

an earlier age (approximately 60-80 days). Reactions were
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elicited earllest (60 days) and were most marked when the
tests were performed with unheated sera at 1°C. Fluctuation
of the standard Kahn reaction in the case of rabbits 481 and
484 was seen as they matured. In the case of rabbit 481,
although the reaction appeared early (in 63 days), it showed
no persistent behavior. The unheated sera and the reactions
at 1°C., on the other hand, tended to be consistent and sta-
tionary at the level of reactivity first developed.

Seven animalsl showed the reaction typified by Rabbit

491, i;_g., a persistently negative Kahn reaction in the

| standard test; weak fluctuating reactions with heated sera
gt 1°C.; and consistent flocculetion with unheated sera both
at room temperature and in the cold. The other animals showed
the pattern of reactivity 1l1lustrated by Rabbits 148, 498,
and 487, in which the Kahn reactions, negative at first, be-
~ came weakly positive, then gradually stronger, with height-
}ened activity in the cold especially in an unheated state.

To summarize, the Kahn resctions showed a definite
tendency to become stronger with age; at 1°C., the reactlions
were consisten?ly stronger than at room temperature; also,

unheated sera gave stronger reactions than did heated sera.

1
Numbers 488, 491, 476, 493, 492, 479, 499.
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DISCIISSION

It has long been known that a relatlonshlp exlsts
between age end immunity. The fact that many dlseases occur
most cocmmonly in childhond@ ls generslly explasined by a lower
degree of 1mmunity to these dlseeses in childhood than in
adult 1life. That the immune resoonse 1s directly related
to sge, ls ceen for examonle in the classical studles with
the Schick =nd Dick teete 1n establishing suscentibility curves.
virezfeld (Yelber et 2l., 1927) belleves that certaln so-
calleé@ "normel® sntibodiees, (e.z., lsohemegslutinine, hemo-
lysins) are inherited geneticelly =2nd theat theserentlbodleé
become functilonally meture af snome gnecific time in the
individuel's develonment; e characteristic wﬁioh Qg referred
to s8 M"serological meturity." Saumgartner (1934) hes re-
viewed the liter-ture on the direct relstionshlp of age to

wmunolozical resctlons through 1933 and has glven further
evidence of thisg relsti-nshilo by ivnunizetion experiments

on young =nd old resobits, to substentiate tine Uirszfeld
theory. K¥ahn (1936) hae denonstrested thet the localizing
sower of the cutsneoue tissues for »rotein entigens possessed
by immnized 2dult ravvite 1le mueh grester than thst
‘poerecced by tmmunized voung ranhite. ‘fore recent reviews
are those of Cannon (1o40) and of Perla end “larmorston

(1941y.




173

Although there exists ample evidence to indicate that
the "antibody" responsible for the complement-fixation and
flocculation reactions in syphilis 1s per se without
jmmunological significance in the sense of being spiro-
ch:e ticidal-or even spiroch:e.telstatic (though lately
rurner (1939) has indicated that protective antibodies
of‘varYing activity may appear in the blood of syphilitic
rabbits), in other respects thils nantibody" behaves like
other antibodies. The syphilitic antibody is affected by
- pH, salt concentration, temperature, alcohol, etc., as are
specific antibodies; the antibody reactions in syphilis
show "prozone" or ninhibition" phenomena similar to those
shown by other antibody reactions. We have seen, however,
that some of these criteria do not apply to non-specific
serological reactions with animal sera (i.e., temperature
factors are different and little relationship exists be-
tween flocculation and complement fixation reactions).
However, the majority of the criteria do hold and the
experiments hereln presented indicate that one more might

be added;;namexy, the increase of serological activity
with age. -
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Part Four. Flocculation Reactions at 37°C., Room

Temperature and 1°C., Given by Rabbits Before and
. ,
After Inoculation with Spirochaeta pallida. Ex- :

periment 12.

From the preceding experiments it was seen that a
characteéistic of seroprositive (nonsyphilitic) animal sera,
4ncluding rabbit sera, is to give stronger reactions when
the Kahn test is performed at 1°C., and weaker reactions
when performed at 37°C. A characteristic of sjphilitic sera,
however, is to give weaker reactions at low temperatures and
stronger reactions at 37°C. (Kahn, et. gl:,1941). The ques~
tion suggested 1itself es to what effect inoculation with
Spirochaeta pallide in rebbits would have on the serologi-

cal reactions of these animals when the Kahn tests are per-
formed at these temperatures. Since normal rabbits often
give positilve serological reactions and since they can be

rendered syphilitic by 1noculation with the Spirochaeta

pallida, they obviously represent a sultable laboratory ani-
mal for the study of the effect of temperature on the sero-
logical reactions before and after inoculatiomn.

Thirty-nine rabbits were used in this study. The
serological reactions of these eanimals preceding their in-
oculation had been followed for‘from one to three months.
All the animals were mature and weighed at least 5 pounds

when inoculated.
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1

The method of 1lnnoculstion with Solrochaeta pallids

wee a8 follows:

The infected testéé of two syphllitic rabblts were
asedtlcelly removed from the scrotal sac, strioned of ad-
ventiltious mempbranes and enldidymis, waghed off with sterile
seline solutionithen dronped into & csterile glass mortar
yhere they were firest riinced with sterile sclssors =nd then
arouynd vith ssnd. “erm esline (U0cec.) w=s greduslly adéed
during this izriading oeriod. The tlscsue and szné were 2lloved

) ant material
to settle =nd the sugernpt/ need e inoculun. 8Silx wet orepe-

rations of the materiél were mnede on i3laes slldes =nd 5 or 7
fields on esch clice ﬁere sesrchied for solrochetes in the
derkfield micrdecone. The oversll =verage for 4 elides end
26 Tielés wes 2 organisms oser fileld. |

In 11, 22 enilnels were inoculsted; of these 22 were
neles =nd 7 fenesles. Seven rabblts (5 meles 2nd 2 femeles)
vere kent ss noninoculsted contrnle. “T2ale rabolts were inoc-
ulsted intratecticulsrly into eltler one or botn testes with
0.5 ec. to 1.0 cc. of the inoculum. Teétes were swaboed
with lodine (29) end alcohol (70%) nefore inocuiating. Fe-
“rle rshnits vere inoculsted mld-dorerslly, in sheved zreas,
wilth O:i to 0.2 cc. smounte of msterisl injected intracu-

tzneoucly 1nto & or 5 arese with slze o4 hysodermic aeedles.
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After inoculation, the animals were restored to their cages,
and treated in all respects as they had previously been
treated. The intervals of bleeding for serological studies
were the same as those prior to 1noéu1ati¢n;rnamely 14 to

20 days. The rabbits were under observation for two and one-
half months post-inoculation, during which time they were
bled approximately five times and the sera examined as pre-
viously.

Appendix D presents the pre- and post-inoculation
record of the serological findings. Each serologicsl exami-
nation included: the Kahn reaction at 37°C., room tempera-
ture and at 1°C. with heated and unheated sera; the quanti-
tative reaction; the complement fixation reaction; the com-.
bined flocculation complement-fixation reaction. A summary
of the data in the Appendix will be considered below. At
present it is aimed to 1limit the discussion to flocculation
results obtained at the three temperatures. These are sum-
\marized in Table XXXV. The results of three serological
examinations are presénted in the table: the last examination
before inoculation of the rabbits and two examinations after
the inoculation. The latter two were so chosen as to bring
out the early and late serologlical effects of the inoculatilon.

On examining Table XXXV, it is seen that there are
listed 18 inoculated rabbits (12 males and 6 females) and

three noninoculated controls. The serological response
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preinoculation in all the rabbits with one exception 1s.as
follows: Weak or negafive Kahn reactions at 37°C.; moder-
ately strong reactions at room temperature and relatively
marked reactions at 1°C. In the case of rabbit Nll, the re-
actions were negative at the three temperatures.

With regard to the flocculation results post-inocula-
tion, it is noted that the Kahn reactions at the three temper-
atures show a reverse tendencj} namely, strong reactions at
37°C., relatively wegker at room temperature and weakest at
1°C. This tendency 1s especially exemplified in the latter
'columné of the table in which the late post-inoculation date
is presented. Thls reversal is noted almost entirely with
'sera that have been heated for 30 minmutes at 56°C. before
examination. In the middle columns a number of reactions are
listed with a view of demonstrating the transition to the
reversed serological reactions.

To illustrate the serological reversal of the reactions
at the three temperatures, the results given by rabbit 4869 ,
the first listed in the table, might be noted.

The last preinoculation reaction with the heated serum
wes -32 at 37°C., -14 at room temperature and 44 at 1°C.

The 19-day posbtinoculation examination révealed a trend
similar to that seen in the preinoculation examinations. Re-
actions obtained 75 days post-inoculation were notably dif-

ferent than the previous results. The room temperature




reactions had become 444. Since strongly positive sera (444)
generally show no differentiation in the flocculation resc-
tions at the different témperaturea, it was necessary to
pender the sera "weak" by dilution with salt solution before
examining at 37° and 1°C. When the serum was diluted 1:3
with salt solution and then tested, it was found that the
peaction at 37°C. was 44 and at 1°C., ¥iI4. It is thus seen
that while the reaction was stronger at 1° than at 37°C.
before inoculation, it was stronger at 37° than at 1°C. after
inoculation.

This same trend of reactivity was seen with all the

other heated sera from inoculated animals listed in Table

XXXV with the exception of sera obtalned from two female

rebbits (4979 and 482% ). These did not show the reversal
in serological reactivity characterizing the other inoculated
animals and their serological reactions were not altered
during the course of the experiment. These animals however
never showed signs of having taken the infection, i, e., all
the other animals, both male and female, developed lggiqggﬁ
at the site of inoculation and among the other 4 female rab-
bits at least two chancres developed on the back of each,
becoming confluent in two cases. It thus seems possible that
these two rabbits were not infected. "~~~ ~_ "~ .

Agong the 12 inoculated male rabbits listed 1n the
table, all except one (U495d8 ) showed sharp rises in the
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qn;ntitativo Kahn titer within a period of 75 dgys following
4noculation. This rise varied frOﬁaSO to over 200 units.

in every case testicular chancres appeared in these animals.
nglatively 1ittle rise in the quantitative titer occurred
among the 4 female rabblits listed in the table which developed
chancres. Of .thesé , rabbits 486 % and 1608 showed a rise

in titér of 12 units, rabbit 04972 showed a rise of 4 units
and rabblt 4899 showed no rise in titer.

It might be suspected that the change in the floocu-
jetion temperature optima would not be an abrupt change.
Transitional types of reactions were noted and are seen in
the t;5£;71nﬁth§_;€;§mbf £he early post-inoculation results
of rabbits 150¢ , 499 & , 264 , N3 d , N22d* and N1 .
This transition period wherein the serum displays equal re-
activity at ali temperatures, occurred after the gquantitative
titer rose in these anihals.

The reversal of the»patternlof serological reactivity
before and after inoculation referred to above occurred with
heated sera. Unheatéd sera, almost uniformly retained their
779g;ginal-property of reacting more strongly at 1° than at
37°C. However, these rabbits (N3 & , N22& , N11 & ) did
show stronger reactions at 37° than at 1°C. with unheated
sera.

It should be stated that although 22 males and 7 fe-
males were 1noculated,-only 12 meles and 6 females have
survived the experiment. The death of 2 males and one feo-

male was attributable to incorrect technique during heart
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punéturo in the post-inoculation period. The deaths of the
.other 8 males was due to some common factor. All these
animals showed similar gross hutopsy changes characterized
by a thick, c¢aseous, nonodorous material which completely
lined the inner wall of the peritoneum. Some of this ma-
terial was inoculated on blood agar plates and into Hibler's
broth. No growth was found in 24 or 48 hours or after one
week. The media was discarded and no further attempt made
to identify the cause of death in the rabbilts.

The serologlcal reactions of the control animals were
characterized by a relative degree of stability. 1In the
three examples listed in Table XXXV (34 & , 25% , 4813 )
it will be noted that the original serologiog}iregptions
observed were unchanged over a period of two and one-half
months.

The flocculation reactions shown in Appendix D give
the complete results for each rabbit used in the experiment.

Complement-fixation results (noted in Appendix D)
with the previously described "combined" technique showed
interesting results in the 75 day post-inoculation group 1in
particular. Excluding the two femalq.rabbits which were
inoculated but remained asymptomatic, the entire group of
syphilitic rabbits with the exception of two animals (U497 % ,
338 ) showed fixation of complement when the combined floc-
culation-complement fixation technique was employed. On
the other hand, none of the control rabbits gave reactlons

with the combined technigus.
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The results of additional complement-fixation experi-

- ments are presented in the appendix. These results deal

with the relationshlp between flocculation and complement
fixation reactions and with the question whether flocculates
fix complement. These findings, however, are not essentlally

different from those previously presented (pp.150-160).
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DISCUSSION

The dets nresented in thls esection would suggest
that syphilitic razbbits, will 2t some time following inocu-
+latlion, show an o@timum flocculation temperature in the
¥xahn test different from that shown by noninfected rsoblts.
whereas nornal revtlte show optimunm serologlcal reactivity
gt 1°C., infected rabbits show ontimum reactivity at 37°¢.
Thie change in reactivity beglns to become evident in e
month or two following inoculstion. That different animals
(cows, chickehs, horeces, oigs, rabbits)"show optimum sero-
loglcel reactivity st 1°¢c. hee been emmheslzed 1in these
studles. Xahn (1940) reported thet optimunm serologlcal
reactivity in human syohilis 1s noied st 37°9c. It would
thus enoesr that syohllitic fabbits and syphiligic human
beings have 2 common flocculstion temscerature od>timum
(37°c.) while nonsyphilitic aininels have =2 different
flocculation tem;ergturevootimum (1°¢.)
Tt 1s of interest to note thet ehiftinz of the optlmum
serological reactivity from 1°¢. to 37°c. following infection

of rabbits with 8pirochseta nallids 1s aonarently due to a

relative chenge in the'guentitative titers st these tempera-
tures. Thue = rabodit (2648 before inoculation nmay show at 1°c.
2 titer of 10 units ~2nd et 3700.‘a titer of zero. After
inoculation the same rabblt may show at 1°c. 2 titer of

40 units, and =t 379C. 2 tlter of 60 units.
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It should be mentioned that the unheated sera of the
inoculated rabblts did not show the shift 1in the optimum
flocculation temperature down by the heated (30 minutes at
56°¢.) sera.

Concerning the two female rabbits (497f2and 482%)
the sera of which showed no reversal in optlimum flocculation
temperature with the Xahn test, the possibllity was alrgady
mentlioned that these snimels may not heve become 1nfected,
lymph node tranesfer 28 » test of 1nfectlon has not been re-
sorted to. The poselbllity of a symptomless infectlon
such 28 1s known in other rodeants (mlce, rats, guilnea pigs)

cannot be excluded.
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IV. SUMMARY

A study hes been made of some aspects of the Kahn
reectlion with animal sera and nonsyphllitic humen sera:

1. It was found that the sera of chickens (102),
cows (62), horses (42), vigs (102), and rabblts (49), pre-
viously heated at 56°C. for 30 mlnutes gave positive Kahn
reectlions in & certazin nercentage of cases, the range of
rezcctlvity extending from 60 per cent to 90 per cént. This
finding confirms the resulte of nervious suthors (Kemp, et al.,
1940) .

2. A technlgue was employed to investlgate the sero-
logical reactivity of animal sera at dlfferent temperstures;
37° and 1°¢. were used. It wes found that by this orocedure
the reactions occurred in considerably greater numbers at
1%, than et 37°c. Thus, chlcken sers gave 100 ner cent
of positive reactions at 1°C. and 37 nser cent at 37°C.;
horse sera, 100 per cent reesctlons at 1°¢c. and 23 per cent
at 37°C.; »ig sera, 100 cer cent reactions 2t 19C. and 32
ner cent reasctions at 379¢.; reboit sers, ol per cent re-
actions at 1°¢. and 20 oer cent at 37°9C. These findings
apoly to sera thet had been heated for 30 mlnutes 2ot 56°¢.

3, "hen the unhezted animal sers vere tested the
resctivity was not the same as thet siown by heated
sera. T'nhezted cow and nlg sera generally gave reactlons

which were weaXer than those given by heated sera. Un-
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heated chicken and rabblt sera generally geave reactlons
stronger than those gilven by heated sera. 1In the case éf
horse sera, the reactions 1n an unhested and heated state
verled in either direction, being in some instances stronger
end in others wesker in an unheated state.

4, Unheated snimal seras tested at 37° and 1°C. showed
the same nattern of reasctivity as the heated sere, with the
exceotion of some (10) weakly reacting cow sera whlchrgave
stronger reactions at 37°C. than at 1°C.

5. Unhested cow sera showed & tendency toward zone
recctivity 2% 1°¢., siving flocculatlon reactlions in cer-
tain dllutions of serum with ssline, but weak or no floccu-
lation resctlone in an undiluted state. Thlis tendency was
removed by heating tﬁe sera for 30 minutes at 56°C.; it
wes not removed by dlalysis of the serum.

6. nlobulin fractions of heated and unheated anlmal
serea tendéd to resct alike despite differences in reactivity
of the whole serun.

7. Globulln fractions derived from positive enimal sere
showed 1instances bf zone resctivity simllar to that shown by
unheated cow sera. This reactlvity could in most inetances
be removed by dialyzing the residual (wHu)zsourfrom the
globulin nrecipitate.

8. Kahn-negatlve human sera may be induced to yleld

positive resilts 1in nrogresslvely increasing numbers Dby:
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a. carrylng out the test with heated serum at
1°C., (3.4 oer cent positive reactions).

be. carrging out the test with unheated serum
at 1°¢C., (6.0 oer cent positive reactions).

c. carrying out the test with hested serum and
gsensitized antigen at 1°¢., (14.9 per cent
poslitive reactlons). :

d. carrying out the test with unhested serum
end sensitized antigen at 1°9C., (22.3 per
cent oositlive reactions). '

e. carrying out the test with the globullin frac-
tion of heated sera =zt 1°C. using standard Kahn
antigen. (81.0 per cent positive reactlons).

f. cerrying out the test with the globulin frac-
tion of heated sers at 1°C. using sensitized
Kehn reaction. (94.0 ner cent positive reactlions).

9. Albumin frsctions of positively reactling animal
and human sera and =zlbumin fractions of negestlively reactlng
animal sers showed eilther no serological reectivity or 1in-
significant reactivity at room tempersture, 37°9C. or at
1%¢.

10. ixturés of human sera and 1lilpid antigen (Xahn)
that show no flocculation at 37°¢. (elthough positive at
1°¢. indicating union of reactants 2t this temnerature)
do not fix comdlement, 1ndlesting Tion-unlon of reactants i
at 37°cC.
11. Tncubstion ot 56°C. of mixtures of serum and

entigen (Xahn) ehowlng flocculatlon, results 1n dissolving

the floccules, the extent of this dlsappearence being
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inversely related to the titer. The floccules in animal
gsere sre more lsbile in this respect than the floccules
in syphllit;c human sersa,

12. The heat-dissolved floccules from syphilltic
sers are capable of fixing complement, suggesting thet the
resctants are in & state of "soluble union."

13. Floccules in chicken, cow, horse, and plg sera
chowed marked Adlscrepancy in thelr canabllity to fix
complemnent. Employing different condltions of orimary
incubation, these floccules in most instznces did not fix
complement. Floccules of ranblt eers cshowed = nilgher
tendency to fix comnlement than thoese of other anlimal

sera. Of 20 rabbite glving ocoslitive reactions, the

floccules in 1U inet=znces (70%) fixed ccmplement (as com-

nared to over 92 per cent of comnlement fixation of floccules

in ¥ahn-oo0citive human synhillitice sera). With few exceptlons

snimel cerum floccules sreviously dispersed by 1lncubeting
2t 56°C. for 30 minuteé 813 not fix complement.

14, Rabbits 50 to 60 days old showed no serologlcel
reactivity (¥vahn). When the eera of these animals were
tested 2t 379 2nd at 1°7. no reesctivity weas noted at 37%%.,
while some gere (3 out of 32) showed resctivity at 1°C.

Ae the rasbbits grew older thelr cerolozicsl resctivity 1in-

cressed. Thie incre=zse wss more notedle at 197, than at
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room temperature. The reactions at 37°C. were essentlally .

negatlve.

15. The 1noculestlon of rabblits with Solrochaeta

pallida resulted in a general increase 1in serological re-
activity at room temmrature, 37°c. and at 1°C., the in-
crecse belng greatest at 3705. The pattern of sero-
logicel resctivity at the three temperatures, in these
animels, wes thus reversed 8s compared with that shown
by normal rebblts. While the normel animals continued
to show thelr most marked cerologlcal reactivity et 1°¢.,
the inoculated animels showed most marked serological

resctivity et 379C. This reversal began to manlifest

1iteelf within three months after inoculastion.




191

BIBLIOGRAPHY

Aminoff, M.: Bber die Fahigkeit der Staubbakterien bei
Sera W R - Positiv Reactionen Nervorsurufea. Acta
path. et microbiol. Scandinav. 16z 376-385, 193l.

Bachmann, W.3 Beitrag zu den Beziehung zwischen Organabbau-
prod&:la und Wassermannscher Reaktion. Ztschr. f.
Immunititsforsch. u, exper. Therap. 35t £233-£246, 1921.

Barnett, C. W., Jones, R. B., and Kulchar, G. V.: Measure-
ment of Reagin im Non-S8yphilitie S8era. Proc. ™
8oc. Exper. Biol. and Med. 33: £14-218, 1935.

Bauagartner, L.z The Relationship of Age to Immunological
Reactions. Yale J. Biol. and Med. 8: 403-434, 1934.

Beck, A.: The Role of the Spirochaete in the Wassermann
Reaction. J. Byg. 39: £98-310, 1939.

Berstein, A.: Palse-Positive Wassermann Reactions in In-
foetjaous Mononucleosis. Am. J. M. Sc. 196: 79-83, 1938.

Bier, 0., and Trapp, B.: Dissociation of the Aggregates
obtained on Adding Beef Heart Lipoid to Wassermann-
Positive Sera. J. Immunol. 40: 465-470, 1941.

Blum, XK.: Ueber dlie Wassermannsche Reaktion im Serum
norma.lei und syphilitisches Kaninchen. Ztsechr. f.
Ilg:;hmit tsforsch. u. exper. Therap. 40: 195-214,

Bordet, J.: Les Leucocytes et les Propriétes Actives du
S8érum Chez las Vaccinés. Amn. Inst. Pasteur 9:
462-506, 1895.

» and Gengou, O.: 8ur L'Existence de Substances
sensibilisasrices dans la plupart des Serums Anti-
microbiséns. Ann. Inst,. Pasteur 15: 289-308, 190l1.

Breazeale, E, L., Reusser, T. R., and Breazeale, J. PF.:
Flocculation tests for Syphilis (plaxt sap reactions).
Southwestern Med. 25: 256-257, 1941.

Brown, H., and Kolmer, J. A.: 8Studies on the Chemical Con-
stitution of the Antigenic Substance in Aleoholie
Tissus Extracts concerned in the Serum Diagnosis of
Syphilis. J. Biol. Chem. 137: 525-533, 194l.




BIBLIOGRAPHY (Continued)

Br(.ninl, C. l;’ cr‘lick'mnk, Jo, and "x‘m.’ I.z Con-
stituents Concerned in the Wassermann Syphilis Re-
action, with Special Reference to Leecit and
Cholesterin. J. Path. and Bact. l4: 484-502, 1910.

» sand ______: Recent Methods in the
“Diagnosis and Treatment of Syphilis. Constable

and Companys London: 1924.

Bruck, C.:z Serodiagnostik. Pps. 345-505 of "Beitrlge zwr
Pathologie und Therapie der Syphilis® by A. Neisser.
J. Springer; Berline: 1911.

¢t 8erodiagnose der Syphilis. J. Springer;
—Berlin: 1924. g

¢t Geschichte der Medizin., 25 Jahr Serodiagnostik
ger Syphilis. Deutsche Med. Wchnschr. 57t 812-813,

Buchner, H.t Untersuchung Uber die bakterienfeindlichen
Wirkung des Blutes und Blutserums. I. Vorbemer-

en. Ztschr. f. Hyg. u. Infectionskr. 10:
84--101, 1890.

\\\

II. , and Voit, P.: Ibid, 10z 101l-120,
1890.

I1I.

and 8ittman, G.: Welchen stan-
theilen des Blutes ist die bakterientddtends

Wirkung zuschreiben. JIbid, 10: 123-1%9, 1890

IV. , and Orthenbergey M.t Versuche
uber die Natur der bakterient3dtenden Substanz
im Serum. Ibid, 10: 149-173, 1890.

Cannon, P. R.t Defense Mechanisms in Infectious and Related
Diseases. Ann. Rev. Physiol. 2: 387-410, 1940.

Cappelli, E.: La "Pallidareazione" di Gaehtgens sul sieri
labbrosij Contributo allo studio dell'! essenga della

R. Wassermann. Gior. di batteriol. e immunol, 22:
425-436,  1939.

Chargin, L., and Rein, C. R.: The Kahn Verification Test.
An Appraisal of the Test Based on Clinical and

Serological Evidence. Arch. Dermat. and Syph. 44:
1031-1047, 1941. :




BIBLIOGRAPHY (Continued)

Chung, B. L. and Chang, PF. -c.:‘ Relaps Fever. Chinese
* M. J. 55¢ 6-335, 1939. paing °

craig, C. P.t The Relation of Certain Bacteria to Mon-
Specific Reactions with the Complement Fixation Test
for Lues. J. kper. Med. 13: 521-580’ 1911.

Crawford, G. M., and Ray, L. P.z Berologic Diserepanclies
1n Syphiiis. J. A. M. A. 113: 1715-1720, 19%9.

Cromwell, H. W.t A Study of the Hemo ic Antibody -
Antigen Combination. J. Immunol. 7: 461-496, 1922.

D*Allessandro, G., and Sofia, F.t Beitrag zur Kenntnis
der Witebskyschemn st!t:l.guncsreaktion bei Syphilis.

2tschr. f. Immunit8tsforsch. u. exper. Therap. 83:
478-489, 1934.

A

Detre, L.t Ueber den naclweis von spezifischen Syphilis-
antisubstanzen und deren Antigenen bel Luetikern.
Wien. klin. Wehnschr. 19: 619-820, 1906.

Dohi, S.: Experimentelle Studien fiber das Wesen der
Wassermann - Neisser - Bruckschen Reaktion bel
Syphilis. Pps. 514-565 of "Beitrlge zur Pathologle

und Therapie der Syphilis® by A. Nelsser, J. SBpringers
Berlin: 1911.

Dreyer, G., and Ainley-Walker, E. W.: Neues zur Theorie
der Wassermannschen Reaktion. Blochem. Ztschr, H4:
11-15’ 1913.

Duncan, J. T.t The Use of Equivalent Proportions of Antigen
and Serum in Absorption of Precipitin. Brit. J.
Exper. Path. 18: 489-497, 1932.

Duran-Reynals, F.: The Flocculation of Tissue Extracts by
Normal and Immune Sera of Fowls and of Other Animals,
Yale J. Biol. and Med. 12: 361-398, 1940.

Bagle, H.t Studies in the Serology of Syphilis. II. The
Physical Basis of the Wassermann Reaction. J.
Exper. Med. 52: 7390-745, 19%0.

g Studies in the Serology of Syphilis. VII. On
The Supposed Artificial Induction of a Positive
Wassermann Reaction in Originally Negative Human Sera.
J. Lab. and Clin. Med. 17z 778-786, 1932.




194

BIBLIOGRAPHY (Continued)

¢ Laboratory Diagnosis of S8yphilis. The C. V.
- Mosby Company3 St. Loulis: 1937.

t Eagle Floeculation and Wassermann Technics
in "Fechnies of Serodiagnostic Tests for Syphilisty
Supplement No. 11 to Ven. Dis. Inform., p. £, 1940.

and Hogan, R.t On the Presence in Syphilitie =
Serum of Antibodies to Spirochastes, Their Relation
to so-called Wassermann Reagin, and Their Signifi-
cance for the Serodiagnosis of Syphilis. J. Exper.
Med. 71l: 215-280, 1940.

s Mays, J. R. 8., and Burney, L. E.: :
The Reaectivity of the Serum of Malarial Patients
with S8pirochetal Suspensions. am. J. 8Syph., Gonor., ;
and Ven. Dis. 25: 406-411, 1941, ;

Bcker, E. E., and Sasano, K.t A Rapid Method for Prepar-
ing Antigens from Normal Heart Muscle. J. Infect. |

" o— a

Elias, H., Neubauer, E., Porges, O. and Salomon, H.:
. Theoretisches or die Serumreaktion auf Syphilis.
Wien. klin. Wchnschr. £l: 748-752, 1908. :

Erlandsen, A.t WEmtersuchungen uber die lecithinartigen
Substanzen des Myocardiums und der quergestreiften
Muskeln. 2Ztschr. f. physiol. Chem. 512 71-155, 1907.

Fodor, J.t Die PFPlhigkeit des Blutes Bakterlien zu vernichten.
Deutsche med. Wehnschr. No. 34: T7455747,71887

Follensby, E. M., and Hooker, S. B.: The Effect of Tempera-
ture upon Combination and Aggregation and Upon
BEquilibrium in the Reaction Between Antigen and Anti-
body. J. Immunol. 37: 367-388, 1989.

Porssman, J.t Zur Chemie der Wassermann Roaktion. Biochem.
Ztsehr. 121: 180-214, 1921.

Fowweather, F. 8., and Gordon, J.: The Relation Between
Amino Acids and the Wassermann Reactlon. Brit. J.
Exper. Path. 8: 93-100, 1927.

Furth, J.: Antigenic Character of Heated Protein.,
J. Immunol. 10t 777-789, 1925.




198

BIBLIOGRAPHY (Continued)

Gaohtgens, W.: Weitere Erfahrungem uber das -lueriio
karbolisierte Pallida antighm fur den serologlischen
Luesnachweis. Zentralbl. f. Bakt. (Originale)
118z £6-35, 19Z0. i,

Gay, F. P.t The Fixation of Alexines by Specific Precip-
itates. Zentralbl. f. Bakt. (Originale) 39: 603-610, 1905.

Georgi, W.: §Studien 8ber Serum-Ausflockung beli Syphilis. " l
Biochem. Ztschr. 93: 16-33, 1919. D

Giordana, A. 8., and Carlson, B.: Occurrence of a Non-
Specific Substance in Guinea Pig Serum Fixed by
Antigen in the Wassermann Test. Am. J. Clin. Path.
9: 130-135, 1339. )

Gold, A.: Personal Communication.

Goodner, K., and Horsfall, F. L.t The Complement nntion
Reaction with Pneumocoecus Capsular Polysaccharide.
J. Exper. Med. 84: 201-216, 1936.

Greene, R. A., and Breazeale, E. L.z A Quantitative Study
of the Reaction of Heated and Unheated Cow Sera to
the Hinton, Kline, and Mazzind Tests. Am. J. 8yph.,
Gonor., and Ven. s. £5: 85-88, 194l.

Griffith, P., and Scott, W. M.z Ministry of Health Reports
on Public Health and Medical Subjects. I. London,
1920. (Cited by Mackie and Watson, 1926.)

Haag, F. E., and Leven, W.t Useber die Anwendung neuerer
Flockungsreaktionen zur Feststellung der Kaninchen-
syphilis. Ztschr. f. Immunitdtsforsch. u. exper.
Therap. 77: £5-37, 193E.

Halber, W., Hixzfeld, H. and Mayzner, M.t Beitrlige zur
Konstitutionsserologie. II. Mittellung Untersuch-
ungen fber die Antikorperentstehung bel K:I.ndera im
Zusammenhang mit dem Alter. Ztschr. f. Immunitats-
forsch., u. exper. Therap. 53t 391-418, 1927.

Hardesty, W. L., and Jurischk, A.: The Influence of Tem-
perature on the Time Reguired for Inactivation in
the Kahn Reaction. Am. J. Syph. 16t 110-118, 1932.

Hartley, P.: The Effect of Physical and Chemical Agencles
on the Properties of Antigen and Antibodies. "A
System of Bacteriology in Relation to Medicine,®
Medical Research Council, His Majesty's S8tatilonery
Office. 6t 224-265, 1931.




BIBLIOGRAPHY (Continued)

¢t Observations on the Role of the Ether-Soluble
Constituents of Serum in Certain 8erological Reac-
tions. Brit. J. Exper. Path. 8: 180-196, 1985.

Heidelberger, M.: Quantitative Absolute Methods in the

Stndgg of Antigen-Antibody Reactions. Bact. Rev, 3:
49-95, 19389

¢ Quantitative Chemical Studies on Complement or

ﬁ:iin. I. A Method. J. Exper. Med. 73: 681-894,

and Kendall, F. E.: A Quantitative Study of the
Precipitin Reaction between Type III Pneumococcus
Polysaccharide and Purified Homologous Antibody.
J. Exper. Med. 50t 809-823, 1929.

; and ¢ The Precipitin Reaction between

pe III Fﬁeumo;occus Polysaccharide and Homologous
Antibody. II. Conditions for Quantitative Precip-

itation of Antibody in Horse Sera. J, Exper. Med.
6l: 559-562, 1935. 1935a.

and : A Quantitative Theory of the Pre-
eipitin Reaction. II. A Study of an Azoprotein-

Antibody System. J. Exper. Med. 82: 467-483, 1985.
1935b.

» and s A Quantitative Theory of the Pre-

cipitin Reaction. III. The Reaction Between Crys-
talline Egg Albumén and its Homologous Antibody.
J. Bxper. Med. 62: 697-720, 1935. 1935c.

, and Soo Hoo, C. M.:2 Qua.ntitativi 8tudies

Ol’l the Precipitin Reaction. Antibody Production in
Rabbits Injected with an Azo Protein. J. Exper. Med.
58 137-151, 1933. ,

~

—— 5 Treffers, H. P., and Mayer, M.z A Quantitative

Theory of the Precipitin Reactien. VII. The Egg
Albumin-Antibody Reaction in Antisera from the Rab-
bit and Porse. J. Exper. NMed. 71t £71-282, 1940.

, and Mayer, M.z Quantitative Chemical sStudies on
Complement or Alexin. IV. Addition of Human Com-
plement to Specific Precipitates. J. Exper. Med.

- 75z £285-205, 1942,

Rinkleman, A. J.: The Biochemistry of the Wassermann Reac-

tion. Am. J. Syph. 11l: 594-€08, 1927.




197

BIBLIOGRAPHY (Continued)

Hinton, W. A.t The Hinton and Davies-Hinton Tests for
Syphilis, in "Technics of Serodiagnostic Tests for

Syphilisy¥® §Supplement No. 11 to Ven. Dis. Inform.
p. 22, 1940. ’

Hirschfeld, L. s and Klinger, R.t Ueber das Wesen der In-
aktivierung und der Komplementbirfimg. 2Ztschr. f.
Immunitdtsforsch. u. exper. Therap. £l: 40-76, 1914.

Holtzer, R. R., and 8suschkowa, E, G.: Zur Frage fiber da
Wesen der Wassermann-Reaktion, Ztschr. f., Immunitlts-
forsch. u. exper. Therap. €8: 81-98, 1930.

Horsfall, P. L., and Goodner, K.z Lipoids and Immunolog-
ical Reactions. I. The Relation of Phospholipids
to the Type-Specific Reactions of Antipneumococcus
Horee and Rabbit Sera. J. Exper. Med. €8s 485-503,1935

Hunter, C. A.t A Rapid Method for Preparing Antigens for
the Wassermann Reaction, J. Lab. and Clin. Med. 21:
417-420, 1938. _

Jacobsthal, E.t Notiz zur Theorie und Praxis der Wasser-
mannschen Reaktion. Minchens med. Wehnschr. 57:
689-690, 1910.

¢ Versuche zu einer optischen Serodiagnose der
Syphilis., Ztschr. f. Immunitidtsforsch. u. exper.

Jones, ;. 8. The Effect of Heat on Antibodies. J. Exper.
Med. 4€6: £91-301, 1927.

¢t The Effect on Subsequent Agglutination of the
Exposure of Bacteria to Heated Antiserum. J. Exper.

Kahn, R. L.:2 ObservationsA on Kahn Precipitation Reaction
for Syphilis. Am. J. Syph. 7: 389-403, 1923. 1823a.

: Rapid Precipitation Phase of the Kahn Test for
Syphilis. J. A. M. A. 8l: 88-90, 1923. 1925b.

s Serum Diagnosis of Syphilis by Precipitation.
Williems and Wilkins Company; Baltimore: 1925.

¢ The Kahn Test - A Practical Guide. Williams and
Wilkins Company; Baltimore: 1928.




BIBLIOGRAPEY (Continued)

¢ Tissue Immunity. C. C. Thomas; Springfleld:
—19ze. g

t A Berologic Verification Test in the Diagnosis

of Latent Syphilis. Arch. Dermat. and Syph. 4l:
817-830; 1940. 1940a.

t The Serology of Syphilis. J. Lab. and Clin.
Med. 26: 139-155, 1940. 1940b.

¢ Serology in Syphilis Control, Principles of
Sensitivity and Specificity. Williams and Wilkins
Company ; Baltimore: 1942.

and Lyon, D. 8.2 §8Studies on Complement PFixation.
ﬁ. On the Affinity of Sheep Corpuscles for Anti-
sheep hemolysin. J. Infect. Dis. 29: 651-686%2, 192l1.

- McDermott, B. B., and Marcus, 8.t Effect of
Temperature on Kahn Reaction. I. With Serologically
Positive Sera of Lower Animals. II. With Serolog-
ically Positive Sera of Buman Syphilis. III. With
Serologically Positive Sera in the Absence of Syphilis.
IV. With Serologically Negative Sera in the Absence
of Syphilis. Am. J. Syph., Gonor., and Ven Dis.

25: 151-158, 157-161, 16e-172, 173-178, 1940. -

Kemp, J. E., Chesney, A. M., and Poole, A. K.z 8tudies in
Experimental Syphilis. V. The Wassermann Test in
Normal and Syphilitic Rabbits. Bull. Johns Hopkins

, Mtzgerald, E. M., and Shepherd, M.t The Occur-
rence of Positive Serologiec Tests for Syphilis in

Animals Other Than Man. Am. J. Syph., Gonor., and
VYen. Dis. 24: 537-562, 1940.

Kendrick, P.z Effect of Contamination and Age of Serum on

Kahn Precipitation Test. Am. J. Pub. Health l4:
673-6768, 1924.

Kettel, K.: Undersggelser over Kuldehaemagglutininer 1
Menneskeserum. Levin and Munksgaardj; Copenhagen:
1930. (Cited by Wiener, 1939.)

KitChen, S. r.’ 'ebb Eo Il., and K‘llpper, 'o K.t Th‘ In.
fluence of laiu'ial Infections on the Wassermann and
Kahn Reactions. J. A. M. &. 112: 1443-1449, 1939.

Kleczkowski, A.: Effeet of Heat on Flocculating Antibodies
of Rabbit Antisera. Brit. J. Exper. Path. 22: 192-208, 1941.




199

BIBLIOGRAPHY (Continued)

Kline, B. S.: Microscopic 8lide Precipitation Tests for
the Diagnosis Exclusion of Syphilis, in "Tech-
nics of Serodiagnostic Tests for Syph:l.,lisi' Supple-
ment No. 11 to Ven. Dis. Inform., p. 45, 19

Xlopstock, A.: Die methoden zur Serodiagnostik der
Syphilis. Urban und Schwarzenberg; Berlin: 1938.

Kolmer, J. A.: Studies in the Standardization of the
Wassermann Reaetion., XXX. A New Complement Fixa-
tion Test for Syphilis Based upon the Results of
Studies in the Standardization of Technique. Am.
J. Byph. 6t 8£-110, 19282,

¢ 8erum Disgnosis by Complement Fixation. Lea
and Pebiger; Philadelphia: 1928.

¢ The Kolmer Complement Pixation Test for Syph-—
11is, in "Technics of Serodiagnostic Tests for

Syphilists Supplement No. 11 to Ven. Dis. Inform.,
p. 56, 1940.

, and Lynch, E. Rez Guinea Pig Serum in Relation
to Prezone and Non-Specific Wassermann Reactions.
Am. J. Clin. Path. 92 136-150, 1939.

, Kast, C. C., and Lynch, E. R.t §Studies on the
Role of Spirocheta Pallida in the Wassermann Reac-
tion. I. Complement Fixation in Syphilis, Leprosy,
and Malaria with Spirochetal Antigens. Am. J.

Syph., Gonor., and Ven. Dis. 25: 300-318, 1941. 194la.

II. The Relation of Spirochetal Antibodies

1];; 4{‘119 Wassermann Reagin. JIbid, 25: 412-434, 194l.

Krag, P., and Lonberg, A.t The Occurrence of Strong Un-
specific Wassermann-Kahn Reaction. Acta dermat.-ven-
erecl. 19: 612-621, 1938.

Kraus, R., and Volk, R.: Weitere Studien Uber Immunitlit
bei Syphilis und bei der Vakzenation gegen Variola.
Wien. klin. Wehnschr. 19: 620-622, 1806.

Kroé, A Schulze, F. O,, and Zander, I.: Untersuchungen
8ber die Immunitdtsvo ginge bel Syphilis. II. Die

Syphilitische Blutver erung. n. Wehnschr. 82
783-785, 1929.




BIBLIOGRAPHY (Continued)

Landsteiner, K.: @pecificity of Serological Reactions.
C. Co Thomas} 8Springfielad: 1938.

Muller, R., and Potzl, O.: Offizielles Protokoll
—Jor k-k. Gesellschaft der Aertze in Wien. Sitsung

von 19, April 1907. Wien. klin. Wchnschr. 20: 514,
1907. 1907a.

_, and t Zur PFrage der Komple-
m;nts:lﬁaung;reaktionen bel Syphilis. Wien. kgin.
¥Wchnschr. 20t 15685-1567, 1907. 1907b.

» s and ¢ Ueber Komplementbind-
ung sreaktionen mit dem Serum von Dourinetieren.
Wien. klin. Wehnschr. 20: 1421-1422, 1907. 19807c.

s and ¢t Meeting of the Wiener dermatolog-
ische Gesellschaft. Wien. klin. Wchnschr. 2l:
1076-1077, 1908. :

Lane, J. F.t PFalse Positive Kahn Reactions in Measles.
~ Hosp. News, 6: 19-24, 1939. '

.~ League of Nations Health Organization: Report of the Tech-
nical Laboratory Conference on the 8Berodiagnosis of
Syphilis at Copenhagen; Paris: 1923.

League of Nations Health Organizations Report of the
Second Laboratory Conference on the Serodiagnosis of
Syphilis at Copenhagen; Geneva:s 19g8.

League of Nations Health Organization: Report of the Lab-

oratory Conference on the Serodiagnosis of Syphilis
at Montevideoj Geneva: 1931.

- Evaluation of Serodiagnostic Tests for Syphilis in the
United States, 2 ... ©Supplement NHo. 1 to Ven. Dis.
Inform. 1935.

.. Bvaluation of Serodisgnostic Tests for Syphilis in the
United States, 1941. To be published; (Preliminary
publication in Ven. Dis. Inform. E8:3 161-194, 1942.)

Levaditi, C., and Yamanouchi, T.: Le Sero-Diagnostic de la
Syphilis, Compt. Rend. Societdé de Biol. €3:
740-748, 1907.

Lund, B.t The Titration of Traeces of Reagin. Am. J. 8yph.,
Gonor., and Ven. Dis. 26: 1-15, 194p.




BIBLIOGRAPEY (Continued)

Lynch, P. W., Boynton, R. E., and Kimball, A. C.: PFalse
Positive Serologic Reactions for Syphilis Due to
Smallpox Vaccinations (Vaccinia). J. A. M. A.

Mackie, T. J.2 The Serum Constituents Responsible for the
Sachs-Georgl and Wassermann Reactions. J. Byg. 2l:
286-391, 1923. ,

, and Watson, H. F.: On the Immunologic Nature
of the Principle in Serum Responsible for the Wasser-
mann Reaction, with Reference also to the Flocculation
lll.;;gtion of Sachs and Georgt. J. Byg. £5: 176-208,

, and Anderson, C. G.t The Precipitation Reactions
of Normal Serum and Lipoid Suspension. J. Path.
and Bact. 44: 603-631, 1937.

Malloy, A. M. and Kahn, R. L.t The Ultramicroscoplie Pre-
cipitation Reaction in Syphilis. J. Infect. Dis.
48: 243-254, 1931.

Marie, A., and Levaditi, C.: Les "Antlcorps philitiques"
: in le Liquide Cephalorachidien des Paralytiques
Generaux. Ann. Inst. Pasteur. 2l: 138-155, 1907.

McMeans, J. W.: Environmental Conditions Influencing Com-
plement Fixation. J. Immunol. 8: 433-447, 1928.

Michselis, L.t Die Wassermann'sche Syphilisreaktion. Berl.
klin. Wchnschr. 44: 1103-1107, 1907.

Mohr, C. F., Moore, J. E., and Bagle, H.: Biologic False
Positive Serologic Reactions in Tests for Syphilis.
I. Occurrence in Normal Persons. Arch. Int. Ned.
é8: 898-912, 1941.

Moore, J. E., and Bagle, H.t The Confusing Multiplicity
of Serologic Tests for Syphilis. J. A. M. A. 117:
243-24%7, 1941.

Morgenroth, J., and Rosenthal, F.: Amboceptoren und Recep-
toren. Biochem. Ztschr. Z6: 190-208, 1911.

Muckenfuss, R. S., and Ebel, E.: The Influence of Tempera-
ture on the Kahn Test. Am. J. Syph. 15: 391-395, 19&l.

Muir, R.z Hemolytic Action. T"A System of Bacteriology in
- Relation to Medicine®, Medical Research Council. His
Majesty's Stationery Office. 6: 295-815, 1931.



BIBLIOGRAPHY (Continued)

Nagle, N., and Lazarov, J.: Incubation of the Completed
Katn Test. Am. J. Pub, Health. £0: 1216-1218, 1920..

Nathan, E.: Experimentelle Untersuchungen fiber das Wesen
der Wassermannschen Reaktion. 2tschr. f, Immuni-
t&tsforsch. u. exper. Therap. 27: 219-286, 1918.

Neymann, C. A., and Gager, L. T.: A New Method for Making
Wassermann Antigen from Normal Heart Tissue.
J. Immunol. 8: 573-583, 1917.

¥ishio, M.t Effect of Heating Syphilitiec Serum and its
Protein Fractions on Precipitation Reaction. J.
Infect. Dis. 45: 148-155, 1929.

Nuttall, G.: Experimente {iber dig bakterienfeindlichen
Einfluss des thierischen rpers. 2Ztschr. f. Hyg.
u. Infectionskr. 4t 3553-394, 1888.

Ottensooser, Y. Ueber die Zusammensetzung des Spezifischen
Ovalb r8zipitats. Kolloidsgtschr. 33: 176-178,
1923. N .

Pangborn, M. C.: A New Serologically Active Phospholipid
from Beef Heart. Proe. Soc. Exper. Biol. and Med.
48: 484-486, 1941,

¢ Isolation and Purification of a Serologically
Active Phospholipid from Beef Heart. J. ol. Chem.
143: 247-256, 1942, .

Pappenheimer, A. M.z Anti-Egg Albumen Antibody in the Horse.
J. Exper. Med. 71l: 2838-269, 1940.

Perla, D., and Marmorston, J.: MNatural Resistance and
Clirical Medicine. Little, Brown and Companyj;
Boston: 1941,

Pfeiffer, R., and Issaeff.: Ueber die specifische Bedeutung

der Choleraimmunitdt. Ztschr. f. Byg. u. Infectionskr.
17: 855-400, 189&. '~

Pohlner, A.: Unspezifische Wassermann-Reaktion im Blute
und Liguor bedingt durch Bacillus subtilis. Dermat.
Wchnschr. 1068: 701-704, 1938. 3




BIBLIOGRAPRY (Continued)

Porges, bgi.. s and Melier, G.: Ueber die Rolle der Lipoide

der Wassermannschen Syphilis Reaktion. Berl.
klin. Wchnschr. 45: 7351-786, 1908. ‘

Rivers, 2. M.: Immunity in Virus Infection. 8Seilence.

Rothbart, H. B.t The Variability of the Kahn Reaction in i
Children. J. Pediat. l1ll: 484-489, 193%7. d

Rytz, P.: Specificity in the Serodiagnosis of Syphilis.

i Differential Method. Am. J. Clin. Path. 9: 512-515,

¢ Specificity in the Serodiagnosis of Syphilis.
Am, J. Clin. Path. 12z 168-178, 1942. .

Sachs, H.: Ueber den Einfluss des Cholesterins auf die
Verwendborkeit der Organextrakte zur Wasserman'schen

Syphilisreaktion. Berl. klin. Wchnschr. 48: 2086-
2087, 1911.

e £5 Jahr Wassermannsche Reaktion. Klin. Wchnschr.
10z 894-897, 193l.

-— , and Altmann, K.t Ueber die Wirkung des olein-
sauren natrons bei der Wassermann'schen Reaktion auf
Syphilis. Berl. klin. Wchnschr. 45:494-497, 1908.

, and Georgli, W.:t Zur Serodiagnostik der Syphilis
mittels Ausflockung durch cholesterinierte Extracte.
Med. Klinik. 1l4: 805-809, 1918.

, and _______: Ein Vorschlag zur Serodiagnostik
der Syphilis beim Kaninchen. Klin. Wchnschr. 2t
880-881, 1928.

, and Rondoni, P.t Beitrage zur Theorie und Praxis
der Wasgsermannschen Syphilisreaktion. Ztschr. f.
Immunit&tsforsech. u. exper. Therap. 1l: 132-151, 1908.

S8chreus, Th. A., and Foerster, R.: ©Spezifische Sensibili-
sierung von serologischen Reaktionen. I. Mitteilung.
Grundlage und Methodik der spezifisch sensibili ierten

Wassermann-Reaktion (WSR°). Ztschr. f. Immunitdtsforsch.
" "u. exper. Therap. 82: 53-59, 1934.




BIBLIOGRAPHY (Continued)

Sherwood, N. P., Bond, G. C., Clark, R. F.3 Biological
and Chemical Studies of the Serological Tests Used y

in the Diagnosis of Syphilis, (Abstract). J. Bact. :
38: 851, 1939. s ) ° |

> o sand ________: Results Obtained with
the Kolmer, Kahn, Kline, and Bagle Tests on Animal

ggg. Am. J. Syph., Gonor., and Ven. Dis. 25: 93-95,

» . and Canuteson, R.I.: On the Possible ‘
Presence a?’ a Reagin-Like Factor in Normal Human |

Serum. Am. J. Syph., Gonor., and Ven. Dis. 235:
179-185, 194l1.

Sievers, O.: Der Einfluss von Bakterien auf Wassermann

Negative Sera. Acta path. et microbiol. Secandinav.
18: 365-375, 1939.

S8tahl, W. H., and /Pennell, R. B.: Conditions for Maximum
’ Precipitation and.Agglutination af.Antibody in Var-
ious Brucella Antiserums. Michigan Technical Bulle-

tin 177, M1 an State College Agricultural Experi-
ment Station, (pps. £20-£22). 1941.

Stats, D., and Bullowa, J. G. M,: Failure of the Human Con-
valescent Type-Specific Antipneumococcic Antibody
to Pix Complement. J. Immunol. 4382 41¢48, 1942,

Strauss, J. H.: Modification of the Bagle Flocculation
Test for Syphilis. Am. J. Syph., Gonor., and Ven.
Dis. 21: 406-407, 1937.

Stuart, C. A., Burgess, A., Lawson, H. A., and Wellpan, H. E.:
Some Cytologic and Serologic Aspects of Infectious
Mononucleosis. Arch. Int. Med. 54: 199-214, 1934.

Topley, W. W. C., and I:I.lsoh, G. S.2 The Principles of
Bacteriology and Immunity. 8Second BEdition. Wikliam
Wood and Company3 Baltimore: 1936.

Turner, T. B.: Protective Antibodies in the Serum of Syph-
11itic Rabbits. J. Exper. Med. 69: 867-890, 1939.

VOgelsahg, Th., M.z 8ero-Diagnostic de la Syphilis., J. W,
Bides Boktrykkeri; Bergen: 1940.




BIBLIOGRAPHY (Continued)

Wakerlin, G. E., aund Carroll, P. H.t The Blood Wassermann
Reaction in Experimental Rabbit Syphilis. Arch.
Dermat. and Syph. 12: 670-678, 192£5.

Wassermann, A.: Ueber die Entwickl und den iogon-lrtizon

Stand der Serodiagnostik gegeniiber Syphilis. Berl.
klin. Wchnschr. 44: 1599-1602, 1907,

¢ Zur Geschichte der Serodiagnostik der Syphills.
Berl. klin. Wehnschr. 58: 888-890, 1921,

and Bruck, C.: Ist die Komplementbindung beim
Entstehen spezifischer Miederschlige eine mit der

Prizipitierung zusammenhingende Erscheinung oder

AlgobgzeptoreMrkimg? Med. KXlinik. No. 55: 1409-1411,

and Citron, H.: Weltere Mittell en Bber die
ﬁrlegunz des Wassermannaggregates ihre Anwendungs-
£ gkeit zur Bestitigung der Positiven Wassermannschen
Reaktion. I. Teil von A. v. Wassermann, II. Teil.

Methodik £ die Gewinnung der Wassermann-Substanz, H.
citron.Klin. ¥echnschr. 1z 1101-1103, 1922.

~, Meisser, A., and Bruck, C.:t Elne serodiagnostische

Reaktion bei Syphilis. Deutsche med. Wehnschr. MNo. 32:
745-746, 1906.

> , and Schucht, A.: Weltere
Mitteilungen uber den Nachwelis spezifischluetischer
Substanzen durch Komplementverankerung. Ztschr. f.
Byg. 1. Infectionskr. 55: 451-477, 19086.

Wellman, J. W., and Lankelma, H. P.: Purification of the
Antigen used in Diagnostic Tests for Syphilis by Means

gf&he Cadmium Salt. Ven. Dis. Inform. 21t 12-14,
941 .

Weil, E.: Ueber den Lues-Antikorpernachweis im Blute von
Luetischen. Wien. klin. Wchnschr. 20: 527-530, 1907.

Wells, H. G.: The Chemical Aspects of Immunity, Second
Edition. Am. Chem. Soc. Monograph Series, Chem. Catalog
Company ; Mew York: 1929.

Wendt, H.s Ueber fahrungen mit der v. rlassermannschen
Tuberkulose ion und der Lezithinflockungsprobe
bei Rindern und Kalbern. Zentralbl. f. Bakt. (originale)
94: £6-35, 1925.



BIBLIOGRAPHY (Continued)

Iiygandgi Syphilitische Antistoffe in der Cerebrospinal-

8ssigkeit bel Tabes dorsalis. Deutsche med. Wchnschr.
33k 1289, 1907.

Wicks, E.: Standardized Antigen in the Serodiagnosis of
Syphilis. Doctoral Dissertation, Horace H. Rackham
School of Graduate Studies of the University of Michigan. /13

Wiener, A. 8.t Blood Groups and Blood Transfusion. C. C.
Thomas, Springfield: 1939. -

litebski, E.: Die Bedeutung der'!ioderge-ihnung von Anti-
’ orpern aus ihrer Antigenverbindung £8r Serologlsche
mleme. Zentralbl. f. Bakt. (Originale) 122: 70-73,

: Eine Bestitigungsreaktion_zur Serodiagnostik der
Syphilis. Ztschr. f. Immunitdtsforsch. u. exper.
Therap. 80: 323-335, 1938.

Wolf, C. G. L., and Rideal, E. K.: Precipitation Phenomena
;Pd the Wassermann Reaction. J. Byg. £5: 366-384,
926.

Zinsser, H.: Infection and Resistance. Second Bdition.
Macmillan Company; New York: 1928.

and Parker, J. T.: ’ubservations on a Substance
in Immune Horse Serum which Interferes with Alexin
Pixation. J. Immunol. 8z 151-161, 1923.




-

i

& i.¢ ‘ ‘

¥
ﬁ}Na
N +||

N\ NYN W

NN

O | o

EAAARAARAARARARALG
AAAARAAAAAARARARL

NYNYY

i

i

AN

wooaooaooodoooawmawmdau it

04 4A0NNBA00000000n0HN0Y
" ﬁ RAOHH Gl i

ﬁ

004 0t 00 NOON
L] NMN& ﬁ 000 #0000 0 8 yh

"
T

i
Hoporia

T
A

0
(LU

A

(LR

(LGl

A e
f

Ap

HATAN

i
Soooen

0y
Wi

E

e
T

DED D HH AAAAADD De AdDAAAD

"

A

o
U
0o

7
!

He
:

709 TN AN mranng

f

e A

o uuuunﬂ

f

g

1
!
:

E

o Ry =

\

HHA AR A A 00
Al ddeld Addd o

i

bRD bhpe A bbb A

as
xa
as
[vy
aa
aa
an
Fvy
ans
an
-
s

‘ ‘ LA
A AHO¢ ¢ 000 60000 0000 0% ¢ ¢¢¢¢ﬁ00 W #00##ﬁo#3000¢¢0w4#@3#&1@00ﬂ1#00009?000¢0ud#¢ﬂdd*¢ddﬁ’W
o

i




‘)

Wil

HANNAAM NS

‘N IR
A

W0 10

AL

NN |

E

"

i
{l

AIRRERES

LLELY

(L

t

il

f

MG
f

i

ﬁﬂﬂﬂ

i
ASDDARD AR HRA

AN @
N ol 1 il

!

N

]

H009sN808Y

il
11
it

f

1l
00
0

\
.

vgg 8goooooo¢¢¢<sog¢¢3<¢**¢n

«‘i
{
i

¢
}
]

Sk

JHY

|
O
WY

NYINY
<+h\w\\

A A

3
Iy
J

Y dg
i
i

SRR
i
0
3

!

N
\
A\

\

¢§¢¢mm
AU

|

M

$wm
fi

3

no A

AN AR
000
A

\

OnOnOEB00NNY
(1 wwwaaamnggg

8
i
4/

N
it

i
H””

YHOBN0004080%0400
1

MR ANNNND
Attt

W00 00wy

g

it
Ay
i
AN an

\
\
f

i
't

410
i m¢w~¢3w3
n
AN DAAAH AR

MURGHT

¢ N
{{i\\

NURRRRY
e 1]

N
AL
SENURC

19
TR

\

H

l

40 N0ONDNM
f

W
N
¢
Aodn A
H0 4 1 o
T4

‘
AL

AL

AN

e

NN
DA

gt T

A

AU

\

\

t
{0
1

OORe 0 A A A e
!

\

0400400408004 ANONNOH0

0
| ¢¢i
Ny
Nl

ANt
fill
I
t
g

H
guu

B
EA@NAU¢+@NmmmvﬁN

¢ 004N BNid YA

1AM 04000090000NN08A
" [
Ao 000 10
EEHN“NEH
WHHHKN
AN A A DA DR D DR AR DA D A

001 tyd0

000400A0004000404040

100060000008A
N A ¥
M A fed A
'TYLLL

NAHNAN

\

i
Sipere

Hersh
Hlee !

(NN

am ->
am =
aa 7
an =
a ==
C&s—TT D =
as >
s <
as 2
=a =
as =
CsE— T D =
an =
s s
aa =
aa =
=a il
as =
s =
C=s—Tx D> =
s =
aa L
as e
aa =2
aa i
aa =
aa =
C=—7T D =
aa =
x P
2a =
aa =
a -
as ©
s =
C=—="_CT D iy =
as =
aa P
as =
s =4
an -
s =
an =
Ce=—="T1« D r
aa 2
s ==
an 7
2 <
s
CesT— T D .=
an =
Py =2
aa 7
an =
az =
Cs=s ©T— T T D e
aa =
aa =
»e 7
an =
s =
CrmT—o T D T
> T
a =
2 2
s
- =
an e
aa M
an
CxrT—TD =

Aﬂ"“ﬂolﬂdlﬂov




|
h
|
¢
2
i
{

e
o o R = z
—— - =
“ll.l' -~
- = M
M 2 = A”nHHNAH > nw
e - =z
o= “lﬂﬂ 2= = -
=== = £
\ =X =T 22 z nﬂ“
g = = === =X 2 < =
= e — = » - — 2= =L = .\ 3 = :
R < > == x e -« Eexaa T © = Nn
o R P-33 = 3 — ) HOﬂ% .. 5
| Zr = _ = == = — - =
b == - ey = 2= =T TEZ =
o< = SeT S — uaﬂjﬂ 2 : :
— = *ITI‘ - === : \ R :
l 5 > =D
o —a <% et — P o =_— - - Z2ZF == = 2
> —— = = —— <> -~ NN m a = 2
- x o= — 7 z— ON == L = £
23 g 2 2 6\'..' = =@ > i ol anm =
——= % == = — ——= 0 NdHMHH 2 \l : Mu
i i (= = = O p— TTEEE = =
A = == o —— =S X T = z
il = < — = e T 2aa TEZ IR -
L o= =—_ z ——= il ...-M.-\. 7 : :
e =3 =% = AOUN P == =T ==F z z
e =Y \O\N“lu > = Z=ix el : :
i g’ =z = = = - L =EESE CEETT 2
cd “ o= % Nll |NH.U : . K : :
- o SE*T e = L= E—— =:sx 2= : :
- o —_ = —== ' ¥ Kl : @
‘i O B p— SE = §2¢ ‘o -.i :
- 0&\‘nﬁ e SE —— g i Z dw. :
N o \ Pk \f\“‘+| OO I —— o\m gy z = =
S > <> = — o ||||| £ 2 :
- St T —_ O =T = T z
i sS2 = — o = oOTxT =T z = T2
i e o> == o= R — sT:E iz i £
f oS T Tz o o ea_ S= = ox =<« 2% i z
== SE— —_— = - 2= =T =z z : z
W o= o= z_-_— (o g —-— S=:ix \\.V“\\.M =
i S == Exr=x i g g M
oOo=T el o= o — - ONt =T \..V K CRTT =
o= i == — S z:z ‘H‘ iicat :
<Y . S5 = z l|+|\| JV-,‘!. - : :
o= e - T=— sS=E - TS iE ; :
o= e = T — Pt T St z |
onwe‘ - “ |dolv MIH P e p— = e — = =T S =a
OMM 7 i OO = == m Oulm i \.V\.qu. : &W
oS = e o= == = e =-Z:x ] 3
Se= i s= zZx— gS2* — = panat crele=> x
SO ..ViNuH\ﬂ SE == p= = ez IF S .HN‘T.. i T g
Pegat S .a‘|+-|n| Il!l H -
O % P —1 e T <= === 83:i% £ : MW.
o o — o = ﬁ-.. M.II ON 25 : :
(=24 T Pt = o= — - Sh Z : :
(ol = 7 [ 2 = - Mllll vanp = :
=S i i (= -~ = —— mlw . ¥ < o z
(= o i o e [= 3 = i O = — o« =T = - =TLeT? S
o = i = MMulvu o = mlvﬂlﬁ - i z
S25 22: X .-VJnl B = e = - = =X i as =
o= > = o-C = = - P — == LV&W&W 5 2
S2t “ 22 ww = o= = — - HlJ--m M;‘$\ 2 =
s > — - :
S3% Cx S5 = Z 5= -2 X 32 : £
P S o> =— e e — °S i = : .
P i i P =2n =t \nW\INl ﬁov J— = - = = 2 <= = z
Lo ¥ = 2w 7 X = Nl- = —_—— m zE TR 5
b= -~ p= =4 e o —_——— == :f Zzg : 2
= = = == ﬂNn.n- \
OM.I-H = O = g PE— mw IE - “m “ w
b= LT S I== S = EEi: 2 .. :
=5~ i g —— sS= o —— =S :E S —— s P
= 7 o 7 — > el O =T “ - N” £
: = S 2 = = _ < =T - A =
AUNm > —— == —x= OA\“ e =y T =4 e A‘\“O z
o= S (=3 =k —1 = Oﬁov |'ml OM ¥ |-V|V |v : - M
o= = = .o\.l]l- - 7 ||+ : L
<> T = == - <> —- T X BTex g = “ 5
SO = = = hd i om g TEZ = 2
o=T = o= Z v At T - xEoah 32 : :
ot —1— e LS = = M|M' =3 £z : ;
-G o —_—— 2
L e =F F= = === iz 253 *z :
-~ S Six e <= x ﬂlﬂw = - - .vﬂ\ \!+H. %Oav :
k.- ety B m e =EEE > n.- m
Rl > >y = - g = = = - =T =T “ “ l\.l “ z
‘ L 3
. = TS azx =W e e W
= - -——gwe X i = *
CEFET AD
= =T
WA B - -
p— TYv&eE T
--ogom

-

Bl e, Sl 0 3
[ < 9 W= e YN W —_—ren.ux
ErToowss =




)

1,

{
A

NN 444

il
A0y

oA
o

i

E

4N
?
b

AHAd

A

nge

:
b

H RN HA

\

N
YIS

LI

'
LN

ARLLTEEY

it

i

W
)

WALLEGH!

;
1
:
b

;
o
:

f
"
v
!
:

nnnuqnu

AT RN
AULEREY

O AHHDAA

:

'
A bl

ol

Q\i\\\\\\
Q\\\\\\\\
\1’\\\\\\\\

0 n0000N00n0Y
n“ Hy
DA

!

ﬁ

"
\ULIAER

Witw
AHDAHA

fid

\
H
Hhtonn

{
iy

00000040
URET
o
W0000NN 0
LICIE R
Ly
Wwuny WHnp g
GLLEERER

000
AN

f
bt

il
[

i
dhle

bobh

oo

HH M

ﬁvﬁﬁﬂﬁﬁ
Eb

A A
i
ApA

URLLG

t
[N] Fhirggy,

:

1

00100000000
I NN HO0RNNG
HAdAd o

LLILL!
nf

e o
i
Dhon

Ao
Hrinie
i
hlel

MAMARARARARAGE
AAMARARREESEREAR
¢00MOMH¢0N0&AHOOONOMH@M©

YTV

00000000004000m0+0
0N&@3¢MNAS* !

. wx
m =x =
e T = -
w e - O , - - .Inn?uﬂ.' .ﬂNAV.ﬂuﬂf“.NnﬂlH
==X == . e 3 Exsoars




> = =
- <
S o -
=T == 8 s
i b <> [ =3 i
- | ‘
v o = - - —z= =E"ZEIE =
oY 5> = -~ - —= ~-€ X o
> = - ——— o -2 =T 7
> o= r—_ o= e Z i -
oox == = == = -ZIF -
o= 7 7 ox = et —_— = = =T >
S - o e — e - -2z o
Sz o T — ox — EZEEE i —
- - T =
% o leln == - —_—— OM mH-HH “ “ “
v i o= =—— o= p—— Bax e =
oy i i (=3 g b= S -E=E = -
oY T 7 =27 = =Y v —— =X =T i
T 7 T == - ——— Z:E s
ST — - = - - _— = =T >z
o= T 7t > = et —_—— = sTE£IFE G
oo T - = = - —— Y o
-~ - i o —_——— o = = wx £ ——==
o= . o —_—— o —_—— - LT ¥E _———
pp zZ S~ e —— o = == — = - = =T e
o= A = = = =_ = Iz
- A T — e o _— - ¥ — e
T . = - = p=y —_— S~ r =X i
po= = e == oY = Lo =L e
S= e oS - oo - —— =T =T e
o= _——— = == = A — = =T Tz
YT el x s = g T T EEeTYXLQy =
[ 14 = — [t =1 T o= - <L =T o=
[=d = - = o = A — e =T e
o= S F= =—— F= £— s =T TZZ
o7 _— e - = = A — = =T A —
o= _——— o B e et = s g = - T EETIX L] I
> —_—— - A = e - LT EF P m——
o — - T = o TTEETIO .
O T e LSt - — (<3 = - oOT =T A
osT -y o= e — = — = T &V.A\ull. Sl
oo _——— = T = e — - LT E YT -
fod— 1 = - =  — = A T -~ T EPTTL e
o= =—— = = > -~ — Zi 5 =
<7 == (=] - = = xr— - L EEY ———
-~ — —-— - - E = -——
o= A — == > == = —— TEREE =
— [ =] - L — = © &= — = i = = =T R
w O=T ——— o - —— = a2 - LT DXy - ——
oo T _—— o —— = g — - TE BT — —_—
pogp= _ Py - o = e - T EEeyTx -
Ss —-——= S R ——— er TZ— S xxrowea ——=
R i - R
O = —_—— - = — o= At — - uMMMAND =T —
o —_——— > = = At — = =0T =
Svx e S = = rais a1 - T EEPETL — ==
O T - o —_——— o —_— - T XreTzL _——_——
o T -~ o — P _— - T FTxiy —_—
anﬁ = aﬁm-vuﬂ T — o= At — 7 =T A =
Se == 2 P — 2 o — S Exean =——
o= o — O = [k A — O T =T am
=4 Z = =y — S x——— bl =he = =3 = ¥ = -z
s o T =T = = T — € =T =
[ 1= e = o — o= e o= = — < =TT 6\$\N
p=d —— > —_— = A — - T T EPTxsLx =
= et = = == — = A T - T ETEOXxry & =—
P —— p=d == = = - T TeTrn E=—
- —— — h X £
= — = — — =
ST = e o= = SST e o= =t TE=
> —_—— o —_—— = a1 - T ¥ ewn Tz =
o - oT e — o= S = - = = e
Pt —_ e —— = S - rﬁEll-H.HuP =
=3 == S = = e L. e ——=
_—— o =—— o« e — S - = =T .
b=4 > s 7 F= AnwniV‘N T ITExETxXn W\WM
o - — o = — T EXDTIa - =
= —_ = - M ..W&V..t.'l! T AFTFPT=EN _——
PS4 —_—_— =3 =" L E DTX g o
—_— =4 =—— w = T EE DT _——
OAU _— =] - S = = T EEXEDEIO _——
e [ = 2 = = — =TreIe Nt
m|-n|.| =4 =z AMVJH NH“I.'T S-S = =T A
- AUHW = — o o — MH_”M = >
e (=3 = —— _— = i i
At — o7 = ww .J“Ml SxE:E -~
== = T — = o — OM ”M -
T —
€ =T
-acgTe X

=

P23
=
an -
1

=
=
=
=
=
-
>
=
-
=
=
x
>
=
-
=
=
i =
=
=
e
=
=
T
-

=_ = .x p = 3
as =4
aa p=—2
as 2
ax €
ax =

C&—T1T D -
aa >
aa =2
aa -
as =
aa =

CeE—T D x
ax =
aa L.
aa =4
sa =
sa &
aa =
as =

Cee—x D> T

POy =
P P
aa >
Py =
aa e
as =
ax =
C=—T D p=
s =
sa 2.
as 2>
s =
an 7
s W\m
ax
(C—=T D> T
s =
Pt L.
1a 4
s =
o =
as €©
aa =
Cess—="TE D =
aa <
o <
s 7
sa €
an =
CO=—TTDD e
as <>
an <
a8 -
aa €©
2a =
(SsT—=¥ETD>D T
as <=
as b=
an >
aa ©
an =
C7r Tt —oTxT D T
~a T

TR F BELE " X - = R . £

CE 2 LIXOTDF W X DT X B




i
WA

e

\

ALNNNY \\}H \

i:.

W

99N

14489
3}“&\\ Y

ARARARSARARARAR

AAARARAARR AR
VAN | 994N

i

f

!

i

AR
&

AMARAROAR

W
N Nl

t

SCRARRE

NYYNYNYN

'y

moan
AN
ARRA
O

R
W

&

ARAARARN

daaNBOmmRNmOY

A
NYNYTY

0000000000000000
td

W
TRV N R

d

AAARARARRARARAAY

00
il
H

 CLRRCRRRSARRRT

\
H

1L

A
0
il
;|
H
4
v

N

x - > —_—
= = = ——
<> —-—— <> ————
< —— -4 I
b= e = —_
= = = v
o —=—=— < —
x - P-4 p—
0= —_— sy _——
= = - —_—
x = = _
- x=—— = —
= = — < ——
> == L= _— - T w IDTxLR
b= I =4 —_—— - T FETXLR
> — S R - L% EPTxfa
> - = —_—— - T BT
o> —_— > —_—— - R E>TXxaga
= = S —_—— - T T ey
= e —a [ =4 —_—— T T EBTEO
x T > _——— - TxToTEO
x Zz o —_——— - T x BT
< —-— o —_—— LT BTEL
S= == z -== z:x
= = = —_—— - T T EeTIL
3 = o _—— - LT X pPPTxia
= - <> —_— -~ T X DeTxf
o = —— P=3 _—— ITEDTR
= = - > ——— - & ex
- = = -— — - € ¥ BeTTia
=4 I L= —_——— - T T BTz
=4 =—— b=g —_——— - T X EeTxo
= s _— < —_—— - T TeTxia
= - - —_—— = =T
= o p—— o — - TXxDTxO
<> - —_——— o S ]
=4 ——— b=y _—— - T ExEexxin
L T o _— - T ExPeTxi
b= s — < —_— - r TeTxn
= -~ s —— - €L EEXTia
o P = —— ITEgTIO
= T —_— - T
b B Sy o _— - L ¥ Pcxa
e —= <> - - L EToTa
= == p= _— - € xeTx
= g — - —_— = =
= T _ v —— - €T recxn
— e _— = - == = ¢
= a1 o _— - T TeTxa
= m— o —_—— - L FEewxyga
h=4 S — =g _ - T © EPxxfi
= v === o - - € pray
g x_ pd —_— - T TEEE LR
>4 _—r p=g —_— - ¥ X E>rxia
Py P MW — = - L X T
- — —_— - ¥ T
- T — P=3 _—— - T E BT
s i a—— <« —_— - €T TeTxra
= T XL - _ LS
S L p=d R - T BTxn
b= = b4 _— - r X oexra
p=< el =4 —_— -« e
b= e o —_ - T T
S - o = - CEeTzgy
o T _ o= = — S e = ¢
S N — o R - E EBPTX
S S o —_— - T ETPeTEnO
b= —— =4 —_ - T TeTxn
= = o —_— - €= oxxrs
pd T - — <> _——— = =°C
- Prau—— o — - T ¥ BTxn
w = — O _— = =
= —— < —— e nle £ =0 =
=T =—— - [ — e =
x = % = o _—— - € T DTtz
< o < ——— - Ltxoen
= — b=4 _—— - TrrTreT™o
= == — = =_= 2rx O
MWJH r—— pied I < =T
_— o —_—— - ¥ TPeTxn
S g — b4 I - L ETexxga
= i - L TeTwxn
= == S —— - TITEeTxn
o = 2 - - ¥ reTra
= —— o — = - T XxEPTxia
. = p=4 I - LT EETX L3
o ="_ o —_— - LT XeTxxgy
s = —— S R - L T T gy
had —_— - T FPTw=
o E X = =
- T T ST O - S ex o MW MWM“;H
W < B x o P oy

= B> ~ > WD K Am
= = = e o WY nn“o

XX<> F JPXL U K X

CX 2 MDD =M X ANTE T
’

X T TR &

- TR . 55



- oz -TTPaE0 ——— vy a _
- ozt ——— - oz - TEPEn - vrT = -TT) °
d or — - o - -TyPan —— Yr— o
o ——— —_— o —_— - TIPUN —_—— b & H L—xT)d) 4
oY —— —_ o TV - TypuUn ——— iy a
oY - — o —_ *TrYPun —_ v+ H (L—-TT) €
ozt - —_ o - - Lrpun ' - iy n
og L - o T -TIpun - rir— H L—TT) T
og ——= . ——= o ——— sTIPUn - rrve o
os - - o - sTFpan - e H L—-TT) T
o =+ o - o ——— - T¥pun I e n
oz - o v o —_ “TTIpun = ' H (z—T1T) 8
O€ €= T TT— k4 Yr— - TTrpun TT— rryy n
oz IT+ T zZz— r reE— - TTPUN zz— R e ad H (z-T1) 4
— ©O - o — o = “I¥Tpun —— €+ n
o - o — o —— sTTPUn _ T H (z—1TT) %
oT zFT o —_— o - _IFpun - T B
oz ZT— o —_ o —_ - T¥Pun — riy— H (-TT) T
oY I o _— o I “IT¥pun —_— oyl n
oY — o ——— T € “TTPUun —_ 7+ H (o=—0T) &
oY = o - o - - TTIpPUn ’ ——— iy — n
oY +—— (o) T—— o - TTTerun T r— H (9z—-0T) <
ozsx = T €1T— T - s TEPUn €T i n
o9 +—— T €T— T Z—— sTTbun €T— T+ H (9z—O0T) T
o -—— o _— o - sTTpPUn —_ - n
o _—— o _— o -—— *TEPUnN - — H (8T—0T) 4
oY ——— o - o - “TrPun —— —_ n
o - o - o - “TTFPUNn - - H (8T—0T) ¥
oz — o - o] - s TIPUn -—— - n
o - o - o - *TT¥pPuUn - - H (8T-OT) €
o9 ——— o - o - “TFPUN - 7 o
oY - o - oz - *TTPun - - H (8T—0O0T) T
) oL €-C o - T £ -TTrPuUn = T n
oY Z—— (o] +—— (o] +—— “TTPUNn +—— - H (LT—9oT1T) 9
oT z3— o —_ T TI— “TIPUN - T+ n
o - (o] - T TT—+ -TTrun — - H LT—0o1T) 7
09 TT+ T €T— Z 7T “TEFPun €T~ - n
o9 z—+ T £—— T € ++ s TTPUN [ - H (LT—OT) €
oY I (o] - T == *TEPUN —— TT+ n
o€ — % o ——— T zZT— sITTrrun _—— =Y H (LT—-0T1T) T
oY €—— T z—— O T—- - TTPUn z—— rE n
og¢ z—— T Z—— T zZZ— sTTIpPun z—— i H (¢1—0T) 9
o€ (- T ZT— T €+ “TTPUnN ZT— ——— n
oY zZ+ o T—— T z—— -LTTpPUun = Ve H (¢Tt—-0T) €
T IT— T ZT— (o] T+ ~TTPUN zz— ——— n
(o] +T— T T o +—— -ITTPUnN T~ e H (¢x1—0O1T) =
o€ T+ T ZT— T ZT— -TIpun Z1— e n
oY ZT+ T 2T— T ZT— -TTrpPUn 2T— 7T =" (¢T-0T) T
usHITUD
I3 FL €T x93 TIL €TT I3 FL €T €T €T
e auend aqnt I s3uend aqn I, cquaend aqnJ, a2gn. g, 2T J,
*“Delk Sanjedaduws g, - T Deol.€ BULLES TOoTaoed ol
WMOO g 66O UITM aETnNqQeTd anaa g QU N
uoTIOoVI A qITM QI TS ) pue
TEITNQeTo JFo woTaoeay o ETjFOovayd O 20an0 g
23T SUOT3IDEIL GTIINqOoLD Ui M suoTidesyd TOTAINTTA el e (H) un.Jge g

vaaS IISEVE ANV DId “IJASHOH “ MOD € NANMOIHD (A1) dILVHHNNO aNV (H) aQILVEHH J0O
SNOIIOVHL NITNHOTD HIIM SHHNLVEIANIL INTIIALLATA IV SNOILOVAY NOILVINDDOIA

D XIAaANAJIAVY




- 2 e 2} y—— ——

T —- o - n
T h £ o T €—— ~TIFean o €+ =H (9o—21T) €
Lo} —— o - ~TI¥pun —_ roye n
o —_—— T z—— ~IrIpun — Y aad . H (o—-2zT) =
ooxT Yy e b o 8 YI— Tz rir— YT n
o9t YYY¥Y = h £ o 8 o z= rr+ iy H (@-z1T) T
[a] —_ o] _ (o] ——— TIFPUN - - n
© — o - o E— cTIPUEA - - H €—21T) 9
ozT Y7+ oz € oz 7 §:T 7T vy o -
o8 e oz €+ oz ' S =T 7t aad = €—2=21) ¥
oYy ¥+ z €7+ T Yr—— TIIPUO EVY+ —- o
oY vy € rir— z v+ *TTPun iy — T = e-=T) €
oY ryr— oT T—— oY y—— S 3T —— iy — o
oV Y- o9 z-— oY r—- ST:T T—— iy H (e—-2T) =
nd ozt Y- |y v— og g —— zT = iy r n
09T A sv € os z—— ZT = iy haad H (e—21T) T
> iy o _ o - ~TTPUN == o= o
€ i+ T Z— T z—— “TTpun Z—-— 77— H (oz—1T1T) 9
oz = T Y T 7 —— - TIPUN 7 - n
oz ra s T ¥ o ——— *TTrpun Y+ 5 H (oz-T1) ¥
+orz iy T 77— o —_ *TYpun - e n
+O7Z  YY¥+ T r—— T €—— ~TTPUN - iy H Oz—-TT) =
€ iy T €—— o - ~TTPUN €—— FrT n
€ Vol T Z—— o —— ~TTpun Z—— Z H oz—TT) T
o€ Y- o ¥ I z—— T ITIDUN - ——— n
oz r— o +—— T Zz—— *TTIpun +—— r— H (¢ST—TT) 9
oY r— € 77— z re— cTTPUuNnN rr— r=— n
09 rir— € rir— € rir— sTTPun - 7y H (¢T—-TITT) ¥
oYy riryy € 7 € rir— - TTPUN iy ——— n
oY iy € s € rir— S TEFPUN Y+ Vel H (¢T—TT) €
oz Z—— o ——— o - sTErpun - ——= is}
oz €+ o —_— o —_ “Trpun - 7+ H (¢sT-TT) 2
oz Y IE o - o - -TTPUO - -_— a h
oT €+ o —-—— (] ——— ~TTrpun - ——— H (¢T—TTL) T
4 iy T 7 o ——— sTrpun = T+ n
7 Yaa'd 8 7= =3 r— 23T YT iy — H rT—0oC1T) S
09 a4 7T Frx o€ b S*€:T 7y o n
ozZT kaad T Y+ o€ e S €T riry Y aad H (Tt—OT1T) V7
ozZT TTY o 7IF oz —= oT:T T iy n
00T Yaad oY YT+ oY rz— OT3T Vaad Yaad H rT—Oo1T) €
oYy T+ og T— oz ——— OT T iy 77 - n
og e+ oY €+ og T+ OTLT =T Yaad Ve ad H (t—oT) =
oz ity T = ot yr— - TtTpun Y r— ity — a
o9 iy 8 e+ oz Yrz— A o YT iy — H (TtT—O0T) T
MO D
ozZT TT=* (o] - o ¥ “Trpun - vy n
ozt T+ (o] ———— le] —— *TyYpun —_ e ad H (€xT—271T) 9
oT Te— T €xF T £EX— “TTrpun €+ 77— n
T Al T £+ T € +— *TEFpun €+ s H (o—-21T) €
(o] z— Z—— o T—— “TyYpun Z—— rx n
oY zz— A T T— S TYpun = rads H ®-zZ1t) T
. (TaxD>TFUDdD)
23T €T xa23TXL €2T JI29TL €2T €T €T
s 3uen aqn g, squEn ® esqn I s 3aueENnd a2qnmi I, aqn I, aqny
*DeT Sanjedaodus g, T D el.E SULLeS o TIoeI
WOO g 250 UFTM UFTOQOTD mJaIae s Xaqwmn N
UOFTIOVI A I ETM I TM ) pue
— TFTTNQOTH JFJo WTOTIovaad TIOTJFOoOvSdY -xXO S>ano g
ﬂ%ﬂ o FTIOTEA wyre e CHD) omnIe o

(X a TMOD) O XIXAMEIIV



&1 o yr—— “TFpPan i baad n
3 M Nﬂ.ﬂn .M vy— -TTPuan Y ¥¥ raad H LT—21T) T -
y—— o - o _ -TyouUn = ity o
Yy T —— o — - T¥pun z—— T H @I—2T) 9
yy— o = o - . eTTPUN - rir— n
yy— o T o - - TTrpan T haa . =H oT—=21) %
yz— 8 Yy - ZzsT rir— iy n
Yy— 8 o _— 3T 7Y+ ry H 9T—2T) ¥
= -4 Y : —_—— Z:T rr— riry n
Y+ 8 77— - Z:T rir— iy H (@1T—-2T) €
€— o - o - - TEPUN - - n
- o B o - “TT¥pun — — H @1T—21) =
¥+ 8 - - 3T rre riry n
rr—. -4 €T— _ Z:T i riry H @IT—<=T) T
riry T T+ [o] —_ ~TITPUuUn 2T+ iy n
iy Z E+* T z—— - ITITPUuUn reEx ririy H (zT—-21T) 9
8 I e T—— —_— =T T aririy n
F=3 . TTITF 8 €+ —_ . Z:T 7 rr— H (zT—-271T) %
T Y (o] [t (o] —_—— “TTPun et virr n
€ VET o +—— o —_— -TITpUun —— Ve ad H zTt—2=1T) ¥
oz iy h 4 T —_— Z=T
oYy A ad &4 z— - Z:T Y+ 77y n
) 77+ > haad H T—21T) €
T TTx o - o —_—— ~TTPUN —_—— ——— n i
z T+ o - o - -TTPUn —— YT H (ZT—-2T) 2
o = o - o -——= -ITTPUn —-—— —== n
o - o - o - ~ITrpun —_— —-=€ H (T—=2T) T
z Ye— (e} - [o] ——— ~TTYpuqg - - irr n
€ ry— o) +—— o - -~ TTPUn —— ha s H (tT—2I) 9
oY - T Y T r—— - T¥pPUn 7 +— 7y n
og iy — T — T - ~TTPUuUn r—— 7 — H (rr—21T) <
oT A ad z zZEwF o - ~TITpPUun zeg+ —xI= n
oz e T e o - *TTpun ¥ —— H (tT—21) V7
oz 7rr— T - O V- “Trpun 7—— Yarad n
oT v—— o - (o] - s TTPUn et 7z H (TT—21t) €
oY e oT - T - S-Z T b aad iy n
(e X4 rir— oT 7 o —_— G*Z 3T Va3 e ad H (r—<1T) 2
09 v+ 9T zz— k' d - 7T i iy n
o8 7 oY €—— oz - OT:T 7y iy H (ftrT—-21T) T
osIOH
os o - o¥% iy — oY iy oT:T 7y vy o
oo0T kaad oY Yrez— oY £—— OT =T Yaad iy H €—1) €
oz vy (o] T+— o) = *TTpun T+ Y x n
oT Yaad o +—F T TT+ *Trpun +—F iy H €—1) <
O 7y T € o - “TTpun €+ T—— n
O e ad (o] T+ + T z—— *TTPun T+ * iy H (e—1T) T
k4 iy T Z+—_ o —— s TEPUN o ——— n
OT iy (o] T+ + T 7 *“TTpun T+ =+ iy H (—-1) 2
OOT Y+ T £ o - TTTPUN _E— ——= n
o8 rr+ [o] + o - T T ITTPun + ¥ H -1T) T
(mo )
IS3TEL €T I29FL €T I23FL €2T €T €T
cqguEen®d sqng c3uen®d sqn L Tquend aqn L eaqni L aqn g
T DT Sanig edoduao X, " Del -t PUTTYS Vo Taovax g
wmoo 6O UITM aurFImqQoTrTH un e s : Toqun N
UOTIOBRIL 3 TM QI TM puw
arFmMmaqoITd JFo IO FJFIOoBS Y TOoOFIOo@S M Soano g

e Y

e Y

T SESTISEI X UTTOACTD HATA suoTjoved TOFINTEA

A“igv = uug




5 oz - p— = —_— G =T iy n .
oz — T— —_— S =¥ Y ¥ oy H (vy—o1T) <=
- .
& oY S Y = e I3+ z—— ——— n
oY ye— oz z— _ B < zT p— vy H (y—oT) T
oZxT vy o e+ - ST ry— - n
o8 ke ad OM rI— NM N.WI S-z= rr— iy H (oz—-6) =
Yy o - -TTPuUn ' —_— o
w.w iy - N..MH I zx- -tTPun - T H (®z=—6) T
oy - _ oOTsT v Zz— n
“WM 3...” _ nOvN N..".TH W“W N|| OT 3T ¥+ kaad H (T—ot1) 4
1 L ad —_ - TFPUN zez _ n
/. WWH iry N WNM ) W - S TEFPUQn =T bl 4 H (t—-otT) &
ot s coxT Y cort e—— sz T = €3 a _
o9T e+ 00T Y+ ocoT 22— sz . K vy H (T—-oT) €
= T - 3 3= — -TIrpun = - n
ot 2 3 I T =+ -TTIPUn —%F —— H (T—-oT) =
ozt S 47 = — ZI T rrx < o
09T ha s N* ¢P¢H W“w N!l ZT =T ha &l Yaad H A.nlo.ﬁw T
. Ta
__ S ~TITPUN y—— ity n
L 22 I T 1 R34 == v B e e
: _ — — -tIpUn Y- T n
oz E T 7= T ko -TTPUn v vy H  (T-2T) T
S - —_— ~-TTpun - e ad n
o= bt < - b4 p— -TTPun ~z—— 77T ' (°T-2T) 9
ity — —— [ ~-TIpPpUnN - 7Yy — n
M“W r— W ,.nfll M —_— s TTpun T it H @1T—-2T) S
_ - —_— = o 7r— Yy n
%W WWI W “W#HH - Z3:T Va3 aad H oT—<=1) ¥
- - _— H ritr— 7y n
oF KA ES g b A — it p& A iy " (eT-=T) €
T €— o - o - - Trpun et - n
RS - (o} - o - TTTRPUN - - H (9t—-21T) =
oY 7+ e - - Z 3T rre riry n
OOt rr— 8 €T~ —_—— Z 3T Ve e ad H @T—2T) T
oT s d T ZT* o] ——= *TTPUn ZT+ 7y n
oz haad Z EF T z—— S TTpun 7eF ha'ad H T—21T) 9
g 7= Z = — z:T 7 iy n
8 T+ 8 €+ - ZsT 7+ 77— H (T—21T) <
T ¥ o - c - TIrIpuUn - Y el n
€ 7ET (o] +—— o ——— T TTFPUn +—— 7y H T—-=Z1T) V7
oz e ad L' T —_— Z:T rx i n
oY Yaad b4 Z—— - 3T Y a s aad H (zT—2T) €
T = O —— o —— TITPUN - ——= n
z 7T o] - [o] —_——— - T Fpunl ——— e+ H (Tt—2=21T) €
(o] - [e] - o —_—— *TErpun —— —_——— n
o —_— o] ——— o ——— *TTIPUnN - - € H (T—2T) T
z rz— o == o - “TFPUN - iy n
€ rr— o +—— o - *TTFrpun +—— &S H (rr—=21T) 9
oYy rir— T ' T —— “TEPUN i — . Ve ad n
o€ riy— T - T —— "ITTPUun 77— rir— H (rrt—2=1T) <
(@saxoH)
83T €T Ia83TI €2T I23FTL €T . €T €ZT
*3TEn aqn g cguend® san I “auend sqn I aqn I eoqn I
T DeT sinmjeJodud I " Del€ eUrres aoTaoeXd
mooy %60 UITM arTnqQetTsn wn.Ie g
uOTIORII YT g3 Tm n)
VTETRQOTH JO WO FTFIOVSM WO FIOoOWS W XO

soFINTTa =ope e S 8 [¢ 9]




TT

T €37 o T o —_— - TTFpPun T = H -

o T o — o —_—— *ITTPUun —_—— T H » OoT
2 € rr+ o T T zv -TTPUn T e~ H " 6
oz —

z T+ T z—— o — ~TrFrPun z— ver H u 8

o T T Z—— o —— “ITTPEN Z—— 7T— H u FA

oT a5 T r—— T = sTTPUun y—— Ya sl H u 9

€ rad z Ir— T 9 - TTPUN 7r— 7T— H = S

oz zzF T €—— o — -T¥Pun €—— V7T =" u k4

T v o — o — -T¥PUO - rE H " €

T [ o T o —_—— s TEPuNn T—— €— H "y z

R o €T —— o -—— o _— T ITEFPUunNn - == H (ce—=2T) T
aTaaed
= = _ -TrPUn £+ o= a _
oz gex T 55 T == -TTPUn e a6 H (97T 9
—_— ——— - - 154 - == n

m T+ M ——— w - .MMWCW —_ ZET H (9z—1IT) <
— - g —_ — n

Q o g —— S TIT 3 Lyt g i iy H (e-TT) 9

- - - S-Z:T - ——— n _

ot = —— ot = cez:T - 7Yy H (€-TT) S
oy —_— —— - TEPpUN —— h A n

pe FAL S T v_Z P S - T¥oun K 77y H (te-ot) s
+ T - s TTPUn yar T+ n

WM W..n..l ..m NWHW w r— s ITTFPUN v+ Y H (Te—0T) €
+ - Z3sT €T+ ——= o

WW MMM M WHI ——— Z:T £E— e H (te—otT) T

o9z Y+ og - oY ——— oz =T N aad €=e n

ozz 77+ os - oY ——— Oz =T Kaard Yiryy H (6Z—-01T) <9

e a e Y+ Illf z:T Y €+ n

8 rzx 7 T—- - Z=:T IF Vaad H (6z—01T) <

ooz 7 =] === - Z T rex ——— n

O9T 7+ 8 7 r— +—— 3T Va3 Yy H (6z-01T) €

€ 77 =4 - T z—— *TTIPUn rz— F—— n

€ €V T ' — [} T—— “TEpPUN 7 7eT H 6=Z—oT) T

ooz e+ oZT YT+ ozT YV+3x og T iy 7Y n
09T e 09T - o9T YT+ o7 :1T iy 7y H (oT—-0T) &

oz s o - o - TITTIPUn - ——— n
o€ e+ o - : o +—— s TTITpPun —-——— Yaad H (ot—-oT1T) 9

oY Kol e £+— T 3T TE+ —== n
oY e ad e T+ T Z3T €V e €T H (0oT—0T1T) €

oY 77 e e+ 8 ITE Z:T Y7L iy n
oY iy e 'y e €F+x Z:T iz iy H (fot—-o1T) 2

oz iy oT €F— oT - S Z T re— ——— n
oz e oT € +F +—— S =T iy — €€E H (cT—-0oT) T

oT [ T Y- T r—— TTIpun r—-— - n
z EF T € T Z—— " T¥pun € Yy — H (r-ot) ¥
Exa)

23 F €T x94T €T I23FL €T €T €2T
" 3uen asqn I - guen aqn J, cguend sqnJ, sqn I, aqn I,
il P o SsInNgy vaodue O L« PV suaIlTeS TOFTROEX g

Wooyw %O YUITm urFInNqQeTo mas g Jaqum N

UOCFIOVI L TR T qITM n)

— UTFTNQOTH JFJO MO TFTIOwe M MO TFTRFOoVOM O

TRV IO TIDEI g BTITAAdOTD G3ATM suaorjgsevedw OoOTAINTFA e I e <H=) m-mnae 5

€O 2 MWD © XA K TW




219

0 T+ 0 - 0 =+ *TTPUN ——- T+ H w  IT
T £+ ) - 0 ++ *11PUA - - H w 0T
£ - 0 - 0 - *TTPun -— 1- H M 6
2 €e- 1 - T 2-- *1TPUn 2-- Wy H u 8
02 €E+ T €+ T 2-- *1TPUfN €+ iy H " L
0T s 8 3 8 Z-- Z:1 - - H u 9
€ ry- T ZF 0 - *ITPul 2+ i H u 4
8 e 8 g-- - 21 Ye- T+ H u Y
0 T+ o - o - "TTPUq - - H €
0 T+ 0 1-- 0 T-- *1Tpull 1-- -—- H u 14
T € Wy 0o - I *TTPUN ——- 2-- B (16-21) T
1 21~ 0 T-- 0 -— *TTPUN T-- Y- B (0€-21) 21
(ataq2y)
J29T1 €21 1931 €21 19311 €21 €21 €21
squend aqujl cquend aqng ‘quend aquJ aqn g aquny
Bl *Dol aanjededue ] “Dolt 3U[1eg  UoTIdBLd
wooy 46°0 UITM urnqoTd umaa s Jaqum N
uoT3oedd Fead e () pue
L L uimqotry Jo uo3orey UuOTIOedY X0 80Janog
138 suotrjoedd UP(NAQOTd U3 T4 Suofloesy uoTANTTd uygey ugyeY U (H) mdaos

(a,:INOD) O XIANAJLY




220

APPENDIX D

Record of flocculation reactions (at different
temperatures) and of Complement-Fixation reactions given
by rabbits before and after inoculation with Spirochaeta
pallida. The footnote for the serologic record of
Rabbit 486 § , (the first record shown), applies to the

other rabbits examined as well.
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