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THE COMPLEMENT-FIXATION TEST IN
GONORRHA.
By W. MAGNER, M.B.R.U.IL., D.P.H.

(From the Department of Pathology, University
College, Cork.)

THE tests upon which this paper is based were
carried out in the Pathology Department, University
College, Cork. The main objects of the investigation
were the determination of the diagnostic value of the
reaction and its reliability as a guide to the period of
infectivity. If reliable, the test will have a wide
application in the diagnosis of obscure gonorrheeal
lesions, especially in the female, and, employed as a
criterion of cure, should prove of the utmost value in
diminishing the incidence of the disease.

Theoretical Considerations.

The test under consideration has as its underlying
principle the detection of specific antibodies in the
serum. It would seem therefore that a strongly positive
reaction signifying an efficient response on the part of
the healthy tissues is of favourable prognostic import.
A weakly positive or a negative reaction would seem to
indicate a failure of specific antigens in reaching the
healthy tissues in sufficient amount, and to suggest the
administration of a suitable vacecine in order to provide
the necessary tissue stimulus.

Again, anegative result in a case which had previously
reacted positively, proving the disappearance of the
specific antibodies, would suggest the removal of the
tissue stimulus, or in other words, the destruction of
the organism. In this respect, however, one must
consider the possibility of the gonococcus lying dormant
in some situation so walled off from the general circula-
tion that antigenic substances no longer reach the
blood-stream and healthy tissues.

To summarise, the points requiring elucidation would
appear to be :—

1. Whether in all cases of gonococcal inflammation
antibodies can be detected in the serum, or whether
such inflammation may exist without the necessary
antigenic stimulus reaching the healthy tissues.
2. Whether, when once the tissues are incited to form
antibodies, such formation continues until the organisms
are destroyed, or whether, the acuteness of the inflam-
mation having subsided, the latter may lie dormant but
potentially virulent without exerting any further stimu-
lating action on the body cells. 3. A point of subsidiary
importance is the approximate determination of the
length of time during which antibodies persist in the
serum after destruction of the organism. )

The conclusions reached with regard to these points
will be discussed.

Technique.

The technique employed was practically identical
with that described by Captain D. Thomson, R.A.M.C.}

Antigen—During the earlier stages of this investigation
Parke, Davis, and Co.’s compound gonococcal antigen was
exclusively employed. Later, through Captain Thomson’s
kindness in providing me with a supply of antigen prepared
according to his own method, it was possible to compare the
relative merits of the two. It was found by preliminary
tests that either antigen in a dilution of 1 in 10 gave satis-
factory results, and they were employed in this concentra-
tion throughout the work. The conclusions reached as a
resultof the comparison of the twoantigens will be recorded.

Complement.—Guinea-pigs’ serum which had been in contact
with the clot for three to five hours was employed. The
maximum complementary action seems o be attained about
this time., The minimum hsemolytic dose was determined
in the presence of the antigen. Thus a series of tubes was
laid out, to each was added 1 volume (0°25c.cm.) of &
1 in 10 dilution of the antlgen 1 volume of varying dilu-
tions of the guinea-pigs’ serum, from 1 in 10 to 1 in 100, and
1 volume of normal saline solution (to bring the Sotal
volume of fluid up to that present in the actual test). The
tubes were then placed in the water-bath at 37°C. for one
hour, and in the ice-chest for one hour. One volume of sensi-
tised red blood corpuscles was then added, the tubes replaced
in the water-bath, and the results read off in half an hour.
The highest dilution of the serum which had caused complete
hemolysis was taken as the minimum haemolytic dose.

1 Medical Research Committee, Special Report Series, No. 19.

In all complement-fixation reactions it is advisable that
the complement should be thus titrated in the presence of
the antigen. It seems clear that the number of M.H.D.’s of
complement absorbed by a given antigen from different sera
shows variations. In the majority of cases the antigen in a
suitable dilution absorbs between 1 and 13 M.H.D., but
occasionally the same concentration of the antigen will be
found to absorb 23 or even 3 M.H.D. from a given serum.
This can only be due to some variation in the complement
which renders it more easily absorbed or neutralised. A
peculiar fact noted in this connexion is that the presence of
normal human serum in the mixture containing antigen and
complement diminigshes the amount of the latter absorbed.
Thus in reading a test it will occasionally be noted that the
tubes containing the normal control serum show complete
hemolysis with 3 M.H.D. of the complement, whereas the
antigen control, containing the same amount of complement
but without serum, shows_complete inhibition. The action
of normal decomplemented serum in preventing the absorp-
tion of complement by the antigen is not easily explained.

Red blood cells.—A 6 per cent. suspension of washed sheep’s
corpuscles in normal saline was employed.

Hemolytic serum.—This was obtained from Messrs.
Burroughs, Wellcome, and Co., and proved very satisfactory.
The usual titre was 1 in 3000 and the corpuscles were
sensitised with 5 M.H.D. Thus a 1 in 300 dilution of the
serum was prepared and equal parts of this and the suspen-
sion of red corpuscles were mixed and-allowed to stand at
room temperature for 15 to 30 minutes before use.

Patients’ serum.—This was heated to 60° C. for ten minutes
and then dilated 1 in 5 with normal saline.

The Test.

Four tubes were laid out for each serum and four for the
controls. In theserum tubes A, B, C, D was placed 1 volume
of the diluted decomplement patients’ serum. To tubes A,
B, and C was added 1 volume of the antigen dilution, and to
tube D, which acted as the serum control, 1 volume of saline.
To tubes A and D was then added 1 volume of guinea-pig’s
serum, containing 2 M.H.D. of complement, to tube B,
1 volume containing 3 M.H.D., and to tube C, 1 volume con-
taining 3% M.H.D. The control tubes were arranged as
follows :—

(1) 1 volume of normal decomplemented
serum (1/5) plus 1 volume of antigen
plus 25 M.H.D. of complement

(2) 1 volume of a positive serum plusl Volume
of antigen plus 25 M.H.D. of com-
plement

(3 1 volume of saline ‘plus 1 volume of
antigen plus 23 M.H.D. ... Antigen control.

4) 3 volumes of saline ... Red cell control.
The whole series was then pla,ced in the ice-chest overnight
about 16 hours. On the following morning o each tube was
added 1 volume of sensitised red . cells; the tubes were then
replaced in the water-bath and the results read as soon as
the serum controls and the antigen control showed complete
haemolysis.

The rule observed in reading the tests was that a serum
showing complete inhibition of heemolysis in the first two
tubes and partial or complete inhibition in the third was
marked Strongly Positive (4 ++). A serum showing com-
plete inhibition in the first tube and partial or complete
inhibition in the second was marked down Positive (+ + —).
A serum showing complete inhibition in the first tube and
complete hsemolysis in the others was marked Weakly
Positive (+ — —). Sera which showed partial heemolysis in
the first tube and complete hsemolysis in the others was
marked Doubtful (+ — —), and, if possible, re-examination
was carried out after an interval.

Number and Types of Cases Examined.

The total number of sera examined was 200, com-
prising 110 actual cases of disease and 90 controls. All
collected from male patients. In the majority of the
cases the subsequent history was available, and the
extent to which this confirmed the results of the tests
could be determined. A large number of the sera were
examined simultaneously with Thomson’s and Parke,
Davis, and Co.’s antigen, so that the actual number of
tests carried out was 298. The cases were grouped as
follows :—

Group 1.—Urethral discharge contmmng gonococct.

Negative control.

Positive control.

(a) Acute purulent discharge .. e e e 60 cases.
(b) Chronic gleety discharge ... 20 .,
(¢} Caseswith discharge and systemlc comphca.tlons [

Group 2.—Urethral discharge without gonocacet.
(a) Gleet with a definite history of previous acute dis-
charge containing gonococei... . NV |
(b) Similar cases with systemic complications
(¢) Cases of doubtful nature ...
Group 3.—Apparently cured cases which had recelved
treatment with ordinary autogenous vaccines ...
Group 4.—Apparently cured cases which had not
received vaccine treatment .
Group 5.—Controls, comprising ca,ses of syphlhs, non—
venereal diseases, and normal individuals ...
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Results. )
GRroUP 1 (a).—dcute Purulent Discharge Containing Gonococci.
Date of collection of serum. tfgfea’é- Pos. | Neg. | Doubtful
Before 12th day of discharge ... .. 9 2 6 | 1
Between 12th and 24th day ... .. | 21 17 3 1
’ 24th ,, 50th ,, ... .. ... 30 27 2 1

In 51 cases in which the serum was collected after the 12th day
of the discharge 88 per cent. of positive resulfs were obtained.

Group 1 (b).—Qleety Discharge Containing Gonococet.

Date of collection of serum. t%‘g:gé, Pos. | Neg. |Doubtful
Between 4th and 5th week ] 3 ‘ 2 | — 1
. 5th and 10th week ... ... 5 5 — —
After 10th week ... ... ... .. .. 12 11 1 —

In 20 cases in which the serum was collected after the 4th week
95 per cent. of positive results were obtained.

Group 1 (¢).—Cases with Discharge and Systemic Complication.

|
Date of collection of serum, gsogg‘é. Pos. | Neg. pli(ggirzlii(;n.
5th week ... 1 1 | — | Epididy-
‘ 5 mitis.
Thh h, e e e e e e e, 1 — .,
rdmonth ... .. .. .. .. .. \ 1 10— »
5th e 1 , — |Arthritis.

In 4 cases with systemic complications 100 per cent. of positive
results were obtained.

GRroUP 2 (a).—Qleety Discharge. No Gonococci. Gonococcs
7 Previously Detected.
Date of collection of serum. gggg'é. Pos. | Neg. | Doubtful
8th week ... ... ... .. . .. .. 3 2 —
10th to 13th week 5 4 — 1
4th month ... 1 ’ 1 _ _
5th month ... 1 J — 1 —

In 10 cases in which the serum was collected between 2nd and 5th
month, 7 positive, 2 doubtful, and 1 negative result were obtained.

GROUP 2(b).—Cases Similar to Previous Group but Complicated

by Arthritis.
: Total Com-
Daste of collection of serum. tosted. Pos. | Neg. lpu oations
8th month ... 1 | 1 | — |Arthritis.
15th week ... 1 | 1 — s

In two cases with arthritis and a history of gonorrheea positive
results were obtained.

GROUP 2 (¢).—Cuases of Doubtful Nature.

Date of '
gioolllleg% tg‘sc&&é. Pos. | Neg. Remarks.
serum.
|
11th day ! 1 — 1 Mucoid discharge, denies possibility
] of gonorrheea,.
4th ,, | 1 — 1 Purulent discharge, B. colt and
" Staph.

In two cases in which the history appeared to exclude gonorrheea
negative results were obtained.

Group 3.—Apparently Cured Cases which had been Treated with
Autogenous Vaccines.

Date of collection of serum. t'ers%gil. Pos. | Neg. | Doubtful
1 month after treatment had ceased 1 1 l —
10 weeks . " 2 1] — 1
3 months . . 1 — ; 1 —
18 weeks ve . 1 — 1 _

Three casestested within three months of the date of last injection
gave two positive and one doubtful result. Two cases tested after
an interval of three months gave negative results.

GRrROUP 4.—Apparently Cured Cases which had not Received
Vacecine Treatment.

Date of collection of serum. tg‘&?(’ll. Pos. | Neg. | Doubtful
Between 1 and 2 months a,ftex dis-
charge had ceased . e 2 — —
Between 2 and 3 months ... 2 1 1 —
Between 3 and 4 months ... ... ... 3 — 3 —

Two cases tested within two months after all symptoms had
disappeared gave positive results. Five cases tested after the
second month gave four negative results.

GrouUP 5.—Controls.

Nature of case. l No. | Pos. | Neg. |Doubtful
Syphilis (Wass. pos.) .. j 20 3 7 |- -
Cured syphilis (Wa,ss neg.) . | 39 1 38 -
Suspected enteric ¢ 10 - 10 -
Malaria ... ; 4 — 4 -
B. coli septiceemia ‘ 1 - 1 -
Normal individuals ... l - 15 | 1

Four positive results were obtained amongst 90 controls. Of
these 4 casesone admitted having gonorrheea eight years previously,
but denied any recent infection. The other 3 denied ever having
had gonorrheea.

Comparative Tests with the Two Antigens.
(a) To determine relative degree of specificity.

Number of sera tested with both
Number positive with both ...
Negative with both ... ...

Positive with T., negative w1th P D
Positive with P.D., negative with T..

(b) To determine a.ntlcomplementary a,ctlon

To determine the anticomplementary action of the two
antigens the M.H.D. of a guinea-pig’s serum was estimated.
Thus, a series of fubes was laid out; to each was added
1 volume of varying dilutions of the serum, 2 volumes of
normal saline, and 1 volume of sensitised red cells. The
tubes were then placed in the water-bath at 37° C. and the
result read in half an hour. The highest dilution showing
complete heemolysis was taken as the M.H.D.

Two further rows of tubes were then laid out. To one
row was added 1 volume of Thomson’s antlgen and to the
other 1 volume of Parke, Davis, and Co.’s antigen. One
volume of saline was then added to each tube, and, starting
at the left-hand tube in each row, 1 volume of varying
dilutions of the serum. The tubes were then placed in the
water-bath for one hour, and in the ice-chest for one hour.
One volume of sensitised red blood cells was then added to
each tube and the series replaced in the water-bath.

The result was read in half an hour, and by contrasting
the M.H.D. with that determined by previous estimation the
number of doses absorbed by the antigens could be deter-
mined. As a result of 15 such tests it was found that
Thomson’s antigen in a dilution of 1 in 10 never absorbed
more than one M.H.D. On the other hand, Parke, Davis,
and Co.’s antigen never absorbed less than one and a-half,
and occasionally absorbed two M.H.D.

Thomson’s antigen 1nva,r1ab1y proved less anti-comple-
mentary than P., D., and Co.’s. 1t would also appear to be
slightly more sensnnve, though here the difference is not
very marked.

- SRS

Review of Results.

As in all complement-fixation reactions the reliability
of the test must depend to a great extent upon the
sensitiveness of the antigen. Both antigens employed
in this investigation gave satisfactory results, but more
accurate information as to the serological strains of the
gonococceus is desirable so that a definitely polyvalent
antigen may be prepared. A negative result in the
early stages of the attack is of no significance. A con-
siderable proportion of cases during the first fortnight
gave such result. The greater the duration of
the discharge the greater the probability of a positive
result. After the third week the great majority of
cases reacted positively. The occurrence of systemic
complications, such as epididymitis or arthritis, was
invariably associated with a positive reaction. This is
to be expected, as such complications indicate the
dissemination of the organism and presumably a
specific response on the part of the infected tissues.
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Cases in which gonococei are found or can be
induced to appear in the discharge offer no difficulty
in diagnosis, and of course as long as the organism is
present the patient is warned that he is infective. In
many cases, however, as soon as the acuteness of the
attack has subsided the organisms disappear, though a
more or less scanty mucoid discharge persists. It is
cases of this type which prove a serious problem for the
practitioner, as he is frequently called upon to decide
whether the patient is non-infective and at liberty to
marry. A decision based upon negative microscopical
examinations is fraught with danger, and it would seem
that the complement-fixation test is of very real value
insuch cases. A positive result indicates either that the
patient still harbours the gonococcus or that the latter
has been so recently destroyed that antibodies still
persist in his serum. In the latter case the positive
result will disappear within a few months. The indica-
tion in such a case is to warn the patient that he is
still infective, to continue local treatment, and to
re-examine the serum affer an interval of three
months.

A negative result, especially if the serum has pre-
viously given a positive reaction, is very strong
presumptive evidence of the destruction of the
organism. It is, however, obvious that a much more
extended investigation is necessary before the value
of the test in this direction can be definitely estab-
lished. Antibodies seem to disappear somewhat rapidly
after the elimination of the organism. Positive results
were obtained up to ‘the third month after disappear-
ance of all symptoms. After the third month all cases
treated gave negative results.

The administration of an ordinary auntogenous vaccine
does not appear to prolong the positive stage to any
great extent. A negative result is therefore not to be
expected until three months after disappearance of
gsymptoms and cessation of treatment, but a change
from positive to negative about this time indicates
conmplete cure and non-infectivity.

Four positive results were obtained amongst 90 controls.
These positive cases were either suffering from or had
suffered from syphilis. One admitted an attack of
gonorrhecea eight years previously. One doubtful result
was obfained in a healthy individual whohad no history
of gonorrhcea. It is noteworthy that the only controls
giving positive results were those who admittedly had

run the risk of contracting gonorrhoea, though denying
any recent infection.

Conclusions.

1. The complement-fixation reaction will prove of
real value both in the diagnosis of gonorrheeal infections
and in the determination of the period of infectivity.

2. It is probable that with more accurate information
as to the serological types of the gonococcus a more

sensitive antigen will be available and still more specific
results obtained.

3. Negative results are common during the first 10 or
12 days of the discharge. After this period the great
majority of cases react positively. Positive results
may, however, be obtained as early as the fourth day.

4. A certain number of mild cases in which the
infection appeared to be limited to the anterior urethra
reacted negatively through the attack.

5. The more extensive the inflammmation the greater
the probability of a positive result. Cases showing
systemic complications invariably give such a result.

6. The complement-fixing antibody persists in the
serum for about three months after destruction of the
organism, during which period the reaction remains
positive.

7. The administration of an autogenous gonococcal
vaceine during the course of treatment does not lead to
a greater persistence of antibodies, the serum becoming
negative in about the same period after the final
injection.

8. The criterion of cure a,nd non-infectivity is there-
fore a change in the reaction from positive to mnega-
tive three months after disappearance of all symptoms
and eessation of all treatment.

REMOVAL OF METALLIC FOREIGN BODIES

BY SURGICAL OPERATIONS UNDER DIRECT
X RAY CONTROL.!
By C. FRED. BAILEY, M.D.]ZOND,,M.R.C.P.LOND.,

ASSISTANT PHYSICIAN AND MEDICAL OFFICER IN CHARGE ELECTRICATL,
DEPARTMENT, ROYAL SUSSEX COUNTY HOSPITAL, BRIGHTON.

As a result of five years’ experience as radiologist at
the 2nd Eastern General Military Hospital, where I
assisted at a large number of operations carried out
under direct X ray control, I wish to appeal for the
more frequent use of this method. The removal of
foreign bodies is rendered easy and sure, the average
time of operation is appreciably reduced, and the after-
results are excellent. X ray apparatus should, how-
ever, be simple; both surgeon and ansesthetist object
strongly if their workis impeded by a cumbrous or com-
plicated X ray plant, and would prefer an X ray operating
table as little different as possible from the ordinary
operation table, leaving a perfectly clear field for the
operation. Moreover, the day when an operating
surgeon took but a perfunctory interest in the methods
by which a radiologist supplies him with certain X ray
data is past or is rapidly passing. The operator now
often consults with the radiologist beforehand in the
X ray room, using the ordinary apparatus, on the
different indications of the position of a metallic frag-
ment, and as to the steps of a projected operation. This
consultation has developed into quite a rehearsal of the
operation itself ; therefore, to introduce a new compli-
cation in the shape of different X ray apparatus must
be a mistake. For the control operations the best
X ray plant is that ordinarily used, except in quite
exceptional cases. However, while I maintain the
superiority of the simyple type of equipment, it must
be an efficient type; it must be capable of producing
perfect skiagraphs, able to show good stereoscopic views,
and equal to very rapid localisation work. Many civil
hospital equipments are by no means up to even this
moderate standard.

Cases which have been operated on, perhaps several
times over, without successful removal show such
severe damage in the form of excessive scar tissue,
and disability resulting from unsuccessful search, as to
convince me that the common X ray help given the
surgeon, by X ray plates and surface markings, is often
ingsufficient, and that a preliminary consultation with
the radiologist in the X ray room would have saved
these patients much trouble. Some have been operated
on by routes that surely no surgeon:would have adopted
had he possessed a clear and correct idea of the foreign
body’s exact position. Of course, it may be argued that
in some cases the position of the fragment might have
changed or that the position of the patient might have
been different when X rayed to that when under anses-
thesia at the operation. Both these contentions, to my
mind, would merely be strong arguments in favour of

preliminary combined observation by surgeon and
radiologist.

The Essential Equipment for Direct-control Operations.

The essentials of a suitable equipment are, in my
opinion : (1) Freedom from the possibilitiy of ‘ shocks”’ to
patient or anyone near; (2) X ray protection for all, as
thorough as can be, added to simplicity of apparatus;
and (3) rapidity and ease of manipulation of apparatus.
The main points of distinction in my equipment are:
(1) A simple five-ply wood-topped X ray table without
castors, light, and easily moved into any position,
having no rails or tube-box, in fact, nothing whatever
attached to it; (2) a light oak tube-stand on very easy
castors; its tube-box can be moved about under the
table by a handle held by the radiologist, who stands at
the same side of the table as the surgeon, while the
tube-stand itself remains on the opposite side; and (3)
satisfactory X ray protection, no danger of ‘‘shocks,”
no liability of damage to machinery or individuals when
working in the dark. It will be seen that the factors
(1) and (2) give an absolutely clear field for operating.

1 Abridged version of a paper read before the Brighton and Sussex
Medico-Chirurgical Society on April 1st, 1920.




