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On the Determination of Treponeme Immobilizing
Potency of Weakly Reactive Sera and Its Suggested

Interpretation *
0. B. PORTELLA 1 & W. R. THOMPSON 2

Methods previously developedfor determination of the TPI potency ofstrongly reactive
sera have required modification to permit confidence in estimating potency in weakly
reactive sera so as to correct for apparent blank reactivity and for possible inhibition
by other serum constituents when a high enough serum concentration is used to permit
detection of TPI activity. The intrinsic or blank potency (w') and the relative sensitivity
(f) in the presence of a given amount of specimen serum are estimated separately, the
latter through use ofan internal standard by adding a convenient definite amount ofstandard
serum. A primary aim of this study was to find what value of potency (p) would not be
exceeded, or rarely so, by reactions of sera that had previously been evaluated as
" negative " on a crude qualitative basis; it seems that p should be I or less for all such
specimens. Those rated previously as "positive " appear almost always to have p greater
than 3. Those with p in the interval from I to 3 indicate a needfor further tests, preferably
with fresh specimens.

INTRODUCTION

Kinetics of TPI reactions

In two previous articles (Portella & Thompson,
1957, 1959) the authors have shown that, under
improved conditions there described, a convenient
relation was found between the amount (z) of a
strongly reactive serum or pool, the amount (x) of
complement per millilitre of reaction mixture and
the resultant degree (y) of specific immobilization
for a reaction time (t). This was expressed approxi-
mately by

log zxtr = log K + h log[y/(l -y)];
i.e., zxtr = K [y/(l _y)]h, (1)

where r, K and h are parameters that depend upon
the particular complement preparation and trepo-

* From the Division of Laboratories and Research,
New York State Department of Health, Albany, N.Y., USA.
Two previous articles (Portella & Thompson, 1957, 1959)
furnished a foundation for the work reported here. All these
studies were supported by a research grant from the Pan
American Sanitary Bureau. The experimental work had
to be terminated early in September 1958, when the senior
author returned to his post in Brazil. Separation of the
authors has delayed preparation of this article for publi-
cation. Requests for reprints should be addressed to
Dr Thompson.

neme suspension used and the potency (p) of the
serum or pool.

Estimation ofrelative potency ofstrongly reactive sera

Moreover, it was found that, approximately, K
varied inversely with p, so that, if Ko is the value of
K obtained in a simultaneous test with a reference-
standard serum of potency po, then we were able to
estimate p for the other serum from its K value by

p = poKO/K (2)
Accordingly, we might define the parameter J= p0Ko
and w as the amount of immobilizing antibody per
millilitre of reaction mixture, and write

log wxtr = log J + h log[y/(l -y)];
i.e., WXtj = J y/(l -y)]h (3)

as a relation applicable to all strongly reactive sera
tested with the given reagent preparations (com-
plement and treponeme suspension). Now, let Z be
the value of z required to yield 50% specific im-
mobilization (y = 0.5) in a time (t) with a given test
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serum of unknown potency (p). Correspondingly,
let Z' and t' denote values pertaining to a simultan-
eous test with the same amount (x) of complement
and a reference standard serum of known potency
(po). Then, for a moderate difference between the
two times (t and t') we may take the approximation,
r = 2, to estimate the unknown

p p0(Z'/Z) (t'ft)r (4)

Preparation of replicate standards
In our 1959 publication we described the prepa-

ration of a composite pool (ALBI) of Nichols
immune rabbit sera as a replica of the second TPI
control serum made available by WHO in whole-
serum form for collaborative work among a number
of laboratories-this we called WH02W. ALBI was
shown to have essentially the same potency as
WH02W, which we took as po = 100. A third TPI
control serum (which we termed WH03) and a
reconstituted lyophilized WH02W that we called
WH02L were tested with five other pools (NIPi,
i = 1, . . . 5) in a series of simultaneous tests permit-
ting a useful analysis of variance and an evaluation
of relative potencies in terms of po. Though WHO3
had been made from human sera, it was shown to
react similarly to ALB1 in TPI tests, with a potency
about 73% of the standard.

The influence of blank reactivity
The amount of immobilizing antibody (w) in a

reaction may be considered as having a component
w' contributed by other sources than the test or
standard sera, so that we might write, respectively,

w=pz+w' or w=poz'+w' (5)
Accordingly, (pZ + w)tr = (poZ' + w)t'r and,
instead of relation (4), we may write:

p = po(Z'/Z) (t'ft)r + (w'/Z) [(t'It)r - 1] (6)
In previous work, the last term of the right member
of (6) has been considered negligible, as discussed by
Portella & Thompson (1959).

Inhibition of reaction by other serum constituents
In experiments where " normal pool " serum,

virtually free from immobilizing antibody, was
included with the test serum in reaction mixtures,
there appeared a definite inhibitory action when the
total serum concentration from these sources was
greater than 1 %-as if a greater value were required
for J in relation (3) than that (say, J) which applies
where such inhibition is absent. The apparent
relative sensitivity in any case may be denoted by

f= J'I/J (7)

This pointed to the danger that such inhibitory
action might obscure or even mask reactivity of a
serum specimen that had a potency so low that the
activity could not be detected without the use of high
serum concentrations. The purpose of the present
article is to indicate how this difficulty can to some
extent be met and to find in approximately what
regions it may be important to locate the potency (p)
of a specimen.

MATERIALS AND METHODS

Except as noted, the technique was the same as
that described by Portella & Thompson (1959).

Preparation of treponeme suspensions and mixtures
with active or inactive complement
Treponeme suspensions, after removal (Portella &

Thompson, 1957, 1959) of most of the tissue juice
and other materials extracted with the treponemes,
were made so as to contain 14-20 treponemes per
high-power non-immersion microscope field (magni-
fication about 400 times) in counts made in the usual
way. The suspension was incubated in bulk at 35°C
for a period of usually between 3 and 6 hours. Just
before reaction mixtures were made, a check count
of mobile treponemes per 100 was made, and a
portion of the suspension was mixed with one-fifth
its volume of undiluted complement to form " Mix-
ture A"; in like manner a " Mixture C" was made
with inactivated (instead of active) complement-to
be used in the " complement-free " controls.

Reaction mixtures and counts

Counts were made as previously described (1957,
1959) of the number of treponemes not immobilized
in 100 from a sample of reaction mixture, taken after
thorough gentle mixing. The count was recorded in
each case with the time (t) in hours since the reaction
mixture was constituted. The same symbol will be
used to designate the reaction mixture, the tube
containing it and a count made upon it. The mixtures
were constituted as follows with saline used to denote
0.85% NaCl: 1

' Accompanying the composition formulae for the
reaction mixtures in each case there are given parenthetically
the values of z = the amount of test serum per ml, z' = the
amount of reference standard serum (ALBI) per ml, and
w = the total amount of immobilizing antibody per ml.
The contribution from the test serum to w is pz, where p
is unknown; that from the standard serum is poz', where
po = 100 by definition; and the apparent contribution from
other sources is w'. Accordingly, we may write in any case
w = w' + pz + poz', though either z or z' or both may be 0.

[continued opposite
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Tube Sc (saline control with inactive complement):
0.1 ml saline (z = z' = 0; w = w')
0.9 ml Mixture C

Tube S (saline control with active complement):
0.1 ml saline (z =z' = 0; w = w')
0.9 ml Mixture A

Tube Lc (test-serum control):
0.05 ml d-fold diluted test serum (z = 1/20d)
0.05 ml saline (z' = 0)
0.9 ml Mixture C (w =w' + pz)

Tube L' (test-serum reaction):
Same as Lc except that Mixture A is used instead of

Mixture C (w = w' + pz)
Tube L" (test-serum and internal-standard reaction,
combined)
Same as L' except that 0.05 ml of do-fold diluted ALB1
is used instead of saline. (z' = z'O = 1/20do;
w = w' + pz +pOz'O)

Set oftubes Lk (standard curve, for estimation of h and J')
0.1 ml d'k-fold diluted ALB1
(Z = Z'k = I/lOd'k; W = W' + PoZ k)
0.9 ml Mixture A
with d'k = l0(ko+k)/m for integers: m, ko and k=
1, 2, ..., A, taken as convenient; i.e., d'k is in a sequence
of successive powers of the mth root of 10. Unless
otherwise stipulated, m = 5 was used; i.e., the dilutions
(d'k) were taken as a suitable part of the sequence:
1, 1.585, 2.512, 3.981, 6.310, 10, 15.85, etc.

Tube Ck (standard-serum control):
Same as Lk except that Mixture C is used instead of
Mixture A. This is not done for every k, but only for
one intermediate value, since experience indicates that
the others would be essentially the same. Indeed, the
value of Sc is used instead as control in computations.

Now, to permit more concise expression of
essential relations, we use Q in place of the appro-
priate value of y/(l -y) and obtain from (3) the
approximate relations:

w'xt'r = J'Q 0h, where QO = (Sc - S)/S (8)
(W' + poz'k)xt'r = JX Qkh, where Qk = (Sc-LLk)/Lik (9)

(W' + pz)xtr = J-Q'h, where Q' = (Lc-L')IL' (10)
and (w' + pz + pOz'O)xtr = J. Q"h, where

Q"f = (I-c-L")/L" (I11)
To simplify the development of essential formulae, we suppose
that S, Sc and the reactions Lk are all read at nearly the same
time (t'); and likewise that Lc, L' and L" for any given test
serum are read at nearly one time (t). Experimental plans
were always designed so as to make departures from this
negligible, though they could be taken into account. It is
supposed that the amounts (z') of reference standard serum
used in any given reaction are insufficient to influence
sensitivity appreciably, but that the amount (z) of a given
test serum may do so, requiring a value ofJ different from J'.
The relative sensitivity f = J'/J as defined in relation (7)
would in that case differ from unity.

In (8) and (9) we suppose that the same values of
the parameters, h and J', apply and that w' is a
parametric constant also; but, obviously, this situa-
tion is awkward for simultaneous estimation of the
three parameters. However, a straightforward
approximation to h is possible, by allowing roughly
for the influence of w' by using the active complement
saline control (S) instead of the inactivated com-
plement saline control (Se) as if Sc were equal to S
and so w' were 0; the procedure follows.

Estimation of h (and Z')
Take yk = (S-LLk)/S and plot log Z'k against

log[Ykf(l-yk)], which may be done conveniently by
use of Berkson's logistic ruling graph paper, logit y
being defined as the Napierian logarithm ofy/(l -y).
Preferably use only points where 0.1 . y,k < 0.9, but
points with 0.9 < yk < 0.95 may be used if needed.
Fit a straight line,

log z' = constant + h * log[y/(l -y)] (12)
by inspection, and take the slope as an approxima-
tion of h. If Berkson's paper is used, use logarithms
to the base 10 for log z'; then h is the difference in
value of log z' on the straight line between points
for y = 0.5 and 0.9091, approximately, or half the
difference between points for y = 0.0909 and 0.9091.
The " constant " is ignored, but is approximately
what has been called Z'; indeed, this is an appro-
priate procedure for estimation of Z' for highly
reactive sera. Alternatively, a least-square fitting
procedure may be used 1 as outlined by Portella &
Thompson (1959). The value of h is taken as
approximation for relations (8) to (11).

Estimation of J'
In accordance with relations (8) and (9) we define

as estimates of J':
= poz',cxt'2 (13)

Qkh-Qo0h

Thompson has written (in Fortran II) programmes for
rapid electronic computation of expectations for medians
or other quantiles (percentiles), including comparisons
between two sampled universes, in accordance with the
Thompson-Savur principles of distribution-free statistical
inference. These are described in the 1964 annual report of
the Division of Laboratories and Research, New York
State Department of Health, together with a programme for
fitting a regression line or a family of parallels, as in Portella
& Thompson (1959), in accordance with formulae (including
those for standard deviation estimates for the coefficients
and degrees of freedom involved) given in the 1950 annual
report of the same Division. It is planned to make available
upon request to the second author (W.R.T.) copies of these
programmes and source programmes on IBM cards, ready
for compiling (a slight charge may be made for the latter
to cover costs).



0. B. PORTELLA & W. R. THOMPSON

where 2 is taken as approximation for r. J' is taken
as the median of the individual estimates (J'k) for
1/9 < Qk < 9.

Estimation ofw'
From (8) with 2 approximating r, and using the

estimates of h and J', we estimate
w J'Qo/xt2 (14)

Estimation of relative sensitivity (f)
Subtracting corresponding members of (10) from

those of (11) we have
poz,oxtr = J(Q"IhQ'h) (15)

whence (7), taking r 2, gives
f J'(Q"h-Qh)/p,z'oxt2 (16)

which is an estimate of relative sensitivity of the
treponemal complement system in the presence of
the stipulated amount (z) of the given specimen.
This estimate (f) is not used in estimation of the
specimen potency (p), but only to indicate that
conditions are satisfactory for estimating p.

Estimation ofspecimen potency (p)
Iff < 0.5, conditions are considered unsatisfactory

for estimation of p for the particular specimen; but
it may be possible to obtain satisfactory results in
repeated tests with the serum, using the same or
smaller values of z. Combination of relations (10)
and (11) give the p estimate as follows:
(w' + pz + poz'O)/(w' + pz) = 1 + pOZ'0/(W' + pz) =

Q"hl/Q'h (17)
whence an algebraic rearrangement gives,

(18)
[ PoZ'o ] 20p0z'0 1)p =(Q"IhQ'h)- 1W]Z= (Q"IhQ'h);_-20w' d

since l/z = 20d by design of Le, L' and L". The
form of the right member is more convenient in
computations than that of the middle member of (18),
since calculations of p for various test sera from
data in the same run use the same values of 20pDz'o
and 20w'. No approximation of r is required in
(18), except remotely since 2 r was used in
estimation of w'.

Choice of reaction times (t' and t)
From previous experience we judged that about

the most satisfactory time (tJ) at which to read the
set of reactions (S, Sc and Lk) was such that the
50% immobilizing amount of standard serum (Z')
would be about 0.63z'o; i.e., so that log Z' - log
z'0-0.2. Accordingly, we have aimed to do this,

and to read the other reactions at various times (t)
as soon as practicable afterwards, since the nearer
the reaction time ratio (t'/t) is to unity the less
relative error is induced in subsequent estimation
when 2 is used as approximation for r.

In the latter half of our experiments with this
system, we were aided in choice of a suitable t' by
having a replicate of the sets (S, Sc and Lk) incubated
simultaneously in a separate jar, and reading these
safely in advance so as to obtain a better estimate
of an appropriate time (t') for the complement-
treponeme preparation actually in use. This was
estimated from the time (t') of this preliminary
reading and the estimated 50% immobilizing amount
(Z') of standard serum for that time, by use of the
approximate relation t' = t" z"/Z' as found in
our previous experience (Portella & Thompson, 1957,
1959).

Choice of internal-standard amount (z'0)
Our concern was chiefly to develop conditions

under which the potency (p) of what were crudely
classified as " negative " (N) or " doubtful " (U)
sera could be objectively, if somewhat roughly,
estimated. We hoped that this would be possible
even though the relations given above might be put
to use beyond the regions where they have been
considered to hold well, and proposed to test the
reliability of such p estimates by replicate tests with
the same sera in different runs, with different
treponeme preparations.
A rough judgement, based upon relatively crude

evidence, led us to expect that p would usually be
less than 3 for the N or U sera. Accordingly, we
aimed to be able to estimate p in the neighbourhood
of 1 to 3 with undiluted serum, or with a like
contribution (0.05p/d) from d-fold diluted serum, if
stronger. This would amount to 0.05-0.15 unit of
antibody, so we supposed that a suitable amount
to introduce as internal standard (p,,z'0) might be
found in this region. In the earlier experiments with
this system we took poz'o = 0.05, but gradually
came to use larger amounts up to 0.125, which was
used in the last three-fourths of the experiments.

Estimating potency (p) as iff = I
Usually, if we have found f 2 0.5 with a given

undiluted test serum (d = 1), we may act as if
f = 1 for dilutions of the same serum fivefold or
more (i.e., d . 5, whence z < 0.01). In first tests
of a specimen it may be convenient to set up the
system with Le, L' and L" for d = 1, but only L'

708
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for d > S in one or more other dilutions. Then,
iff . 0.5 for d = 1, we may use for the cases with
d . 5 a formulaassuming f = 1 (i.e., J = J1)
derived from (10) with 2 taken as approximation
for r:

=JQh- w'/z= [20J'Q'h_20w']d (19)
[xt2 ]I [Xt2-2w]

where 20J'/x and 20w' are constants for any given
test run.

Adjustments and rejections
Procedures were designed so that rejections were

rarely needed except wheref < 0.5, but the following
rules were adopted for rejections and adjustments-

Reject the entire set of tests if S < 70, if Sc < 70 or if
a fair fit of a straight line is not possible in estimation
of h. Reject any given test (Lc, L', L") if Lc < 70, or if
f < 0.5; e.g., if L" > L', in which case write f = 0.
If Se < S, take Q, = 0; whence w' = 0. If L" = 0, use
relation (19) as if f = 1, provided that d > 3.16; but,
if d < 3.16, consider the result only as a possible over-
estimate of p. Take Q' = 0, if L' > Lc. If L' = 0,
make further tests with a greater value for d; but 99 may
be used in place of Q' in relation (18) to yield what may
be considered as an underestimate ofp. Iff < 0.5, make
further tests, perhaps with the same dilution factor (d)
or with a greater value, or both.

RESULTS

Prior to establishment of our quantitative
technique, as previously described (1957, 1959), we
had tested under like conditions a large number of
serum specimens on the usual crude qualitative
basis, essentially as established by Nelson & Diesen-
druck (1951), and had so classified them as: P, de-
finitely reactive; N, non-reactive or negligibly
reactive; and U, uncertainly reactive (doubtful)-
this last classification signifying need for further
investigation. Our present objectives are: first, to
find the approximate ranges of potency estimates (p)
corresponding to such classes; second, to assess the
danger of encountering serious inhibitive effects
(e.g., f < 0.5), and, third, to indicate the confidence
that might be placed in such low values of p as
might be considered characteristic of a class (N) of
sera that are negligibly reactive or non-reactive. 7

Replicate tests with undiluted weakly reacting sera
We obtained two or more estimates of potency

(P1, P2, etc.) in respectively different test runs with
corresponding values off(f1,f2, etc.) not less than 0.5
from each of 125 specimens of serum (undiluted,

d = 1) that had previously been classified on the
crude qualitative basis as either N or U. In 108 of
these cases 0.5 <fi < 2 for i = I and 2. In no case
did both Pi and P2 exceed unity, one-hundredth of
the potency (po = 100) that had arbitrarily been
taken as that of the reference standard, ALBI or
WHO2W. In the 17 cases with eitherfi orf2 exceed-
ing 2, it happened that neither Pi nor P2 exceeded
unity. However, it might be thought that in such
cases there would be a tendency to underestimate p;
accordingly,we directed analysis to the 108 other cases.

In these cases, having 0.5 . fi < 2 for i = 1 and 2,
the greatest pi encountered was 2.10. Values exceed-
ing 1 occurred only six times for Pi and only twice
for P2; values exceeding 1.5 only twice for P, and
never for P2. The experience may be considered to
yield a fair estimate of the probability that P2 will
exceed 1 if Pi does not, if such pairs of independent
tests are made (in different runs) upon the same
specimen. Accordingly, this is given by

P(P2 > 1 Pi < 1) 2/102 0.020 (20)
Similarly, we have:

P(p1> 1 P2 < 1) 6/106 0.057 (21)
P(p2> 1.5 Pi < 1.5) ;&0/106 =0 (22}
P(p1> 1.5 P2 < 1.5) 2/108 0.019 (23)

The left members of (21), (22) and (23) respectively
denote the probabilities that Pi exceeds 1 if P2 does
not, that P2 exceeds 1.5 if Pi does not, and that Pi
exceeds 1.5 if P2 does not.
An indication as to what value P2 may be expected

to have in view of the first value (p1) obtained for a
given specimen is afforded by consideration of the
values of P2 that were obtained for Pi in certain
convenient subclasses. These may be taken as:
(l)pi = 0; (2) 0.01 <Pi < 0.25; (3) 0.26 <Pi <
0.50; (4) 0.51 < p, < 1.00; and (5) 1 < Pl.
Accordingly, the 108 cases with 0.5 < f < 2 yielded
subclasses having aggregate number n = 54, 20, 16,
12 and 6, respectively. A cumulative probability
graph for each ofthese five subclasses is given in Fig. 1
in accordance with principles developed elsewhere
(Thompson, 1936) 1 as a system of statistical infer-
ence based upon an assumption economy that in-
volves little beyond what the experimenter must
assume if he aims to study an approximately re-
producible phenomenon. A brief explanation has

" Also dealt with in: Thompson, W. R., Assumption
economy in scientific statistical analysis, unpublished paper
distributed at a panel discussion on " The application of
statistical methods to the evaluation of biological data "
held on 17 May 1949 during a meeting of the Society of
American Bacteriologists in Cincinnati, Ohio.
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FIG. I
EXPECTATION a THAT IN TESTING AN UNDILUTED
SERUM SPECIMEN A GIVEN ABSCISSAL VALUE WILL
NOT BE EXCEEDED IN A SECOND POTENCY ESTIMATE
(p2) IF THE FIRST ESTIMATE (pi) IS IN AN INDICATED

RANGE
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a An unbiased estimate of probability (Thompson, 1936).

been given earlier (Portella & Thompson, 1957) of
the principle as used at present and some salient
articles on the theory and other applications were

cited, including the independent development by
Savur (1937).
The principle for estimation of cumulative proba-

bility is essentially as follows:
If we have just n random observation values (xk,

for k = 1, ... n) from a given universe, arranged in
order of increasing magnitude, then k/(n + 1) is the
expected relative frequency of encountering in a future
experience under the stipulated conditions a random value
(x) that is less than a given xk. If any two of the actually
observed values are equal, we treat the situation as

an approximation of the ideal situation wherein all of
the n observed values (xk) are different.

The graphs in Fig. 1 for the five categories of PL
values (subdividing the interval from 0 to 2.1) in
increasing order indicate that there would be ex-

pected, respectively, that 93%, 86%, 76%, 70% and
67% of the second-test values (P2) would be less
than 0.5-more than two-thirds of the P2 values in
all cases. More than 86% of the P2 values should be
expected to be less than unity in all five classes.
A large number of 0 values were obtained; among

the 108 pairs of values 54 for p1 and 57 for P2 were 0.
Of course, by the computation system none of the
p values could be less than 0. Indeed, the median
values (50 percentiles) for the five classes in increas-
ing order of p1 classes were 0, 0.03, 0.06, 0 and 0.27
for P2, respectively.
The means of the pairs of values for each speci-

men, (p1 + p2)!2, were used in like manner to con-
struct cumulative probability graphs as shown in
Fig. 2 for the specimens that had been classed on
the crude qualitative basis as N and U; these were,
respectively, 104 and 4 in aggregate number. In the
graphs it appears that the 98.5 percentile for the
N class and the 60 percentile for the U class should
be about unity for the mean of two p estimates.

FIG. 2
EXPECTATION THAT THE MEAN OF TWO POTENCY
ESTIMATES WILL NOT EXCEED A GIVEN ABSCISSAL
VALUE IN TESTING AN UNDILUTED SPECIMEN THAT

HAD BEEN CLASSIFIED CRUDELY AS N OR U

1.0 I I
104 CLASS N

- RX SPECIMENS

H -

com -

0
cr~~ ~ ~ ~ 4CLASS U

0X 0.5 SPECIMENS

-LJ

0E

710
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Inhibition of immobilization by certain specimens as

indicated by f values
Now, consider the possible utility of f values as

indicators that presence of serum of certain speci-
mens may induce inhibition of immobilizing activity.
In the experiments currently described it was not
planned to makef a precise gauge of this; indeed, it
was judged that great variability in f values should
be encountered even if replicate tests were made
simultaneously with the same materials. Moreover,
choice of experimental plans was restricted by know-
ledge that the laboratory work had soon to be dis-
continued upon the return of the senior author to
Brazil in September 1958, so simultaneous replica-
tion was sacrificed in favour of testing greater
numbers of specimens in non-simultaneous replica-
tion using different treponeme preparations.
However, any consequent increase in variability of

the estimates of the potency (p) of a specimen relative
to the standard (po = 100) and of the relative
sensitivity (f) of the treponeme preparation to im-
mobilizing antibody with and without the presence
of a given amount of the specimen serum should not
be regarded as a sacrifice of any proper confidence
to be placed in the estimates, but as the usual con-

sequence where independence of replicate observa-
tions is promoted in order to provide a better basis
for judging reliability of estimates. It was hoped
that, despite possibly poor precision in estimating
the relative activity (f), the estimates might serve

partially as corrective factors and partially as warn-

ings against great inhibitory tendencies of certain
specimens.

Accordingly, each of 148 specimens yielded from
non-simultaneous tests with different treponeme
preparations at least two observed values of f for
d = 1; let f1 and f2 denote the first two of these for
a given specimen. Of course, if these f values tend
to reflect some characteristic of the specimen in
question, then the pairs of values (Af, f2) might be
expected to exhibit a positive correlation. The cor-

relation coefficient was calculated as approximately
0.3676, which would be regarded as highly signifi-
cantly greater than 0 statistically for 148 pairs of
observations, provided that the variatefis considered
to have the conventional normal distribution, but it
would be improper to assume this for the present
case. However, there is another way, free from such
objection, in which relation between the pairs of f
values may be indicated. Accordingly, the pairs
(fA, f2) may be considered in classes respectively
defined by stipulating intervals in which f1 is to lie

FIG. 3
EXPECTATION THAT IN TESTING AN UNDILUTED

SPECIMEN A GIVEN ABSCISSAL VALUE WILL NOT BE
EXCEEDED BY A SECOND RELATIVE SENSITIVITY
ESTIMATE (2) IF THE FIRST (fi) IS IN AN INDICATED

RANGE
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(e.g., 0.00-0.24, 0.25-0.49, 0.50-0.99, 1.00-1.99 and
2.00-3.99), and corresponding cumulative-probability
graphs for values off may be constructed as given
in Fig. 3, respectively using circles, ellipses, triangles,
squares and diamonds for the points corresponding
to observed values of f2 in non-decreasing order in
each of thefi classes. The fairly close approximation
between the graphs for f1 in the intervals 0.50-0.99
and 1.00-1.99 having the observation points
respectively indicated by triangles and squares sug-
gests that most of such deviations ofA from the
ideal value of unity, provided that 0.5 < f1 < 2, may
well be considered attributable to mere random
sampling errors rather than to any important in-
hibitory or activating influence of components of
the serum specimen in question. It may be noted
that in each of these two graphs about 10% of the
f2 values are < 0.50, and that, respectively, about 8%
and 12% of them exceed 2.00. Under the circum-
stances, we should not expect a singlefevaluation to
furnish a good estimate of the inhibitory influences
upon immobilizing antibody by the other constitu-
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ents of a serum specimen. However, it does appear
that a value off < 0.25 indicates such influence.
That this is statistically significant is indicated by

underestimates of probability P(M < M') that the
median (M) of the sampled universe having 0.00 <
f, . 0.24 is less than the median (Ml) of the respective
universes withf, in the intervals 0.25-0.49, 0.50-0.99,
1.00-1.99 and 2.00-3.99, respectively. These under-
estimates are found 1 in accordance with previously
developed relations (Thompson, 1936) to be, res-
pectively, P(M < M) > 0.9797, > 0.9921, > 0.9876
and > 0.9611 in the four cases.
During the course of our experiments we had

arbitrarily rejected all potency estimates (p) that
were based upon tests having f < 0.50; in view of
the results in Fig. 3 this seems to have been a safe
course. In Fig. 1 and 2 the further restriction was
made to have 0.50 < f < 2.00, although there is no
convincing evidence that f > 2.00 indicates an acti-
vation of immobilizing antibody.

Fig. 3 deals with a total of 148 pairs of estimates
(1f, f), each for a different serum specimen used un-
diluted (d = 1), including all for which there were
two such tests, and using only the first two f values
so obtained (fi, f2). There were only four of these
specimens for whichf1 andf2 were each < 0.5; these
specimens (No. 7, 160, 258 and 288) were studied
further with serum dilution d > 1 in many cases to
see whether f. 0.5 could be obtained. The results,
including the first two, were as follows:

Specimen 7:

d= 1 1 4 1 4
f = 0.43 0.19 0.74 0.51 0.72

Specimen 160:

d= 1 1 4 4 8 16
f= 0.04 0.02 0.37 0.58 0.87 1.10

Specimen 258:
d= 1 1 4 1 4 4 8 16
f = 0.19 0.00 0.65 0.00 0.04 0.00 0.29 0.32
8 16 32 64 8 16 32 64 128

0.26 0.37 0.61 0.77 0.40 0.28 0.53 0.67 1.31

Specimen 288:

d= 1 1 2 4 8 16 32
f = 0.00 0.21 0.12 0.36 0.32 0.50 0.72
4 8 16 32 64

1.06 1.18 1.35 1.46 1.32

1 See footnote 1 on page 707.

The underlined tests were made in the same test run
with the same reagents and treponeme suspension.
The last five tests with No. 258 and No. 288 were
all made in the same test run and used fresh portions
of the specimen, not previously used in these tests.
Three other specimens (No. 128, 183 and 362)

gave more than one test with f < 0.5; results of all
tests with these specimens are shown in like manner:
Specimen 128:
d= I 1 1 1 2
f = 0.65 0.99 0.41 0.36 1.13

Specimen 183:
d= 1 1 1 4 2 4
f= 0.76 0.30 0.36 1.64 0.77 0.90

Specimen 362:
d= 1 1 4 1 2 1 2 4
f= 0.28 0.53 1.29 0.44 0.43 0.56 1.13 1.11

1 2 4
0.77 1.32 1.49

All these results are in agreement with the
indications from the data of Fig. 3 and the corre-
sponding underestimates of P(M < M') that a value
off < 0.25 is likely to be a result of strong inhibition
of immobilizing antibodies by other constituents of
the serum specimen in question.
The data upon which Fig. 3 is based consist of

148 pairs of f estimates (fJ, f2), each pair for a
different serum specimen used undiluted (d = 1);
these furnish a set ofmean values x = f= (fi + f)/2
that will be denoted by {Xk} for k = 1, ... n = 148
with the enumeration in order of non-decreasing
magnitude; i.e., xi . x} for 1 < i < j < n. This
gives the basis of the cumulative probability graph
in Fig. 4 with successive points (Xk, k/149) joined
to guide the eye and aid interpolation. The ordinate
Pk = k/(n+ 1) is the unbiased estimate of the relative
frequency with which we should encounter a value
off < Xk in future trials under like circumstances,
assuming that there is no limit to the number of
such observations that might be made, so we may
consider the n observations that we have to be a
random sample from an infinite universe U of such
observations. Let M denote the unknown median
of the universe U, then Thompson (1936) and
Savur (1937) have shown independently that an
unbiased estimate of the probability that M > Xk,
of the given sample, is 1

P(M > Xk) = E (n1/2)n (24
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Since n = 148 in the present case, these values may
be obtained to seven decimal places from the tables
of Simon & Grubbs (1952), which cover n = 1, ...
150. However, we should note that in the theo-
retical development it is assumed that the variate x
has a zero probability of being exactly equal to any
particular value c that is prescribed in advance of
the sampling, and that any sample of n elements
x from U such as {Xk} wil have no two values equal.
In practice we consider that this may be true of an
underlying variate x, but our recorded sample
values {Xk} are only approximations obtained by a
rounding-off process or by reading an instrument to
the nearest tenth of the smallest scale division, etc.,
so the recorded values may include some instances
oftwo values or more that are the same. Accordingly,
we have, approximately, P(M > x58) 0.9967602
and P(M > x,) 0.0032398 = 1-0.9967602, so
that P(x58 < M < x91) 0.9935204 = P(0.81
< M < 0.97), since X53 0.81 and x9L 0.97.
This yields a central confidence interval (0.81-0.97)

FIG. 4
EXPECTATION THAT THE MEAN OF TWO f ESTIMATES
WILL NOT EXCEED A GIVEN ABSCISSAL VALUE IN

TESTING AN UNDILUTED SPECIMEN
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THAT J WILL NOT EXCEED A GIVEN
ABSCISSAL VALUE
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with a probability the same that M < x58 as that
M > x1L, both being approximately 0.00324, and
less than 0.01 that M should be outside the interval.
In like manner we have the probability thatM > 1.00
approximately given as P(M > x98) 0.0000491,
since x98 1.00 > X97. These results indicate that
most serum specimens contain material that tends
somewhat to inhibit the activity of immobilizing
antibody.

Variability in sensitivity, intrinsic antibody and slope
coefficients (J, w', h)

There were 28 independent experiments in which
the sensitivity coefficient (J), the apparent immobi-
lizing antibody content (w') and the slope coefficient
(h) were estimated as described above; no two of
these experiments were run simultaneously and each
of them used a different treponeme preparation.
The resultant cumulative-probability graphs for J,
w' and h are given respectively in Fig. 5, Fig. 6 and

-.0 Fig. 7.
3.0 A remarkable variability in sensitivity is evident.

Apparently, under the conditions of these experi-
ments, about 10% of the values of J - 10-3 may be

or . . , . ,,, .
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FIG. 6
EXPECTATION THAT w' WILL NOT EXCEED A

GIVEN ABSCISSAL VALUE
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INTRINSIC ANTIBODY lU'

sions in each case, including the first of each of the
six pairs with the single estimates for each of the
other 22 test runs. The variance for the differences
between pairs was about 0.003659 whereas that for
individual estimates with different suspensions each
time was about 0.01257. For the variance ratio test
twice the latter divided by the variance of the
differences was about 6.87, which in the conventional
normal theory with 27 and 6 respective degrees of
freedom yields a value of P < 0.05, indicating
statistically significantly greater variation when
different treponeme suspensions are used than when
duplicate simultaneous tests are made in pairs with
the same suspension. It had been intended to
continue making such pairs of tests in the further
test runs, but this was sacrificed in order to use the
second test run in a separate jar as a pilot to indicate
more satisfactorily a proper time for making the
other readings, as mentioned earlier in the text.
The table gives the outline of the analysis of

variance for h and also that for log J correspondingly
estimated in the six pairs of test runs with a variance
ratio of about 6.76 for the same numbers of degrees
of freedom and a like conclusion as to significance.
Like estimates of w' were also obtained, but addi-

EXPECTATION
FIG. 7

THAT h WILL NOT EXCEED A GIVEN
ABSCISSAL VALUE

expected to be less than 4.5 and about 10% of them
to exceed 15. This emphasizes the importance of
quantitative comparisons based upon simultaneous
tests with a reference standard preparation such as
WHO2W or a carefully prepared replica, such as
ALB1, described in our 1959 publication.

Fig. 6 indicates the variability to be expected in
the amount (w') of intrinsic immobilizing antibody
apparently present in the treponeme-complement
mixtures. It may be noted that, in the use of either
formula (18) or (19)-the latter if we act as iff = 1,
to estimate the specimen potency p-we should
induce an error of 20 w' in estimation of p with
undiluted serum if we neglect w'.
The variability in h when different treponeme

suspensions are used is indicated in like manner in
Fig. 7. However, it was noted that there was much
less variability between estimates of h made from
simultaneous tests made in pairs with the same
suspension. The accompanying table shows the
results of six such pairs of estimates of h in contrast
with those of the 28 test runs with different suspen-
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VARIABILITY IN SENSITIVITY, BLANK AND SLOPE COEFFICIENTS

Exp. J, J2 log Ji tog J2 Diff. W 'I W'2 Diff. hi h2 Diff.

64 3 792 3.5789 0.0060 0.395
65 25 399 4.4048 0.0559 0.418
66 11 917 4.0762 0.0404 0.274
67 9 744 3.9887 0.0000 0.368
68 9 595 3.9820 0.0000 0.444
69 13 954 4.1447 0.0215 0.384
70 23 166 4.3649 0.0451 0.430

71 9 745 7 786 3.9888 3.8913 + 0.0975 0.0095 0.0292 - 0.0197 0.708 0.788 -0.080
73 8 819 15 598 3.9454 4.1931 - 0.2477 0.0192 0.0948 - 0.0756 0.469 0.409 + 0.060
74 6 737 5 337 3.8285 3.7273 + 0.1012 0.0177 0.0000 + 0.0177 0.367 0.433 - 0.066
75 7 206 6 372 3.8577 3.8043 + 0.0534 0.0091 0.0000 + 0.0091 0.414 0.442 - 0.028
76 15 827 16 612 4.1994 4.2204 - 0.0210 0.0361 0.0946 - 0.0585 0.492 0.414 + 0.078
78 9 359 10 046 3.9712 4.0020 - 0.0308 0.0084 0.0182 - 0.0098 0.578 0.605 -0.027

79 11 904 4.0757 0.0451 0.0318 + 0.0133 0.349
80 12 994 4.1137 0.0599 0.0321 + 0.0278 0.364
81 11 008 4.0417 0.0278 0.0232 + 0.0046 0.360
82 15 024 4.1768 0.0249 0.0000 + O.C249 0.380
83 4 798 3.6811 0.0000 0.0081 0.0081 0.657

84 14 557 4.1631 0.0000 0.0000 0.0000 0.758
85 4 238 3.6272 0.0102 0.0193 - 0.0091 0.429
86 4 880 3.6884 0.0099 0.0000 + 0.0099 0.502
87 5 474 3.7383 0.0226 0.0000 + 0.0226 0.448
88 7 251 3.8604 0.0281 0.0000 + 0.0281 0.391

89 6257 3.7964 0.0000 0.0000 0.0000 0.568
90 4 231 3.6264 0.0118 0.470
91 8 877 3.9483 0.0280 0.393
92 5 453 3.7366 0.0000 0.409
93 12 267 4.0887 0.0147 0.529

X = {X=log J X=w' X= h

X 110.6940 0.5519 12.748
_ X12 438.91184806 0.01917461 6.143434

N-E X12 - (_r X,)2 36.37010968 0.23229547 9.504648
a2 0.0481086 0.000307269 0.0125723

E(Xi - X2)2 0.08534418 0.01315554 0.021953
a2 0.0142240 0.000773855 0.00365883Xi -X2

2 aX2 IaXj - 6.7644 0.79413 6.8723
Degrees of freedom 27 and 6 27 and 17 27 and 6

p < 0.05 > 0.2 < 0.05

aX a 0.084333 0.019670 0.042772

Degrees of freedori 6 17 6

In the formula above, N = 28; N-1 = degrees of freedom in estimation of axj.
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tional second estimates were made in the eleven
tests following the six with simultaneous pairs by
use of information from the pilot test runs, though
these were not considered suitable for likewise
estimating h and log J, since they were maintained
in jars separate from the other tests so as to facilitate
pilot observations from time to time without
disturbing the incubation of the other test material.
There is no evidence of greater variability in w'
estimates when different suspensions of treponemes
are used instead ofthe same suspension. However, the
w' values may properly be regarded simply as blank
corrections ascommonly used in quantitative chemical
determinations. Fig. 6 indicates that the w' estimates
are not entirely attributable to residual errors.

Immobilizing potency ranges for specimens in the
crude qualitative classes
There were a total of 161 serum specimens that

had previously been classified upon the crude
qualitative basis as non-reacting (N), positively
reacting (P) or doubtful (U). Three of these speci-
mens (No. 160, 258 and 288, respectively classed
as N, U and N) yielded no acceptable quantitative
estimate of potency (p); the apparently strong
inhibitory influence of these specimens upon definite
added amounts of immobilizing antibody has been
discussed above. Of the remaining 158 specimens,
there were 141, 7 and 10 respectively classed as N,
U and P. Each of these yielded one or more accept-
able estimates p of immobilizing potency; the
median (p) of these estimates for a given specimen
was taken as its average potency estimate. As
already stipulated, no potency estimate p was
considered acceptable if a companion f estimate
was < 0.5. However, if there was no companion f
estimate for a test with a serum dilution factor
d > 3. 16, and no collateral evidence indicating
that f would have been < 0.5 if it had been de-
termined, then p was estimated by relation (19) as if
f = 1. All p estimates with d = 1 andf > 0.5 were
considered acceptable, but otherwise no estimates
for a given d were so considered, unless the average
p so obtained was > d/3. This restriction was
adopted in order to prevent an undue influence of
estimates from tests with serum so greatly diluted
as to vitiate their usefulness, except as an aid to
promptly finding a range of d values suitable for
acceptable estimation of p.1

1 A fuller and more explicit account of the system used
for estimation of is given in a single-page note (coded
N083 162), which is available on request to the second
author (W.R.T.).

All the 158 specimens had an average potency
estimate p based upon more than one individual p
estimate except for 23, 1 and 3 specimens respectively
among the 141 in class N, 7 in class U and 10 in
class P. Failure to obtain more than one acceptable p
estimate in these few cases resulted from exhaustion
either of the specimen or of the time available for
these experiments, which terminated early in Septem-
ber 1958.2
The median potency estimates (p) for the 141, 7

and 10 specimens that had previously been classified
on the crude qualitative basis as N, U and P, res-
pectively, are represented in Fig. 8 in three graphs
with points in circles, triangles and squares, the
graphs having the form of cumulative-probability
representations as used in the other figures. How-
ever, no claim is made that these constitute an
appropriate representation of results of a random
sampling of stipulated universes of serum specimens
with regard to the crude qualitative classifications.
The graph plane is shattered vertically between values
of about 3.5 and 5 for the abscissa p, and an arith-
metic scale is used for values less than 3.5, whereas
a geometric scale is used for values greater than 5.
This was designed to permit ready plotting of values
ofr the P class, which lie between 6.3 and 676 in
comparison with values for the N and U classes
which lie below 3.5. As may be seen from the graphs,
all but one of the 141 N values ofp are < 1; likewise
all but two of the seven U values of p- are < 1, the
other two being 1.42 and 3.49. So, if we adopted the
suggestion made earlier in the text-that reclassifi-
cation be made on a quantitative basis as N ifp < 1,
P ifp . 3, and U otherwise (1 < p < 3)-then all but
two of the 158 specimens would have been definitely
classed as either N or P. The two that would so be
classed as U, requiring further investigation for a
definite decision, had respective values of p = 1.03
and p-1.42, which were respectively the averages
of two p values each, 1.47 and 0.59 in the first case
and 2.10 and 0.74 in the second.
Though the data used in Fig. 8 include a few cases

(27 out of 158) in which pj was estimated from a
single p estimate, only one of these was from the
crude U classification and gave p = 0.28, and only
three were from the P class and these gave p 9.0,

'A five-page table (coded T083162) gives complete
information as to values of p, f, d and experiment number
for all results, whether considered admissible or not, as
obtained for each specimen so tested, together with the crude
N-U-P classification, if it had been made previously, and the
average potency estimate p, if obtained. This table is available
on request to the second author (W.R.T.).
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FIG. 8
EXPECTATION THAT THE MEDIAN POTENCY ESTIMATE (p) WILL NOT EXCEED A GIVEN

ABSCISSAL VALUE FOR SPECIMENS CRUDELY CLASSED AS N, U OR P
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20 and 61, respectively, whereas all the 23 N speci-
mens with single p estimates gave p values < 1, of
course. So, we should not have obtained graphs
greatly different from those of Fig. 8 if we had
restricted attention to specimens for each of which
there were at least two admissible individual p
estimates.

In one respect there was a highly selective influence
in that a special effort was made to get results with
all available specimens that had previously been
classed crudely as N or U, and to obtain at least two
acceptable p estimates on each so far as practicable.
This was in accord with the primary purpose of the
present study of serum specimens that had little or
no potential immobilizing activity, but the study was
restricted to specimens that had been submitted for
TPI test.

DISCUSSION

The picture in Fig. 8 strongly suggests that indivi-
duals may acquire treponeme-immobilizing antibody

either by an active stimulation from treponemes or
by a passive process, perhaps a prenatal transfer from
the mother that usually develops potencies less than
unity, whereas the active stimulation usually develops
potencies that exceed 3. Potencies are expressed
relative to that of the TPI control serum in whole-
serum form (WHO2W) as 100, or a secondary
reference standard such as the replica ALBI made
to be virtually equivalent, as previously described
(Portella & Thompson, 1959) in a report of various
comparisons in which the potency of a third
control serum (WHO3) was indicated to be about
73% of that of WH02W. The great variability of
the sensitivity coefficient J (Fig. 5) with different
treponeme preparations emphasizes the need for
comparison of potencies of specimens with such a
reference standard potency.

Preliminary incubation of the treponeme sus-
pension in bulk was used as previously (1959) to
enhance its sensitivity incidentally, but primarily to
promote agreement between the form of reactions

9
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and the relation (3) by providing ample opportunity
for the treponemes to adjust to the conditions under
which reactions were to take place. Merely to make
them more sensitive in this way or otherwise, as by
use of greater complement concentrations in the
reaction mixtures, may facilitate detection and esti-
mation of low potencies of immobilizing activity, but
may provide little aid in distinguishing between two
classes of serum specimens characterized as having
immobilizing potencies respectively less than 1% and
more than 3% of the reference standard potency.
It should be noted that we have found no evidence
of decrease in treponeme sensitivity to immobilizing
activity with increase of the elapsed time (t) of reac-
tion; on the contrary their sensitivity appears to
increase approximately in proportion to t so that the
sensitivity of a test may be considered roughly
quadrupled if the time of reaction is doubled, etc.,
since r is approximately 2 in relation (3). So there
is not the slightest indication of need for any further
additions of complement than that made at the start
of the reaction.

It is possible, of course, that passively and actively
acquired antibody may be qualitatively different,
and each may differ from whatever is responsible for
the apparent blank immobilizing activity indicated
by values of w'. If qualitative differences exist be-
tween such antibodies, then it may be possible to
increase or to decrease the activity of one of these
substances relative to that of the others with advan-
tage in distinguishing between these types of activity
and in their estimation.
The present use of an internal standard by com-

parison of tests with and without definite amounts of
immobilizing antibody added point to a danger of
serious inhibitory influences that other serum
constituents may exert upon immobilizing activity.
Perhaps this would not be severe if only fresh speci-
mens were used, but that remains to be investigated.
The present experiments were not aimed at precise
estimation of potential inhibitory activity, but at its
detection so as not to be misled. Serum specimens
that have such inhibitory properties cannot be shown
either to have or not to have important immobilizing
antibody concentrations. However, another speci-
men from the same donor may have little or no
inhibitory potency of this sort. Thus, specimen 258
had abortive inhibitory potential, but a later speci-
men (No. 440) from the same person showed much
less inhibitory activity and a third specimen (No. 448)
also, though this was used in only one test; the
respective p estimates were 1.06 and 0.60. Likewise,

specimen 288 was strongly inhibitory, but a later
specimen (No. 435) from the same donor showed no
evidence of this and yielded a p = 0. We were
unable to obtain and test any further specimens from
the donor of No. 160. These three specimens (160,
258 and 288), as noted above, constituted the only
cases where no p estimate was obtained, though each
was tested repeatedly.
The data of Fig. 8 were used to construct a class-

frequency diagram (Fig. 9) with major intervals in
a geometric progression, 0, 0.25, 0.5, etc., but with
each such interval divided in the middle so as to
represent its lower and upper halves; i.e., 0, 0.125,
0.25, 0.375, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 8, etc. On
these equal-length bases bars are erected with areas
proportional to the number of specimens that
yielded p values in the indicated interval, but with
portions respectively shaded, white and black to
represent specifically the specimens that had pre-
viously been rated as N, U and P on the crude
qualitative basis, essentially in accordance with the
criteria of Nelson & Diesendruck (1951), as non-
reacting, doubtful and reacting, respectively. This
familiar bar-diagram form readily indicates the
comparative findings, though not as precisely as
does Fig. 8.
Only one of the 141 N specimens had a value of

p exceeding unity, actually only 1.03. The patient
(No. 198) was unwilling to allow her physician to
obtain further specimens in accordance with our
request. She was a married woman of 30 with two
children (11 and 9 years old); she had had no
abortions; and neither she nor her husband had any
history of syphilis. The husband had a negative
" Wassermann ". The only reason for tests was that
the woman was a food-handler. Two complement-
fixation tests had given titres of 8 and 10, and
another was atypical. Precipitation tests were nega-
tive. There was no history of illness known to be
associated with biological false-positive reactions.
The other five N-specimens that yielded p values

nearest to unity were No. 135, 238, 218, 9 and 115
with respective p values of 0.97, 0.91, 0.89, 0.74
and 0.73. No. 238, 218 and 115 had histories of
conditions that are associated with biological false-
positive reactions, respectively scleroderma, recent
immunization and arthritis. No. 135 and 9 had had
positive precipitation and complement-fixation tests
with previous specimens submitted to other labora-
tories. New York State complement-fixation tests
gave negative results on the specimens submitted
for TPI tests, but in both cases the microprecipitation
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FIG. 9
CLASS-FREQUENCY DIAGRAM OF p VALUES OBTAINED FOR SPECIMENS
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tests were positive. Histories of both these patients
were not indicative of any clinical condition.
None of the donors of the N specimens had

clinical evidence or history of syphilis; indeed, these
specimens were submitted because complement-
fixation or precipitation tests (Wadsworth, 1947,
pp. 361465) were suspected of having yielded false-
positive results in their cases. All specimens in this
study had been submitted with a hope of ascertaining
whether or not this was so in the respective cases.
On the crude qualitative basis 10 of these specimens
had been rated as P; upon subsequent quantitative
testing these all gave values ofp exceeding 6, as may
be noted in Fig. 9, in sharp contrast with those that
had been rated as N qualitatively. The 10 P speci-
mens each represented a different donor; upon

further investigation, their records indicated that
their cases should have been classified either as

latent syphilis or as symptomatic or asymptomatic
neurosyphilis.
Of the remaining seven specimens, which had been

classed on the crude basis as U, the doubt appears

resolved in favour of a non-reacting rating in all but
two. The five specimens came from only three
donors, and respectively yielded p values: (1) 0.30,
(2) 0.28 and 0.30, and (3) 0.58 and 0.94. Further
clinical information about the first is lacking; the
second had haemolytic anaemia; and the third was

pregnant. The latter two conditions are known to
be frequently associated with biological false-positive
syphilis serology. Of the remaining two U specimens,
one gave p = 3.49 and so would be classed as

reacting, since this is not less than 3, in accordance
with the criteria suggested above. Unfortunately,
no follow-up was possible, since the patient died
one month after submission of the specimen; how-
ever, the record showed that syphilis had been
suspected in this case.

So classifying specimens as reacting significantly
or insignificantly according as p 3 or < 1, there
is only one of the seven U specimens remaining in a

doubtful category (1 < p < 3); this had p = 1.42.
The patient, a 59-year-old male, had previously been
diagnosed as having soft chancre, and had been
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treated for this so that a diagnosis of clinical syphilis
could have been missed. He subsequently developed
a positive syphilis serology and was treated with
large doses of penicillin on the presumption that he
had latent syphilis. This was what had prompted
the TPI study; unfortunately, further specimens
from this patient could not be obtained.
One other quantitative finding appears note-

worthy here. A pregnant woman of 27, in whom
positive syphilis serology had been found since the
age of 10, had a specimen submitted for TPI study
prior to development of the present quantitative
conditions of test. This was strongly reactive,
roughly estimated as equivalent to ap, value exceeding
8. After delivery of a female baby, another specimen
from the mother appeared also strongly reactive,
roughly estimated as 4. A specimen from the baby
seven weeks after birth was rated as doubtful, but
none was left for the quantitative test. Seven
months later a second specimen from the baby was
so tested and gave a value ofp = 0. 16. This suggests

that there was considerable passive transfer of
immobilizing antibody through the placental barrier,
but that the antibody was subsequently mostly
dissipated. The infant showed no evidence of con-
genital syphilis; the mother had been treated pro-
phylactically for syphilis during pregnancy. Failure
to develop a high TPI titre in the infant is in agree-
ment with the clinical findings.
According to all the evidence it seems that, if a

patient has had syphilis, there should be a persistent
TPI titre of 3 or more; there seems no reason to
suspect syphilis if it does not exceed unity; and
titres between 1 and 3 may be regarded as indicating
need for further investigation.'

1 A five-page table (coded T083162) available on request
to the second author (W.R.T.), includes an account of
p, f and d values for all tests made with the system here
described and human specimens. Experimental investigations
with rabbits inoculated with treponemes were conducted
concurrently: these will be reported in a subsequent article.
However, it may be noted that the results are essentially in
agreement with the conclusions of the present study.

RISUMt

Les auteurs rappellent les methodes qu'ils ont mises
au point pour determiner, A l'aide du test d'immobilisa-
tion des treponemes de Nelson (TIT), F'activite de serums
fortement positifs. Des modifications doivent y etre
apportees lorsque l'on cherche 'a 6valuer, avec une
garantie d'exactitude suffisante, la reactivite de serums
faiblement positifs, de fagon A neutraliser une reactivite
intrinseque manifeste ainsi que l'effet inhibiteur eventuel
d'autres constituants du serum lors de l'emploi des
concentrations seriques elevees necessaires a la mise en
evidence des immobilisines. La sensibilite absolue ou
intrinseque et la sensibilite relative en presence d'une
quantite donnee du serum A eprouver sont mesurees

separ6ment. Pour la mesure de I'activite relative, l'eta-
lonnage se fait en ajoutant au milieu une quantit6 definie
et suffisante d'un serum de reference. Dans la presente
etude, les auteurs ont notamment cherche ia determiner
queUe valeur de l'activite p ne serait pas depassee, ou
rarement, lors de l'examen de serums consideres ante-
rieurement comme <negatifs* sur une base uniquement
qualitative. I1 semble que pour ces serums, la valeur de p
doive etre de 1 au maximum. Les serums classes primiti-
vement comme # positifs # ont presque toujours une valeur
de p superieure a 3. Lorsque la valeur de p se situe entre
1 et 3, il est indispensable de poursuivre l'etude du s6rum
en cause, de pref6rence au moyen d'echantillons recents.
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