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that if the strength of the complement fixation test
remains at a higher level than it was before the adminis-
tration of the vaccine, this must be due to the absorp-
tion of toxin of the causative organisms of the disease.
Therefore, if vaccine has been given during the course
of the disease, any subsequent positive serum reaction
is not of necessity due to the vaccine.

VULVO-VAGINITIS OF CHILDREN

At present I have had little opportunity of testing the
value of this new technique in cases of gonococcal vulvo-
vaginitis of children ; I am able to survey the results on
only 35 patients. Of these 18 were diagnosed clinically
as suffering from a non-gonococcal vulvo-vaginitis, and
in spite of repeated tests by smears and cultures, this
diagnosis was confirmed as gonococci were never demon-
strated. In these cases the serum tests remained nega-
tive throughout the course of the illness. Three cases
in which the gonococcus was isolated were tested once
only during the first week of the infection; these
gave negative serum results. The remaining 14 cases
had positive reactions and exhibited gonococci in the
secretions. From these results and taking into con-
sideration a somewhat larger series of cases tested by
the old technique, it would appear that results similar to
those obtained in the adult are to be expected in children.

CROSS-FIXATION

The question of cross-fixation with the antibodies of
allied organisms such as the micrococcus catarrhalis, the
meningococcus and the micrococcus flavus (particularly
type 2) is sometimes raised. It undoubtedly becomes of
importance when a patient’s serum gives a positive com-
plement fixation test for gonorrhcea in the absence of
clinical or other pathological evidence in support of this
disease, whilst definite or indefinite catarrhal symptoms
of the nose and throat may be present. The possibility
of this phenomenon has often been discussed, but usually
with inconclusive results. As long ago as 1912, Ark-
wright,2 after many experiments, concluded that cross-
fixation with antibodies of the meningococcus might
occur when some strains of gonococci were used as an
antigen. Oliver 3 (using Thomson’s antigen and tech-
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nique) came to the conclusion that in rabbits under
experimental conditions, a considerable degree of cross-
fixation between the antiserum of m. catarrhalis and
gonococcal antigen may occur. Using my old technique,
I 4 found only two cases among 7,000 in which the possi-
bility of cross-fixation by the antibodies of m. catarrhalis
could not be excluded, and I suggested a method of
determining such cases by means of monthly parallel
quantitative tests using gonococcal and catarrhalis
antigens. Mascall,® in 1931, reported a case of a child in
which, as the result of bacteriological and serological
investigations, he came to the conclusion that the patient
(who had a persistently positive gonococcal fixation test,
in the absence of any clinical or other pathologlcal
evidence of gonococcal infection) was suffering from a
flavus (type 1) infection of the nose and throat, and that
the positive gonococcal fixation test was due to cross-
fixation with the antibodies of m. flavus (type 1).

Therefore when this new method of performing the
gonococcal fixation test was evolved, it became important
to ascertain whether such cross-fixation did occur when
using the new antigen, and if so, to what extent. I have
been able to collect a few clinical cases and some evidence
which is mainly experimental, but some years must
elapse before sufficient knowledge can be obtained by
which the significance of this phenomenon can be accur-
ately estimated from the clinical point of view.

EXPERIMENTAL WORK

Antigens of the gonococcus, m. catarrhalis, the menin-
gococcus and m. flavus were treated separately against
the antiserums respectively. The antisera were obtained
by injecting rabbits and guinea pigs with the respective
organisms. The antigens of the meningococcus and m.
flavus were prepared in a similar manner to the new
standard preparation of gonococcal antigen. The antigen
of the micrococcus catarrhalis was made in a similar
manner except that antiformin was used as a solvent for
the organism instead of N/NaOH as in the case of the
gonococcus. All the experiments were performed in an
identical manner, but for the sake of clearness one of
these will be described in detail.

Serial dilutions of gonococcal antigen ranging from
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1-10 to 1-80 were mixed with equal volumes of gono-
coccal, catarrhalis, meningococcal and flavus antisera,
and to each mixture an equal volume of 3 m.h.d. comple-
ment was added. After incubation at 37-5° C. for one
hour, an equal volume of sensitised red cells was added ;
and then, after a further thirty minutes’ incubation at the
same temperature, the amount of complement fixation
obtained by each mixture was noted. The results can be
diagramatically represented :—

Gonococcal antiserum

o000 e
Catarrhal » ® 0 s O 0|0
Meningococcal ,, ® e 0000
Flavus » = O O O O O
Normal serum =M@ o0 OO0

Gonococcal antigen dilutions 1/10 1/20 1/40 1/60 1/80

Key :— (O Complete hamolysis.
& Partial hemolysis.
‘ No hamolysis.

FiG. 3.

The above diagram shows that complete fixation is
obtained by gonococcal antiserum even when gonococcal
antigen is used in a dilution of 1/80 (actually theend-
point was determined at a dilution of 1/130), whilst with
a catarrhalis antiserum complete fixation occurred when
the gonococcal antigen was diluted to approximately 1/30.
The meningococcal antiserum gave complete fixation
when the gonococcal antigen was diluted approximately
to 1/15; whilst, if the latter were used at a strength of
1/10 only, incomplete fixation was given by the flavus
antiserum. No fixation occurred with a normal serum at
antigen dilution of approximately 1/15, whilst the serum
controls proved to be free from anti-complementary
action. It should be noted that both the flavus and
meningococcal antisera and antigens employed were of a
polyvalent type.
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Since the titre of such a gonococcal antigen would be
taken as 1 in 30 (¢.e., half that amount of antigen which
just failed to fix 3m.h.d. of complement in the presence of
a normal serum), it was concluded that in routine tests
the possibility of cross-fixation with antibodies of the
meningococcus or m. flavus could be ignored. It is
evident, however, that a weak degree of cross-fixation
with the antibodies of m. catarrhalis does occur under
experimental conditions. In fact, when such an anti-
serum as that used in the above experiment is tested by
the standard gonococcal complement fixation test, a
weakly positive (4) reaction is recorded. But it would
require a very heavy infection with m. catarrhalis for the
serum of a patient to give such a reaction (4), and in
view of the symptoms that such an infection would
occasion, it seems doubtful if the test would place the
diagnosis in jeopardy.

Further experiments on similar lines were conducted
by titrating serial dilutions of catarrhalis, meningococcal
and flavus antigens against gonococcal, catarrhalis,
meningococcal and flavus antisera respectively.

The end points of these titrations are shown in the
table below :—

Complete fixation given by the highest dilution antigen used.

Antisera.

Gonococcal Catarrhalis Meningococcal Flavus
titre 1/30. titre 1/35. titre 1/25. titre 1/20.
Gonococcal . 1/130 1/30 1/20 Incomplete at
1/10
Meningococcal 1/15 Incomplete at 1/60 Incomplete at
1/10 1/10
Catarrhalis . 1/30 1/70 1/10 1/10
Flavus . 1/10 Incomplete at 1/10 1/50
1/10
Normal serum | Incomplete at | Incomplete at | Incomplete at | Incomplete at

1/10

1/10

1/10

1/10

These experiments show that if the antigens are used
at their respective titres as previously determined (see
top of the table) the only possibility of a cross-fixation
reaction occurring during the performance of the com-
plement fixation test for gonorrhcea would be when a
very strong catarrhalis antiserum was tested. In actual
practice and in spite of repeated investigations, I have
yet to meet a case in which the occurrence of a positive
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gonococcal fixation test as performed by this new tech-
nique has been traced to a catarrhalis infection.

CLINICAL EVIDENCE

The evidence which I have been able to collect clinically
is meagre but instructive. Two types of cases are
represented. ‘

(i.) Catarrhalis Infection.—A female child (aged nine
months) had suffered from snuffles since birth, and as the
mother had been treated for gonorrhcea one year pre-
viously, it was thought that the child’s complaint might
be due to a nasal gonococcal infection. Gram-negative
diplococci were found in the nasal discharge. Morpho-
logically and culturally these were identical with micro-
coccus catarrhalis. In the meantime the child’s serum
which had been tested by the complement deviation
reaction recorded a negative result with a gonococcal
antigen, and a strongly positive (+ +) result with a
catarrhalis antigen. Thus the causal organism was
demonstrated serologically with the complete absence of
any cross-fixation.

(ii.) Meningococcal Infection.—Through the courtesy of
Dr. Coyle, of St. Peter’s Hospital, who supplied me with
specimens, I was able to examine the blood and cerebro-
spinal fluid from six children who were suffering from
cerebro-spinal meningitis. In each case the duration of
the disease was a week or more and they had all been
treated with antimeningococcal serum. The blood sera
of all six cases were negative when tested by the comple-
ment fixation test for gonorrhoea. The same test when
applied to the cerebro-spinal fluids gave five negative
results, whilst the sixth had a weakly positive (1)
reaction. Unfortunately, at this time a meningococcal
antigen was not available, and so I was unable to test
these specimens by a meningococcal complement fixation
reaction. This would have afforded an interesting com-
parison, but even so, it would appear from the results
obtained that cross-fixation with antibodies of the
meningococcus during a meningococcal infection is very
unlikely to occur.

CONCLUSIONS

By using the new technique and the new antigen for the
performance of the complement fixation test for gonor-
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rheea, the probability of cross-fixation reactions occurring
with the antibodies of other gram-negative cocci is
excluded, with the possible exception of the micrococcus
catarrhalis. That such a cross-fixation reaction with the
antibodies of m. catarrhalis should occur is so rare that,
coupled with the weakness of this reaction, it is very
doubtful if the result of such a test would confuse the
diagnosis. Should any doubt arise, it can be dealt with
by performing parallel complement fixation tests using
gonococcal and m. catarrhalis antigens and comparing
the relative strengths of their reactions.

INTERPRETATION OF RESULTS

The interpretation of results must be correlated with
the clinical history and the condition of the patient if a
reliable opinion is to be given on the result of a serum
test. It is desirable to have some idea of the “ sero-
logical course "’ of the disease. Whilst it is obvious that
the responsibility for the necessity of a complement
fixation test at any given time during the course of the
dieases must rest with the clinician, if full advantage is
to be taken of the reaction it is advisable to have an
orderly sequence of serum tests. The following scheme
is suggested for use in venereal clinics: The patient’s
serum should be tested on the first appearance at the
clinic. Whether the result of this be negative or positive,
it should be repeated a month later, and thereafter at
two monthly intervals until such time as clinically a test
of cure is indicated. Further tests depend on all the
evidence available : clinical, pathological and serological.
In this way a curve of the serum reactions may be plotted
which gives a graphic picture of the serological course of
the disease and indicates to a large extent the effect of
the treatment adopted.

The notation used is as follows :—

+ + very strongly positive
+ 4 strongly positive
positive

weakly positive
negative

A strongly positive result (++ or + +) is definite
evidence that the patient is suffering from gonorrhcea
and must be regarded as infectious. In the male, it may
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be taken that a posterior urethritis and its possible com-
plications, and in the female that the cervical canal and
higher adnexa, are involved. Such a result indicates that
the infection is active and that toxic products are being
absorbed into the blood stream in relatively large quanti-
ties. Acute gonococcal complications are usually accom-
panied by a strongly positive serum test.

A positive reaction (+) is definite evidence that the
patient is suffering from gonorrheea ; this may occur in
the early or in the chronic stage of the disease. It is
usually an indication that the posterior urethra in the
male, or the upper part of the cervical canal in the
female, is infected ; but such a reaction may result from
gonococcal Bartholinitis in the female, or Cowperitis in
the male.

A weakly positive reaction (4) is obtained in the
following circumstances :—

(i.) An early case, i.e., one to three weeks after
exposure to infection. In the absence of any other
confirmatory evidence the reaction should be repeated.
A diagnosis should not be made on the result of a single
serum test of this type. If the repeated test records
a similar result, it can be taken that the patient is
suffering from gonorrhcea.

(ii.) Sub-acute cases in which the infection is limited
to the anterior urethra.

(iii.) Old standing cases in which, owing to effective
treatment, the case is approaching final cure.

A megative reaction (—) obtained when gonococci are
exhibited in the secretions should be regarded as :—

(i.) An early acute infection of less than twenty-one
days’ duration.

(ii.) An infection, limited in the male to the anterior
urethra, or in the female to the lower genitalia.

(iii.) An infection of the seminal vesicles or prostate,
which has been treated by massage so that drainage has
been established and the absorption of toxic material
stopped. It should be clearly understood that a single
negative serum test in such circumstances is no criterion
of cure.

A negative reaction (—) obtained when no gonococci are
demonstrable in smears or cultures indicates that :—
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(i.) The case is not a gonococcal infection ; or
(ii.) The case is cured.

At this stage the value of the reaction in a test of cure
may be discussed. The reader will have realised that a
single negative serum test by itself is insufficient evidence
on which to base a standard of cure, but when compared
with the other means of testing at our disposal, such as
smears and cultures, it holds pride of place. A negative
result shows that absorption of toxin has ceased, but this,
although of great importance, is not conclusive evidence
that the gonococci have been expelled from the tissues.
Therefore, in a test of cure, all evidence, both clinical and
pathological, must be considered. It is suggested that,
if the patient shows no clinical signs and pathological
evidence of the disease (serum tests, smears, cultures,
etc.) is negative, normal life (with the single exception of
coitus) should be allowed for one month. Then the
patient should be re-examined and all tests repeated.
If these still yield negative results a further month of
normal life should be allowed before the final tests are
made. When these are satisfactory, the patient may be
regarded as cured. Throughout a test of cure the follow-
ing points should be remembered.

(i.) It is certain that a patient with a persistently
positive complement fixation test is still infectious.
It is therefore useless to perform a test of cure until
the complement fixation test for gonorrhcea has
‘become negative.

(ii.) No patient should be discharged as cured on
the strength of a single negative serum test. This is
insufficient evidence on which to assume that the
infection has been eradicated.

(iii.) The importance of vesicular smears and especi-
ally cultures as a complementary investigation to a
negative complement fixation test in a routine test of
cure in the male cannot be over-estimated. I have
found that in cases of chronic gonococcal vesiculitis
which have been treated by massage and where the
complement fixation reaction for gonorrhcea has been
reduced from positive to negative, gonococci may still
be grown in culture by a special method which I have
devised from the vesiculo-prostatic material in 22 per
cent. of cases.

v.p. 265 x
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(iv.) If a case is prematurely discharged as cured on
the strength of a single negative complement fixation
test and gonococci are still present in the tissues, the
serum test will generally become positive again after
an interval of about one month.

To sum up, in view of what has been stated in the fore-

going pages, it will be seen that in order to interpret -

correctly the result of a complement fixation test for
gonorrheea it is essential to understand the significance
of an “open” or “closed” infection. Either type of
infection (or a modification thereof) is present at any
stage of the disease, and it may be surmised from the
result of a serum reaction whether or not drainage is
established. Thus a strongly positive reaction is indica-
tive of a ““ closed " infection with little or no drainage
and considerable absorption of the toxins of the infection.
On the other hand, a negative result in a known case of
gonorrheea is evidence of excellent drainage and little or
no absorption of toxin. Between these two extremes
varying stages of drainage and absorption of the toxic
material occur, and the result of a serum reaction at any
time during the disease is dependent on whichever of
these factors are present at the time of the test. If these
facts be borne in mind, there will be little difficulty in
correlating the result of a serum test with the clinical
picture. Two exceptions to the above general rule
occur :—

(i.) Patients (o-1 per cent.) who appear to lack the
necessary tissue reaction to form antibodies to the
gonococcus ; and

(ii.) Patients who have been treated with vaccine.

A negative complement fixation test, therefore, does
not of necessity exclude a gonococcal infection, but must
be interpreted in the light of the clinical condition of the
patient together with any other pathological findings
(smears, cultures) which are available.

On the other hand, providing no vaccine has been
administered, a positive test is always indicative of the
presence of living gonococci in the tissues. It has fre-
quently been stated that a positive complement fixation
test for gonorrheea may take some time after the patient
has been cured, to become negative. In my opinion this
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is not the case. If a positive serum reaction is obtained
when the patient is apparently cured, further careful
search will, as a rule, reveal a focus of infection. In the
male this is usually found in the seminal vesicles.

A positive complement fixation test due to the reaction
of the tissues against the presence of vaccine will not
persist for more than 6-7 weeks after cessation of the
vaccine administration.

Early acute wumtreated cases of gonorrhcea may be
expected to give a positive serum test from the first week
onwards of exposure to infection.

Chronic cases of gonorrhoea which have been insuffi-
ciently treated usually give a positive result. The seat
of the infection in the male appears to be in the seminal
vesicles which may act as a reservoir of infection, whilst
in the female the uterus or higher adnexa is usually
involved.

Chronic cases of gonorrheea which have been vigorously
treated so that efficient drainage is established may give
a negative result; but, if in such a case treatment is
prematurely stopped on the strength of one negative
complement fixation test, a positive result is usually
recorded after an interval of one month.

The test is essential to a *“ test of cure,” but, if a nega-
tive result is recorded, it should be supported by smears
and cultures. It cannot be too strongly emphasised that
no patient should be discharged on the strength of a
single negative complement fixation test.

The test should be used to estimate the efficiency of
antibody formation as a result of vaccine treatment.

Finally, there is little evidence to show that cross-
fixation with the antibodies of other gram-negative cocci
would confuse the issue either in diagnosis or in a test of
cure.
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