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‘ !he first published observationvcf clinical value on

this subJect was as long ago as 1906, shen.Mueller and

Oppenheim(l), followed by Bruck(2), described successful

demonstrations of the fixation of complement in gonococcal

infections. Since this date a number of workers have

«3 made contributions which have placed the study of the serum

«win these infections onza sound basis; yet there exists

uncertainty on several important points, and in Britian

\ and to the greater extent in Australia. this field of work

has been ltttle exploited.

fhe laboratory testtshich forms the bulk of the present'

enquiry is thattnhich is the most immortant of the immunity

reactions in gonoccccal infections, the Complement rixation

test, referred to hereafter as the 0.3. testt

Its clinical recognition has been rather slow. This

has been due in part to the uncertain results often obtained;

-eIinz to the difficulties of a delicate and relatively

unstanderdised technique. Perhaps, too. even the Medical;

Profession may not have realised that gonorrheea is not always

merely a very localiseldinfection. but freguently:presents

features of shat is a systemicninvasicn. for a serum testttoc

be of value it is first necessary that the sucessful overthrow



infection in question should evoke the genera

,V‘I'by mechanimfle: the. hasty} Ms aspect at:the lease +

 



  (I) . AGGLQTINAng .

' As is well known, the bleed serum of an animal artificially  
immunised to the gonoccccus agglutinates the organism in high

titres The conditions in the human infectedisubdect are

not parallel, however; as the usually low antibody content

of the serum. and the difficulty of maintaining agglutin-

ahle cultures of many strains render this test clinically

inapplicable.

It is-the best means of estimating the immune response

of inoculated animals, but as the technique follows the

customary lines no further mention is needed here.

(2) . Pascmmgon. ‘

This~reaction also is readily demonstrated-in animal.‘

1

!

experiments. Its ease of technique commends it also-fer

clinical purposes. but its lack of seneitiveness limits

its sphere of usefulness.

' In order tlzelicit this reaction a more concentrated

antigen is necessary themwfer c.r.(i». so that the serum

used in the test is not unduly diluted in the presencea

of the bacterial antigen.' rho antigen employed must he

be a clear solution, made hhyextracting, dissolving or

autolysing gonococci(vide infra). The fairly wide employmenfi:_‘

of the various flocculation tests in the diagnosis of

Syphilis as confirmation of the wassermann test might

arouse the hope that a’ precipitin test might be of clinical
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l‘ ' value in gonococcal infections also. But the cases are

not parallel. In the former the infecting agent induces

_a very strong serum response, and the precipitate obtained

in the test is derived nottchiefly frem the serum but in

the main from the lipoids of the antigen(4). In the latér’i

the serum response ts relatively feeble, sndthe precipitate

being derived_from the serum proteins(5) is of necessity small

in amount.

Agprecipitin reaction can be elicited from the serum of?

a patient where the C.F. reaction is tell marked, but the

latter test sill reveal the presence of antibodies there

the former rails to respond.

The nethod vhich is most sensitive is that of the

contact ring. The antigen is floated on the surface of

the serum in a small test tube, and after one hour's

incubation at 57%, a white ring at the line of contact

indicates the formation of a precipitate.

A '°r1°s of cases where the serum responded strongly

to the C.F. test was examined by this method, and slightly

less than 89% agreement was obtained. As this excludes

those cases reacting only feebly to C.F. the method was

not extensively used in the present enquiry, Herrold(6)

obtained the precipitin reaction in 86% of cases ihere

the C.F. test Ins strongly positive, but the limitations

shown by this result alone are sufficient to impugn the

sensitivenese of the test.

A specimen series is appended.
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Ihile working on this at the clcse of 1920 I ccmmenced

a series of observations on a precipitin test designed to

demonstrate the presence of a genccoccal antigen in dis-

charges or urine deposits by testing for a precipitate in

the presence of a pclyvalent antigcnococcal serum. This can

be successfully done and presents a close agreement with the

results of bacteriological examination.

} Since initiating this work I have read the article of

Robinson and.neader'(7), and as my own independent ob-

?‘ servations coincide largely with those made 1:: by thee;

workers they will be presented here, though strictly

speaking‘such a test does not fall within the category

of senun reactions.

 

The clinical material used is the urethral, er prostate}:

or cervical discharge. This is collected directly into a

centrifuge tube with a pipette or on a small swab, thieh is

placed in the tube and treated with a small quantity of

distilled water or saline, I to 22m“. This may be treated

7 with decinormal H a O H, and subsequently neutralised rith

-fi . n/Io H 01; but better results ard obtained by autolysing

. in water or saline alone. 1'he mixture is allowed to stand

overnight and incubated at 57°C for 2-5 hours. or else, as

Robinson and.Meeder advise, heated at 57°C for 6 hours.
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By spinning the fluid, which nay be increased in volume if

» required, a clear or nearly clear product is obtained, which

contains the antigen (precipitogen) if such be present.

The above authors find no special advantage in using.

a polyvalent antiserum for this test, but the present results

are all based on the use of a polyvalent serum.

I n carrying out the test an arbitrary quantity (0 2 to

O 5 etc.) of antigonococcal serum of high titre is placed

in a small test-tube of I cm or less in diameter, and on

this is deposited by means of a capillary pipette an equal

quantity of the prepared extract. union will float on the

surface on the serum. Extract and serum controls are

employed, also Iith advantage, a control series using normal s

serum.

 

Tubes 4 and 5 suffice of course for the nhole series.'

these are incubated at 57 C I hour, by preference on

a water bath, and allowed to stand at room temperature

fi'to I hour. A positive reaction is shown by the presence 
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of an opaque ring at the zone of contact, care being t aken

not to agitate the rack of tubes.

In general it was found that the results coincided

with the clinical and bacteriological findings. but it

would be hard to eay_if any reliable information is often

given which cannot be obtained otherwise. ‘

When a definite ring is seen and all controls are

clear the reaction is probably quite specific.

It will be seen however that the class of case to

which it is applicable is limited, and the C.F. test, for

instance, will yield results where no local material for

examination can be obtained. As precipitation requires

an optimum concentration of the antigen a further limit ation

is placed on the method.

In several cases a successful demonstration of antigen

in discharges was made by complement fixation, but the

necessary preliminaries and safegaurds ina::c£°t::§:/that

the pra ctical value seemed to be very slight.

In several cases urine deposits were subjected to a

precipitin test but only limited success was obtained, two

.positive tests being found in eleven cases which were ,

.known to present a demonstrable gonococcal infection.

This table sets out a Summary of precipitin tests

carried out on urethral prostatic and cervical discharges.
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nature of case Smear Examination

Positive Negative

      
     

   

  

  

  

 

Preoipitin teat.

Positive Negative

Clinically

Gonoooocal

Clinically

Non Gonococoal

All doubtful preoipitinr tests were recorded here as

negative.
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(5) . gpsomc mm.

the determination on the Opsonic Index has been carried

out paralblt with C.F. tests in a small series of cases, but

the results did not warrant continuance of this work. Even

young gonococcal cultures often contain cocci which stain

poorly, and may look somewhat swollen. As these are pro-

bably more easily disintegrated than more vigorous inditiddals

this may be an extlanation of the divergence which is noted

even in the results of examination of normal core.

The opsonic index in a nunber of chronic cases which

yielded a partially positive C.F. test was below that of

normal controls. An increase of the antibody content of the

blood by natural cure, or especially by specttic serum or

vaccine therapy as gauged by clinical improvement and C.F. teats
. O

was accompanied by a rise in the opsonic index.

However the variable factors are many, and less readily

controled than those in haemolytic experiments, so for this

reasonin no extensive series of cases was the method'employed,

(4) . 321mm worms,

‘ This reaction is one method of demonstrating the physical

changes which take-place when antigen and the supposed anti-‘

body are brought together in vitro. Devised by weichardt

in 1909, and later modified by Seiiert it was used as a con-

trol for wassermann tests by Keidel and Hurwitz (8), and con-

firmed as regards accuracy by Angerer and Stotter (9).
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Experience with the serum of lyphilitic patients indicates

that the reaction, probably like Noguchi's C.F. test with

a spirocheetal antigen (10), is a true indicator of the

presence of specific antibodies, and similar demonstration

has also been made in typhoid, diphtheria and tuberculosis.

It has been shown that the conJunction of antigen and

. antibody causes changes in diffusion rate. owing to alterations

a system

in surface tension. In this test/of freshly prepared Ba 804

is used, whose end point to phenolphthalein is shifted towards

the side of alkalinity by the presence of colloidal solutions,

such as serum alone or antigen alone in high dilutions. The

interaction of antigen and antibody in serum alter this re-

lation and shift the reaction of the system in the direction

of acidity, i.e. of further concentration of H ions.

Thus, a fresh saturated solution of Ba 0 H is made ex-

actly equivalent to a normal solution of H2 804. To equal

quantities of these are added dilutions of antigen and serum,

and finally the indicator. consisting of 1% alcoholic sol-

ution of phenolphthalein, together with 1% of a 10% solution

of sr 612, used as a catalyst.

SCHEME OF TEST,

   

 

Serum Control

Test‘

 

Several falling dilutions of serum are used, the dilution
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, of antigen being determined empirically.

,A positive result shows the tubes containing the re-

acting serum and antigen lighter pink than the serum and

antigen controls, and a quantitative estimate may be made_v

by citrating with a very dilute H2804 solution.

Applying this to the serum of an animal immunised to'

the gonococcus, and employing a gonococcal extract as an-

tigen I have been able to demonstrate in this way that

specific antibodies exist in the serum.' Apparently this

is a delicate reaction, but as it depends on alterations»

in surface tension between the suspended particles of a

nascent insoluble inorganic salt, errors easily creep in.

Exact measurements must be made; using a pipette

mounted inside another glass tube ihich catches any excess

owerflow from the inner measuring pipette; thus ensuring

delivery of the precise quantity required.

When applied clinically this test has not yielded in.

-my hands any useful results. the experimental error

is apt to be high, and only those sera with a high content

of immune body react demonstrably.

Employing a similar though less sensitive test, the"

meiostagmin reaction, in the diagnosis of influenza and

Cancer respectively, Edington (II) and Bernstein and Simons(12)

. report a failure to obtain results of clinical value. 
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> (5). ammo nxmxon,‘

Following upon the pioneer work of Muller Oppenheim

and Bruck the results of othe robservers were somewhat in-

consistent. league and-Torrey in I907 (15) demonstrated

agglutinins and precipitins in the serum of animals im-

munised against the gonococcus, and by these means and.further

work on C.F. in immunised rabbits, Torrey(I4) (15) (I6) (17)

showed that the gonococcus belonged to a heterogeneous grasp. 7

Schwartz and McNeffgglaoed the C.F. test on a sound

basis in gonococcal infections and made it of clinical value

in: by proving the necessity of a polyvalent antigen.

Since their work a number of other investigators have

- published slight variants of technieue, and confirmation has

~ not been lacking as to the value of the procedure. Owers(ll3

Thompson (19)? Kolmcr (20'), Schmidt (21), Jones ind Simons(22)

warden (25), Less (24) (25); Priestly (26), Dixon and Priest-

ly (27),'Magner (28), Smith and Wilson (29), Thomas and Ivy(50)

Irons (51), Harrison (52), Keyes (55), Herrold (54-),Lailey I
and Cruikshank (55) and Kelly (56), have all borne testimony

btsthe value of this laboratory test in clinical medicine.

Nevertheless the percentages of definite reactions in the pre-

sence of known gonococcal infections vary with different

workers; and.the1ledical Research Committee in Britain in their 2

report on the laboratory diagnosis of gonococcal infections

(loe‘_cit.) give four sample techniques and while advising

-standardisation are not able to recommend any given tech-

nique as the best.



In appxfléahingthe present enquiry the 1:111:19; method 4

employed a! testing various technical methods was that oi

‘immnuising several rabbits with.singie strains of aenacofifi

;¢\eus} and testing their serum against the appropriate'sfiiégfiIT

Rabbififl regdily tnlarate intraperitoneal infebtions at iii.

gflg‘gonacocci, thich were grown on slopes o£.fhonson!a

sbrum-glucose aggr. In fhts way in pérticular'diifegéh£'

antigens were téstad.
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Li.- rscnmgus or c,r,‘ mes g GONOQOOCAL mucous,

Several points need to be received, for a technique

Ihich yields satisfactory results with the Ihssermann Test~

may fail to satisfy the requirements of a much more delicate

reaction.

(a) . 0 cm s on

Both human and sheep corpuscles have been used, chiefly

the latter. Results obtained with the former system are

mentioned below.

the emulsion employed was usually 5%. It is of the

utmost importance that a regular and standard technique be

employed. }¥\the centrifuge be spun for a longer or shorter

time than'usual, the bulk of the corpuscles will vary, al-

tering the strength of the suspension. If a routine be adept

ed consistent results are obtained. even without the refine-

ment of using a specific gravity method, as advocated by

Lewis (5?). Calculation may also be made from the whole

blood, reckoning the normal percentage of the blood volume

occupied by the corpuscles, and this method gives excellent

results.

_(b) . fig}QCEPTOE,

A series of tests was made to ascertain the relative

value of the anti-sheep and anti-human systems, the ambe-

fl , ceptors used being obtained by intraperitoneal injection

of a rabbit,using five increasing doses of corp§scles.

fi_ The anti-human system is slightly more sensitive, as it ,«h
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eliminates the error caused by presence of anti-sheep amboé

ceptor in human sere. A recent series illustrates this.-

Sheep System
Incubation I hr. Incubation

at 57 ' 18 hrs at 4 C

Serum Human System
Incubation I hr.     
       

  

-—inccmplete

.+

 

    

 

-+++  

Here the results accord with and may even improve upon the

more sensitive method of long incubation in the cold. The

drawback to the human haemolytic system is that the embo-

ceptors thus prepared are hard to make of high titre. Anti-

sheep haemolysin of high titre is readily obtained and for ‘

this reason most of my tests have been made with it.

Some workers vary the amount of amboceptor used, keeping

the complement constant.. This is well adapted for a "one

tube" method, but as complement is much mire instahle than

the haemolysin it is better to keep the letter fixed and

vary the former. That it is more accurate to titrate

complement than amboceptor alone in the daily routine was

shown by Ottenberg (58) in an experimental study.

The method of sensitising used has usually followed

that recommended in No. 4 method of the wassermann test of

the Medical Research Committee (59) using full sensitis-

tnion with 5 M.H.D., allowing incubation for 50 minutes

after mixing the corpuscles with the haemolytic serum.
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, (a). emu.

g Guinea pig serum was almost exclusively used fornthis

purpose. In cgr. tests for Syphilis and ruberculosis

Gradwohl and also Goldenberg and Field 6‘60 have used the

complement in the patient's own serum. 1 have tried

this method, but when all due sategaulds of titration of

fi§;tho complementary strength are adopted it offers no ad-

;antages. who negative reactions_are probably to be trustedn

more than the positives, especially if these latter are

poorly marked.

Complement is best to be pooled, owing to differences

in the relative powers to lyse sensitised corpuscles and to

be fixed by the Antigen-antibody complex.

The method or titration is of the greatest importance.

The usual routine is to incubate sensitised corpuscles with

equal quantities of complement diluted 1/10; L/zo, L/5o up

to say I/IZO. As complements vary greatly in activity

the minimum haemolytic dose (M.E.D.) will vary from time

to time. ‘Now it will be noted that the quantities of

complement used in this trial increase by irregular increments

Thus greater exactness may be attained if the M.H.D. fall

within the higher dilutions than if within the other end of

the scale. This may be overcome by interpolating dilutions

in order that the series may more nearly approximate to an

arithmetical progression. For a successful titration it is

desirable to find the dilutions immediately above (i‘e‘ weaker

. than) the n.H.D. showing some degree of haenolysis: zen abrupt
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transition from no change to complete lysis leaves room

for doubt.

_ Thomson (fl?) advises titration of complement with

antigen, and using at, 5 and 5% times the M.H.D. thus

found. The amount or canal-lint absorbed by the antigen

alone must be known, but to include this in the 15.3.1). '
invites some lack of uniformity in the quantitative re-

sults obtained from week to week, as each multiplication

also multiplies the amount absorbed by the antigen alone.

This error is slight with a good antigen, but is variable.

The routine which I have found most satisfactory is to put

up two sets of tuhee for preliminary titration, each con-

taining graduated amounts of complement, and one contain-

ing the previously determined dose of antigen. These are

incubated I hour at {7°C. and the results after adding the

rother components or the haemolytic system give us the mini-

mum haemolytic dose of the complement and also tell how

much complement is absorbed by the antigen.

One's experience comes into play here in assessing this

evidence and selecting the dilutions which will be used in

the test.

A tube containing the positive control serum may be

included with advantage, to ensure the activity of the

antigen.

Three quantities of complement should he used in the

test, in order to measure the strength of the reaction;

The smallest amount used may be 2 M.H.D. plus the allowance
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made for complement absorbed by the antigen. or 2% M.H.D.

with the same addition.if long fixation on ice be used.

The ratios between the successive quantities may be

: 2%:5:5§. following Thomson, or else 5: 4:5. In practice

the minimum.amount of complement used is usually in the neigh-

bourhood of 5 M.H.D. for long fixation (18 hours).

In the lessermann test large amounts of complement are

deviated by strongly reacting sera,and the antigens are but

little anti-complementary, so large increments may be used.

e.g. 2, 4 and 7 doses. But in this test the reaction is

feebler, and its effective and yet safe range more restrict-

ed. It should be noted also that if any one given serum fix

twice the quanttny of complement fixed by another serum. it

does not follow that its content of antibody is double that

of the other. As it is probable that complement is fixed

or deviated according to the laws governing alsorption, the'

quantity of complement bound by increasing concentrations of

cantibody (in combination with antigen) may not follow a

simple linear relation, but rather the general formula of

entorption. (If A g-amouht adsorbed from a solution. the

amount adsorbed from a solution of double concentration is

not 2A-but A x 27’” , therein is a constant);

The practical outcome of this consideration is that the

varying quantities of complement used in the test should in-

crease by smaller increments than in the corresponding test

for Syphilies and also that the exact quantitative value of.

results of C.F. experiments must.not be unduly strained int.
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clinical interpretations.

‘ A further reason for caution in the latter respect is

that variations in complement may cause varying quantitative

results in the same sera at different times, as proved by

Harrison 0%!) by weekly tests of frozen acre.

(«1). saw.

Ihe quantity of serum to be used is important. One

method of carrying out the test is to employ diminishing

quantities of serum Iith all the other factors constant.

This gives good results. but those obtained by varying the

amount of complement are more satisfactory.

In an anti-sheep system the presence of anti-sheep

amboceptor in the isle tested introduces a possible error.

This may be avoided by using an anti-human system. or by so

diluting the serum as to render the effect negligible, in the I

latter case taking care to reduce somewhat the quantities of

the complement used,so as not to miss faint reactions._ A

dilution °f It; serum.vill give good results but for long

fixation on ice with small doses of oopplenent there is a

risk of this serum dilution being sufficient antieonplement-

ary to delay or inhibit lysis in the controls. It is safer

to use serum L/Io or L/ZO as advised by Thomson.

In carrying out a series of tests Iith varying quantit-_

ies of serum I have found that the greater concentrations of

positive sera do not always give the stronger reactions.

This may be altar-t due to natural amboceptors to the oc-

casional oecurence of the phenomenon of "zones of inhibition"
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such as happen in agglutination work.

The following table illustrates this in the case of two

positively reacting sera. All aeagente are of such dilutions

that equal quantities of each are used.

M.H.D. complement absorbed
in presence of antigen

Serum gDilution

 

i
  

I. I. L/5 5

I. 1/10 4-

1- me E a _
2. g' I/s g 5.5

2. 3 1/10 1 4.5

2. gI/go ! 4.5

 

This anomaly seems to be rare in clinical diagnostic work

but it is an advantage to include two different dilutions of

serum with varying doses of complement in the test.

The method of inactivation should be always the same,

15 minutes at 55°C being eufficientp It is probably best

to make the period as short as is compatible with thorough

destruction of the native complement. An extra degree of‘

seneitiveness is introduced by inactivating after dilution‘

of the serum. This modification has the support of some recent

work on the Iassermann teat 8+2).

Parallel tests were carried out over more than 60 clin-

ical cases, and showed sufficient improvement in the results-

in the weaker reactions to warrant its recommendation. The most striking instances are appended.



 

A inactivation after dilution .

* before "

0 complete haemclysie

nc, nearly complete haemolyeis

‘p partial . '

cl alight

tr trace

n none

A few of the sera used in this work were collected in a.

Iright*s capsule by pricking the finger or car, but the .

majority by puncture of a superficial vein. Care nae taken.‘

to secure clear samples, as haemolyeed eera are not infrequent-

ly anticcmplementary.

(e). 143mg]; 91*. 233511103.

The method of incubation for one hour on a waterbath or \ A

in a thermostat at 57°C gives fqfljly good results, and no strong-f

-1y reacting serum will thereby fail to give a definite read-

ing. Much more accurate and convincing results are obtain? ed by long fixation at.ice chest temperature.
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numbers of observers (4?)? (26); (3a). («1). (43). (“49a

(qfi1, (4&0, have praised this refinement in C.F. work, and

my own finding has been that it is a great gain in sensitivensss

and that without it the weaker reactions are often missed,

while doubtful results with the shorter method become less

equivocal and usually definite by this means.

Following the adsorption laws.the rate of complement

deviation proceeds morelrapidly at the higher temperature,

but the slower rate near zero is more than compensated by the .

greater completeness of the process. -

Iith the safegaurds mentioned above even a long period

on the ice will not buperil the results. Sometimes lysis

is a little delayed, as the rate of deterioration of comple-

ment is uncertain. False positives are not obtained if '»

adequate controls are used. On three ocaséions the whole

series was repeated as the results were not clear cut; these

accidents appeared to be due to an error in the balance of the

haemolytic system, a source of trouble which increase in ex-

perience largely eliminates.

A series of parallel observations was carried out on

over 150 acre. Of these a definitely negative or positive

reading was unaltered in about 60%. In 5I% a definite

though in some cases weakly positive reading was rendered

perceptibly stronger and in 9% readings which would have to

be given as negative or incomplete negative by incubator

fixation fibre transformed to partial or weakly positive re-

sults by ice chest fixation. As these weak serum responses

. are often of importance (vide infra) the gain is considerable.--'
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The racks may be left on ice for 5 to 6 hours, but this

method is inconvenient, the time for adding the corpuseles

being often at an unuuitably late hour. The most satis-

factory period is I7 to 18 hours at ice chest temperature

about 4 C.

(H. 1 Minute or m .

There is no special advantage in using large quantities

(e.g. Ic.e.) of each ingredient. With careful measurement,

using capillary or narrow bore pipettes I/io quantities i.e.

O;Ié.e.of each can be used vith excellent results.- The

readings can be more easily made with 0.2c.c. or 0.25 of

each, bringing the total contents or the tube to about Io.¢..

Latterly I have employed a drop method with every I

satisfaction, graduating a dropping pipette to deliver

50 drops per e.o.

This obviates error in measurilgntsmall quantities and

saves time and fatigue. For instance if the three doses

of complement used are in the proportion of 2%, 5 and 5%,

Tone dilution is made which contains 2% M.H.D. in L/é c.e.

The requisite amounts are then given by 5, 6 and 7 drops.

(a) . mztcm.
 

This is the most important of all ingredients

of the test; its full.discussion is reserved for a separate

section. In.nue method, that of Over (’7). the antigen is
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used in varying dilutions. There seems to be little advantag.

in this.

The variation in the behaviour of different anti-

-gens is great, but provided the preparation employed binds

'complement in the presence of a known positive serum in a

quantity well belon its anticcmplementary does an optimum

antigenic dose can easily be found. This should not be great-

er than 1/3 the anticomplementary dose. lf the preparation

in question be quite satisfactory the quantity used in the

test may 1311 remain constant.

Calculation of the actual amount of gonococcal substance

present (i.e. by counting or weighing) may afford some clue

as to the possible effective range of an antigen, but as in

any case‘s preliminary titration is essential with any new

antigen the step is an unnecessary one. I have found it most

satisfactory to make up antigen in concentrated form and to

ascertain the correct dilution for use by experiment; without.

reference to other measurements.

(h). READING 9r menus.

Iith ice chest fixation it is hard to assign a definite

period of incubation after adding the corpuscle emulsion. A

A large number of cold tubes assume the incubation telpera-

ture slowly. but this is not a disadvantage, as the lysis

of the controls can be satched more deliberately. Be seen

as these are lysed a reading is taken. for the reaction is
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specific. and with proper technique inhibition of lysis must

be due to specific causes. Another reading is taken after

a further period of 15 minutes incubation.

Prolonged incubation will often cause lysis in the case

of the feebler reactions. This is merely a question of the

accuracy with which the end-point of titration of complement:

is determined. It is better however, to have the complement

on the Isharp' side than to risk failure of lysis in controls.

For negative controls I have always used fresh sera,

animal or human. Negative sera kept on ice (or a week are

apt to become anti-complementary, especially if they are in-

fected, thus vitiating the results. I

For positive controls care may be kept on ice from the

proceeding week's tests, but a simple and very satisfactory

plan is to use an appropriate dilution of a polyvalent

antigonococcal serum.

(1). ‘sgpgggg or TECHNIQQE,

For exact work a most accurately controlled haemolytic .

system must be used. either anti-human(oivanti-sheep yield-

ing good results. i

Inactivation of serum is recommended to be carried out

after dilution for 15 minutes at 55°C. A multiple tube

method is essential the variable factor being the complement.

The doses of complement used should increase by small in-

lcremsnts so as to pick up slight changes in the antibody

content of the serum for test. The serum may with advantage
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- be used in two different dilutions, a strength of 3/10 or

1/20 absorbing very little 1:33:31 complement and containing

little natural amboceptor, it this be present.

The use of small quantities (O.Io.c.) of each component

is compatible with accuracy, and there is no need to use

amounts greater than 0.2 or 0.25 c.c.

Fixation for a long period (I? to IBhoure) on ice is

strongly recommended as a routine procedure.

The antigen should be titrated with complement and

with positively reacting serum as a preliminary.

The antigensfound most satisfactory in this investig-

ation have been

I. Polyvalent emulsion of soncoooci in carbol-

saline.

2. Lipoid-free suspension or extract.'

5. Filtered autolysate (McNeil).

4. Neutralised solution in alkali (Thomson).

The question of these and other antigens will now be dis-

cussed in detail.



 

(2M

1Ev.mmmrs m m 0,3, new,

The question or the antigen is a vital one, and has

been approached from several standpoints. I

I. Rabbits were immunised sith single strains of

gonococcus by repeated intraperitoneal injections

of the living organism. rhough at first they loseiweight

they tolerate increasing doses very well. Their serum

was then used to investigate the antigenic properties cfi;

the various preparations made from the homologous strain.

2. Antigens were made from a number of strains (not

less than IS) and tested against the polyvalent anti-

gonococcal serum of Parks Davis a 00.. and also of the

Commonwealth Serum Laboratories;

5. Similar tests were made with 5 strains using the

antiserum prepared from these at the Commonwealth

Laboratories (for the purpose of a special investigation

into serum treatment).

4. Practical trial and comparisons were made in_the .

weekly routine tests carried out on the patients' sera.

In this way stability and general reliability were in-

vestigated. '

In all cases young sub-cultures were used (24 to 48

hours) grown upon Thomson's Glucose agar with the addition

of human or horse serum ( the latter being quite satis-

factory especially after several generations). In order

to secure uniformity this culture medium only was used

for preparing antigens, as there was not opportunity for
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any detailed enquiry into the bearing of the medium upon

the antigen. . The oitrated blood agar of the Commonwealth

Serum Laboratories has been used for keeping subcultures

with uniform success.

(A). man Fog ggLflmucg.

This is well known, and though definite knowledge as

to the grouping of the gonococcus in Australia is wanting

it is certain that the organism belongs to a family of

several strains. I

The amount of complement absorbed by the serum of a

patient infected with the gonococcus varies very consid-

erably with individual strains. A preparation made from

even 5 or 6 random strains will not always elicit a posit-

ive reaction where 12 or I5 strains would do so.

By way of illustration the results with 5 different

sera are given.   Antizen 6 strains Anti:en Io strains

It is advisable to employ at least 12 to 15 strains

and to keep regularly subculture! such strains as are found

by experience to yield a good antigen.

In the work undertaken on antigcnococcal serum (v.1.) 5; ‘,1n 20% of cases a feeble doubtful or (rarely) nesative
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response was obtained with 5 strains and positive with

15.

(3.) AG or on T ass

This does not appear to be an important factor. though

there are so many variables to be taken into account that

it is hard to reach a definite conclusion. However,good

antigens have been made from strains subcultured many monthsy

- and in working with the 5 strains mentioned above no fall-

ing off was observed in antigens made in the same-way on

different dates.

(0). AGE gr THE ANTIGEN,

A good antigen should be stable for several months,

but all seem to fall off in potency even at low temperature.

Emulsions and the various forms of extract will keep for

5,5: 4 months as a rule, but require periodic testing to

find their antigenic and anticomplementary doses. The

latter ottbn increases with age. and the former decreases,

.thus‘reducing the effective range of the preparation.

For instance after intervals of 5 and 6 months one

antigen ( made after Thomson's method ) showed a decrease

in antigen power of 40% and 166% and an increase in intrinsic

affinity for complement of 25% and 70% respectively.

It is doubtful if simple emulsions are really less stauh

than the various extracts. ' In both when deterioration oca
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occurs the fall in antigenic power proceeds rapidly.

This question will be further discussed.

(D). amcrlon or am ANTIGEN.

to certain antigens are prepared by solution in alkali

,it is of interest to enquire how exactly neutralisation I

should be carried out. Also the question arises whether

the gonococcal vaccines_suspended in Ha Ha P04. 0.6% (to

prevent autolysis, Thomson (/7), might be employed.-

It is better to neutralise such a suspension if it

be used as an antigen, and an alkaline solution (in N/IO

Na OH or antiformin) should be neutralised to litmus.

The effect of a concentration of H or OH ions is to

increase the anti-ccmplementary properties of the antigen.

Probably this is due to the action of acids or alkalies

on the complement. It has been suggested that this is

caused by the splitting of the ”hiddle piece” of complement,

'hioh is supposed to unite with the sensitised corpuscles,

from the ”end piece" which is left in solution (Browning and

MacKen‘zie (47) ). or alternatively that the active prin-‘

ciple of complement is inactivated but not "split" (Noguchi

and Bronfenbrenner 0L8) ).

Experiments were made to test the effect of reaction.

Alkali, (Na 0H) and Acid (sec) were added to a fresh gonococou ,

cal emulsion in saline in small amounts to make concentrations _.3

_ or I/éboo L/4000 1/5000 and so on. the actual concentratiei 
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in the test-tube being 1/9000, I/IO,OOO etc. These were

used in tests to determine the amount of complement in/hib-

ited. It was found that the higher concentrations caused

chemical lysis of the corpuscles, but those below this

point caused definite interference with the normal lytic

power of the fresh guinea-pig serum. That is, a quantity of

antigen found by trial to be well below the amount necessary

to inhibit a given dose of complement eas able to present

lysis when acid or alkali was added in a concentration less

than that sufficient to cause chemical destruction of the

corpuscles. Neutrality in an antigen is thus desirable.

(E). W-

rhis has a decided influence. The O.F. test involves

the interaction of colloidal solutions, whose balance is.

easily disturbed. For instance the denaturing of protein

in complement by shaking causes inactivation (#9). So un-

due alteration of protein in antigen is not desirable, not

only on account of possible chemical changes. but also of

the alteration in surface telllon.

Heat is frequently used to extract the bacterial sub-

' stance, but shether it effects this by hastening a true

autolysis by enzyme action or by favouring a mechanical

breaking up ot the cell the benefit is not an unmixed one.

who following table shows the effect of heat upon

portions of the same emulsion of gonocooci.
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Emulsion heated to Kinimal antigenic dose

. 55’0 I hour 0.08 c.6.

70°C I hour 3 0.1 0.0.

 

80°C I hour ‘ 0.15 c. o.

Emulsion unheated } 7“ o.06 opp.

 

In this instance the more rapid disintegzation o£.the

cells is accompanied.by changes in the protein which tend

to lower their antigenic potency. The actual deterior-

ation by heat for practical purposes may of course by lessen-

ed in effect if the preparation in question have a wide

range over which it may be used. In practice heating to

55°C for I hour gives more assurance of sterility and

diminishes effectiveness but slightly.

(3). unrnons gr PREPARATIO .

A priori one would expect that a true colloidal solution

vould give better results than a mire or less coarse suspen-

sion, on account of the greater surface available for re-

action. Against this must be placed the damage likely to

happen to complex bacterial substance when subjected to more

or less violent disruptive procedures.‘

The various methods may thus be summarised.

(a) Suspensions (the so-called “emulsions") of bactaxia

(b) Autolysates

(c) Solutions of altered protein e. g. in alkali-
meta protein
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(d) Extracts (I) the pipoid fraction

(2) the iipoid-free residue.

(a) SUSPENSIONS,

An ordinary suspension or gonococci in saline with the

addition of 0.5% carbolic acid serves excellently as an ant}

gen. It is capricious in its keeping qualities, and its

anti-complementary properties usually increase with age. Th:

occurs with other preparations also, but it may be remarked -

that if a number of strains of gonococci are kept subcultured-

in a laboratory it is simple to use a fresh suspension each

month. The only obnection is the trouble entailed in an

accurate titration of the new antigen, but in any case this J

is necessary periodically, as the_stability of no bacterial

antigen should be assumed without proof.

The occurence of autolysis has been advanced as an ob-

Jecticn to suspensions of cocci. This does occur, but

after keeping suspensions of gonococci in the ice chest for

over 5 months in 0.9% saline, and also in strong (9%) saline,

it was found possible to demonstrate antigenic properties in I

the supernatant fluid after spinning in a-centrifuge.

This list shows the comparative degrees of haemolysis

in the three tubes (containing increasing doses of cemplemenfi

as obtained with various antigens and a positive serum.
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Fresh'Emulsicn

Emulsion 6/12 old

Supernatant fluid from above

Solution of cocci QZIZ old

It would appear therefore that autclysis per se is not

the cause of deterioration: this would seem to be rather the

instability of the complex molecular structure of the or-

ganism.

The antigens considered in this table were not really

as nearly equal in power as this phase of their activity

would indicate. The older preparations absorbed more 21-pin}

complement than the fresh, and the latter was active in .

.much lower dilutions than the former. The table merely

brings out the possession of antigenic power after a num-

ber of months, and the transfer of such power from the

E.
actual bodies of the cocci to the fluid in which they were

suspended.

(b ) . .Agromrsmns .

some writers refer to antigen containing the “endotoxins'

This term is of doubtful propriety, as the toxic and anti-

genic fractions are not of necessity identical.

Included in the term 'autolysatbe ' are all those pre-

parations made by breaking down the bacteria whether by a.

true autolytic process or by‘a disintegration by heat or.by 
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freezing.

After the contents of the bacterial cell are dispersed

the resulting solution or emulsion is filtered or centri-

fuged, any deposit being rejected. The product as used is

thus extralted from the ihole bacteria. ‘

This may be accenplished in various ways. McNeil (35)

advises heating in distilled water for 2 hours at 55.0 to dis-

integrate the gonoeocci, then oentrifugalising and passing I

through a Berkefeldt filter. This product is a good one,

r -‘

but always of equal value. { Apparently all strains of gono-

cocci do not disintegrate with equal ease. At times the

.organisms require a longer period in order to free their cell.

contents. 2 Though but slightly anti-complementary this anti-

gen does not seem to be uniformly potent. As a rule it is

stable and keeps well for a number of months.

The method of Blake 657) is to use successive freezing

and thawing to produce lysis of the bacteria; Olitsky and

Bernstein (JQJ'autolyse I hour at 60°C and 24 hours at 57°C.

These are referred to later.

An experiment to find the influence of time of incub-

ation at 57°of a suspension on antigenic power is tabled here.

Antigenic dose Ennits of camplen

’ ent absorbed

W

I

Fresh unheated emulsion

Supernatant fluid frcm same

0 .055‘after224 hours at 57° C

ditto af-er da s at 57°C 0 .0‘5 i

-
-
—
.
-
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The influence of longer incubation than 24 hours seems to be

very slight. In this case the suspensions were well shaken

before incubation. I .

A.method ihich has given a very good antigen is as fol-

lows. Heat a suspension 2 hours at 55.0 on a water bath.

The deposit contains bodies resembling gonooocci ihioh still

possess normal staining capacity. Without filtering the

whole is placed on ice and daily shaken for 7 days. It is

then centrituged and the supernatant fluid pipetted off and

filtered through paper pulp and preserved with 0.5% carbolic.

(c). SOLUTIONS or Gonococcx.

 

As the gonococous, like most Gram-negative bac—

teria is readily soluble for the most part in alkali, a

neutralised solution of its metaproteins-and pipoids ob-

tained in this way has been employed. Merkwijew'($3) and

Thomson (’7) have advised respectively a solution in anti-

formin and decinormal hydrate of soda or potash. It seems

~unnecessary to use antiformin when the weaker preparation

effects satisfactory solution. The cocci do not dissolve

.immediately but do so after incubation for a couple of hours.

The neutralised solution is almost clear, and a small deposit

of the alkali-insoluble fraction falls, but the filtrate gives

a good antigen.

_1 have found this a satisfactory preparation on the sholex

usually of low anti-complementary properties and highly anti-

genic, if a little less so than the original emulsion.

It does not show stability superior to other antigens,
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but its potency dwindles after a couple of months.

 

(d) FRACTIONAL EX? CTS.

N _(I) The ;ipgid tract; g.

warden 65¢), $75) in 1915 recommended the use of tipoid-

al antigens in this test, and has since been a strong ad- 7

vocate of the claims of the lipoids to an important role in

immunity. Some contributions to this general question will

be discussed later.

As the defensive mechanism of the body against the gone- 7

coccus seems to be,in the end, bactericlysis, it is not im-

possible that an antigen consisting of part of the organism

_,...
alone will react with the antibodies evoked by thg invasionfi;:’vk'

Extracts of gonoceoee made with alcohol, ether (singly 1~ig

or together) or with acetone, will all display antigenic i

power as Judged by the C'F° test. (It is understood that 1“ f;

 

» where by “antigenic capacity” is imjlied the power to evoke iii

an antibody response in an animal this is specially stated.’. ”:3

The power to act as an antigen in a reaction in vitro may be

identical with this, but such is not assumed to be the case)¢

In preparing such extracts the bacterial mass was shak-

' 'en thereughly for iv hour with the solvent-and allowed to

stand overnight. This was repeated several times, after

spinning and saving each supernatant. The lipoids were '

evaporated free of their solvent and taken up in ether.

By re-evapcratien and solution in alcohol and filtration

after centrifugalisation the product must contain ii: any)‘ ,
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too small an amount of protein to possess antigenic_power.

It was emulsified in saline for use.

It was found that it could fix complement with the serum
containing antibodies for the gonoooccus, but was interior to

othertpreparations of the whole bacteria. warden claims a

special sensitiveness for a lipoid antigen. Perhaps the

i‘aot or its me: solvent being alcohol may ensure some de-

gree of stability, but I have not found it preferable to

others.

‘ (2) 3;; lipgig-freo residue.

The residue obtained after the above treatment shows

much superior qualities. Several workers have used with,

success a lipoid-free antigen, e.g. Park a Williams (5?), 'r =

Priestly (36), Smith and Wilson (29). These workers have. ’

extracted with alcohol and ether. I have used with very

satisfactory results acetone as the extracting agent, and

recently notice that Douglas and Fleming 6??) have publish-

ed some observations on the high antigen capacity ( as Judged

by the results of vaccines and of immunisation experiments)

of acetone extracted bacteria.

After extraction they may be used as a suspension, or

disintegrated so as to korm a true emulsion or colloidal

solution. The process of removing the lipoids denatures

the protein to some extent, so that true solution of the

original bacterial protein is probably not attained. Park

and Williams heat the defatted organisms to 80°C to extract.

their substance. This produces a good antigen: perhaps 
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the somewhat untoward results or the high temperature are

counter-balanced by the greater degree of disintegratdbnrn

effected. It seems unlikely that 3333 autolysis should

occur after subjecting the bacteria to the action of a

protein precipitating agent, but solubility of protein is

after all relative,as Schmidt 63?) has pointed out re-

cently in his studies on denatured protein in imminologic-

al experiments. He has shown that protein dry or in solution

subjected to heat can still produce antibodies in animals

in spite of denaturation.

I have found the lipoid-free antigen compares very well

Iithrall other preparations as regards potency and low anti-

ccmplementary value, and is better than the majority as re-

gards stability. ’

Most of the above observations on antigens must perforce

be relative. It is possible to make“ many experiments

under exact conditions and yet not obtain so-mnoh tntorm-

ation as by one's general experience. The consistency

of the results obtained in the weekly routine tests on.

patients' serum, the presence or absence of the lsriousrifi

annoying obstacles so abundant in C.F. tests, the ease or

difficulty in the reading of the tests; these things are of

the greatest weight in assessing the value of such an import-'

ant constituent as an antigen.

But in addition some comparisons of various preparations

studied under identical conditions are of interest.

Luxuriant 48 hour growths of 5 strains of gonococci
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were carefully washed off with a minimal amount of normal

? saline. The resultant thick suspension was subdivided,

E and different antigens prepared from each aliquot part:

I these were then tested alone to ascertain their anti-complement-

ary dose, and also with a dilution of 1/10 of the horse

anti-serum valent for these strains only to find the anti-

genic dose. Even these determinations are only relative,

.as different complements alter the absolute results, but

they serve well to compare the different preparations.

mhe following were the methods employed in preparing

the antigens tested.

I. Fresh saline suspension was heated I hour at 5500.

u_‘ 2. A suspension was autolysed 2 hours in aq. dest.

i at 55°C centrifuged; filtered and made isotonic

5. A solution was made (with the raid of incubation V

I hour at 57°c) in N/Io Na on and neutralised

with N710 H c1.

i» 4. The supernatant fluid was obtained from a suspension

4 autolysed on ice for 2 weeks with frequent

shaking.

§.' Gonococei were boiled in a 5% solution of antiformin

in distilled water till dissolved, and the

solution was neutralised with normal Hal.

Several volumes of 95% alcohol were added and

the deposit separated by the centrifuge. The

supernatant fluid was used-- Method of.Krum-

weide and Noble (59). 
\ i"



 

"(41)

After autolysing a suspension in water at 60°C'

I hour and 24 hours at 57°C and then oentri-'

fuging, the supernatant fluid was made iso-_

tonic-- Method of Olitsky and Bernatein.(519.

Gonooooci were dried at room-temperature and ex-

tracted for 5 days at room temperature with sues

cessive quantities of alcohol and then other.‘

To this extract was added excess or acetone,‘

and the residue after filtration taken up with

equal parts of methyl alcohol and ether, allow-

ing this to evaporate to small bulk at room

temperature. It was emulsified in saline

for use.

Dried gonooocei were ground with a glass rod, ex-

tracted 5 days at room temperature with sue-

cessive quantities or acetone: the residue

was dried in the incubator, finally washed .,

with acetone, re-dried and ground up with

saline and shaken 50 minutes. This suspen-

sion was heated 1 hour at 56°C and stood on

ice for several days, being shaken at intervals

After spinning the supernatant fluid was used.
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Antigen mama). dilution fixing Minimal dilution binding
5 M.H.D. complement ' 5 M,H.D. complement

No. with positive serum alone

 

1/10.

In this table it will be seen that underithe conditions of

this experiment the acetone extracted residue was as potent

as the original suspension, while it was much less anti-

complementary. The two autclyssd preparations and the neutmll é

solution in alkali were next in order of merit. '

these results were given by readings taken when all con- i

trols were haemolysed, and after IS minutes further incubation

On prolonging the period of incubation still more it was

found that those antigens which gave the most permanent bind-

ing of complement with the anti-serum were placed in the same

order as that given above.

To summarise: it is found that a simple suspension of

gonococci in carbolised saline constitutes an efficient anttcenrfl 



 

V at least not decreased: the keeping qualities appear to be

fifllincreaeed thereby, as the lipcid free antigen after some '-

months of keeping does not display the same degree of in-

dependent affinity for complement as the suspension.

With regard to all watery solutions or suspeneicne it

should be noted that infection usually takee place unless

0.5% carbolic acid be added: This is better than a capillary

drop of lyeol recommended by some triters. A non-sterile

antigen, like a contaminated sample of serum aheorbe re—

latively large amounts of complement and therefore cannot

V be used.
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iv. 1 CLINICAL' APPLIGArxons.

A study has been made of the clinical aspects of the

C.F. test in gonorrhoea, chiefly in the male, since objective

information, though often difficult to obtain, is at least

less unreliable than in the female.

The points for elucidation were the value of the.test in

diagnosis and prognosis, its place in the standard or cure,

and its relation to the bacteriological tests. Involved in

these considerations is the interpretation of the test.

Tram August 1920 to December 1921.410 patients have been

studied, and over 500 of these have been under observation

for periods of several months. In the remainder only one

serum examination was made: this was due to several causes;

firstly, in a number of these cases a single test was made to p

ensure that a positive C.F. response was being obtained in

the presence of frank complications; secondly, in a few a

single test-was done to give additional evidence of none I

infectivity in patients returning long after their cure

had been pronounced ( for instance When they contemplated

marriage ); and thirdly, a certain proportion of out-patients

in a venereal clinic belong to a floating population and

yanish.

Most of the patients were seen at Sydney Hospital

Clinic. a few at Royal Prince Alfred Hospital and a number-

at the Coast Hospital. As far as possible those patients.

..-i
‘v‘
u

were selected for test whose clinical condition see most_:illn’}
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thoroughly examined, i.e. there-rectal examination, sounds;

or urethrcscope were employed.

In 75% of the cases several serum tests were made at'

verging intervals and in those where doubt existed the test

was repeated within one or two weeks. In all cases the

same routine was observed. A clinical history was taken

and kept, and the sera were tested without reference to

these data. The results of the tests were compared with

the history and past records of tests and where it appeared

to be indicated for any reason the test was repeated de novo.

In this way it was sought to discover possible errors of

technique and arrive at a correct estimate of the meaning of

the Serological findings.

- Selecting those tests whose accuracy could be checked

by clinical observations the results work out as follows.

Strongly )oeitive sera ' 88 -- 11%

Positive sera 9~+ to +- ) I90 -- 25%

Feebly positive sera, including ‘
the class usually called 226 -- 28%
“doubtful" .

Negative sera 508 -- 58%

 

Sera described as strongly positive here are those which

will completely inhibit lysis in all three tubes in the

technique described above. The second class includes those

which cause complete inhibition in at least one and less then-

three tubes. The third class includes all cases where there,

was definitely demonstrable deviation of complement, up to

complete inhibition in the first tube.
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It will be observed that it is of great importance

- to use a sensitive technique when it is realised that only

in some Ilfl of cases was the reaction very strongly marked.

In fact the serumnv rarely shows the same affinity for

complement ( in the presence of the appropriate antigen )

as in the Syphilis reaction, except after the artificial

' exaltation of the immune response by vaccines or antiserum.

In the above cases the concordance with physical signs

and with bacteriological tests was greatest where the C.F.

response was most intense. thus:--

Degree of Reaction f Concordance with other methp

ods at time of test.

 

strong ' E 92%

Moderate -% 90%

Feeble j 82%

 

In all cases which could be followed up the positive

C.F. finding was confirmed by the subsequent investigation

or history of the patient. There was only one case where

a marked response was given by the serum which Inn-stead 't;o

uh qnite_inaseura$e._. thereawus noieuspieisnrsrssny gonorr-

heehlhl infection in this patient, who was suffering from

Acne Vulgaris. and a re-test of the serum a week later 7‘

failed to elicit any response whatever. Here it seems liked; ;

ly that the serum was confused with another or else a gross '

error in technique committed.

or the 598 negative tests tabled above there were 22

test '

cases where the result of the firstfl‘roved inaccurate as
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Judged by the clinical and other findings. Putting aside

ttehniqji error it is found that subsequently a positive

test will be yielded by the serum in such cases, and I

have not found a case where the serum test remains constant?

ly negative in the presence of an undoubted infection. Even

though the response may be feeble it may always be elicited ‘

at some phase of the infection.

In the remainder of these cases the clinical bacteriology

ical and serologocal findings tallied.

The blood of 26 persons who were apparently free from

gonococcal infection was examined: in every case there was no

ibinding of complement observed with a gonoccocal antigen.

The core of I8 patients under treatment for Syphilis

was tested: in these the wassermann test was positive bnt

no gonococcal C.F. reaction was obtained.

I The tonoccocal serum test is specific, and for all prac-

tical purposes a positive test means an active; latent or re-

oentlyfi existing gonoccocal lesion. The question of spec-

ificity will be reverted to later.
I

Where complications arose, metastatic or otherwise, in

the course of a gonorrhoeal infection there was a high pro-

portion of positive tests, shown in the following table.

' Only cases are included here where there Ias satisfactory

evidence that the particular lesion existed at the time of

testing, and multiple tests on the same patient are excluded

-from these figures.
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G.F.Positive 0.1.Negative rota  
firestatitie 160

Epididymitis and Orchitis 55

Arthritis‘ 21

Iolliculitis and Urethral ,

, infiltration , I4

Vesiculitis 25

Proctitis 2

Balpingitis

It will be seen that in the presence of an undoubted

 

complication the serum almost invariably responds to the

C.F. test.

The question of how early in the disease the reaction mqyf

. be demonstrated has not been investigated to any extent in

this enquiry. It is not of great importance. for the diag-

 

nosis is more simply node by other means. Where the area.

of infection is strictly delimited e.g. to the anterior urethnu»:

it is agreed that the serum does not usually respond. Of ;3

IO such cases tested only I gave a response: and that feeble. L

iiiEven as a test of sensitiveness of the technique employed it 1;;-

is fallacious to inquire how early the reaction may be elicit-

ed, as it is acknowledged as a matter or extreme difficulty

to say when the infection ( in the male ) invades the pos-

terior urethra. I V

In a few cases I have obtained a definite positive re-

sult iithin the first 14 days. = As a rule it is only after
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this time that the serum contains demonstrable antibodiesi

'but as was Just pointed out, such cases may be instances of.

early spread to contiguous structures.

Chronic posterior urethritis generally yields a re-

action, though most often cases showing this infection fall

also into the category of prostatitie.

In cervicitis in the female the action may usually be

demonstrated without difficulty,

With regard to early tests it is of interest to not-

ice that a C.F. test-may ehed some lihht on the genesis of

an attack in a patient who has previously suffered from

the disease. If the attack is a recurrence of a previous-

ly latent infection a Positive test is usually found at a

very early stage, so that a definite serum response within

the first week would at least support the suspicion of a.

relapse.
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DIAGNOSTIC VALUE OF THE C, F, TEST.

This test was applied in 204 cases where a diagnosis of

clinical cure had been made. In all these cases the aiandard

of cure imposed was more rigid than that required by the

Regulations under the New South Wales Venereal Diseases Act

(60). - For a period of 2 months or more there was either

no discharge or else merely a slight moisture occaseionally_

in the mornings which on examination revealed nothing in-

consistent with the normal prostatic secretion; no gonoccocci

or pus cells had been found in the centrifuged morning

urine or in the prostatic fluid expressed by massage, there I

were no threads or flakes in the urine, and in 58 cases an

examination with the urethroscope was made.

0! these 204 cases IOI showed a positive C.F. test and

105 a negative: in the latter case confirmed by subsequent

re-test in the majority of cases.

or the IOI positives 44 subsided to a negative after

the lapse of variable times; in I? cases the test remained

positive and the patient was afterwards proved clinically

or bacteriologically to be still infective: xx: in the re-

uniting 46 cases no further information was obtained, owing

to the patients not being seen again at the Clinic.

It will thus be seen that in at least 8% ( and probab-

ly about 15% ) of patients submitted to the above test of

'cure the C. F. test proved more accurate than other methods.

Now it is not contended that this standard of cure is as

:- exacting as is desirable in all cases: as Glarkson (61)
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reunited recently no standard can be too high. 'In fact

where the fullest enquiry was instituted ( e.g. with urethra-

scope, sounds and searching physical examination ) the

d hardly be corrected at all by a serological

ted out that the final test imposed
clinician coul

' test, but it must be pain

on most patients, especially in an ever worked Hospital Clint:

is at best not mmre thorough than that detailed above. A III

serum test in a clinic wastes no time and serves the very

useful purpose of directing attention to those cases worthy

of closer scrutiny.

The cases where help may be afforded by a serum test

fall in the following categories: cases of apparent cure,

where by no means can a gonococcal infection be demonstrated;

cases where there is still an occasi‘nal watery morning dis-

charge in which gonoeocci cannot be found, cases where there

is a mixed infection and the question arises whether the or-

: iginal gonococcal infection has died out, cases where an

E affection such as synovitis or arthritis is suspected as

E possibly due to gonorrhoea though no signs of this are ap-

parent, and early cases ( in the first few days ) where

there is some suspicion of a recurrence from a previous

attack.

The question now arises as to how long after cure a

positive C.F. test nay persist. It has been found by most

observers that the serum response usually persists for 5

months after the termination of the infection, but may be

demonstrable for 6 months. The administration of vaccines ;a 
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may prolong the period a little but apparently not a great

deal. It is agreed also that an acute complication or a

long continued chronic lesion due to the gonococcus will

prolong the period over which a positive C.F. test is given

by the serum.

ely iositive

1d-
It has been my experience that a definit

reaction subsides gradually in its intensity, more rap

ly at first, and later more slowly; at last becoming neg-

ative.

tests with much greater significance than they might have

This falling response invests the final negative

otherwise. A persistent positive test, on the other

hand, after the cessation of obvious signs or symptoms is

of evil omen. If a patient's serum continue to yield a

positive response for months he should be regarded with

suspicion. It is not necessary that such test should be

strongly positive. As will be shown later, even a feebly

positive test, if persistent, may denote the presence of

the gonococcus. It may in the other hand denote a slow .

subsidence of the antibody content of the blood, but such

a finding is a valuable hint to the clinician to investigate

the patient‘s condition more carefully.

In 82 cases observations were made'as to the time taken

for the blood reaction to become negative. Obviously it

is almost impossible to state with any certainty the time at

which the infection disappeared. This coupled with the

lack of regularity in the attendances of patients who are apparently cured makes figures merely approximate. _ However .
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‘the error is probably common to all cases, and should not'vitiate.

' the results to any great extent.

' Of these cases SI were these of complicated gonorrhoea

the lesions being Inbteute or chronic; and the duration was

estimated as nearly as might be. It Ias found that on the

. average the G; F; test became negative in 5.5 months, the

lesions averaging 4.9 months in duration, reckoning the time 3

7 from the first intimation of a complication to the date on e

which no further evidence of such inflammatory disturbance

was found.

In 15 cases where there was a Single acute complication-

snch as orchitis the test became negative in 5 months.

In 18 cases whens these complications could be excluded

the awerage time was 1.8 months.

The intensity of the serum reaction is greater in acute

complicating lesions than chronic as a rule, which explains why -

the times for both types obtained are nearly the same. ‘In some ‘

,cases classed in the chronic group, there the lesion had not

lasted long and yet the blood reaction persisted for a relat-

ively long time, there are two possible explanations. Either

. the subacute complication in question was relatively acute or

else there 'as a fallacy in the estimation 0: clinical cure.

'Ihe results in the 51 chronic cases are presented here in grafih i

form. it will be seen that the longer a lesion persists the.:

longer will the Q.F. reaction be demonstrable in the blood. ‘ \

The graph is obtained by averaging each period of a menth,

and the part enclosed by the circle includes over 70% of the

total number of cases.
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Certainly sometime elapses before a serum examination ‘

reveals the fact of cure -- but does not the same apply to

clinical methods also? It would seem to be a wise pre-

caution not to sanction the marriage of an individual

whose serum gives a positive reaction.

Another question raised-in considering the diagnos-

tic value of this test is its relation to other bacterio-

logical methods. Ordinary urethral smears are admitted-

ly of little use in chronic oases‘ where the organisms of

secondary infections appear and the gonococous, lurking

in strongholds beneath the surface epithelial cells, is

hard to find. Films from the prostatic or vesicular

contents are much more likely to contain gonococei, and

these organisms may also be demonstrated, though less fre-

quently, in the purulent threads in.the first morning urinefiaf

direet‘r examination or by culture. There has been no E

opportunity for carrying out culture as a routine method I

in this research, but some comparison may be made between

other bacteriological methods in use at a clinic and the

C.F. test.

From a series of 159 cases of chronic complicated

gonorrhoea in men the following figures were compiled.

They only refer to cases there microscopical examination

at the time or subsequently revealed the gonococcus.

Therefore theyonly institute comparison in cases of ex-

isting infection on the results of a single examination
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[Gonococci found in [No Gonoceoci found in

!

     

UOD.
M.U.

UQD. P.M. M.U.

   

P.M.

C.F. Positive

  
C.F. Negativej

U. D. -- smear from urethral discharge.

P. M. -- “ after prostatic massage.

M. U. -- film from centrifuged first morning urine.

- In many of these cases the condition was latent, and there

was practically no demonstrahle dischargep hence the num-

ber of examinations of simple smears is small.

These results may be summarised as follows. As the

result of one examination, and considered in the light or

the later history of the patient, ‘

 

Microscopic examination Positive g

C.F. Test Positive 50% _

Microscopic Examination Negative g ‘ i

C.F. Test Negative 235% ;

Microscopic Examination Positive 3 i 7,;

C.F. Test Negative 5% . 1%

Microscopic Examination Negative 3 7

C.F. Test Positive 42.5%

It is not suggested that any great-importance would be at-

tached to single neiative examinations for the gonococcus,

but the use of’a serum test might obviate a certain proportigns

of the weighty labour of repeated routine examinations of. "L

smears. The examination of urine deposits in particular ‘Lé

notably furnishes less positive results than that of a “

prostatic smear. It may be remarked also that although
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TEE £§2§E§§EIQIIQN OF A EEGAQIVE EBIACTION.

This may be due to a number of causes, viz.,

(I) 'a failure of technique, swing in general to lack

of sensitiveness in the method employed, and often in

particular to an imperfect antigen,

(2) a delimited area of disease in a mild infection,

(5) failure of the patient to elaborate antibodies due

to low power of general resistance, ‘

(4) a temporary negative phase e.g.-after vaccines or

as the immediate result of sudden exacerbation or meta-

stasis as noted by Irons (51), or due to imperfectly

understood causes such as perhaps, an intermittency in the

stimtlus to or response in antibody production,

(5) possibly the establishing of a local tolerance by

a chronic infection by an organism of low antigenitic

power ( to the individual patient ) with a consequentlyf'

slight or tnawpneciahle immune response,

(6) an infection by organisms other than the gonoccccus, or

(7) Cure.

the first cause can largely be eliminated by care and ex-

perience. Where the case under investigation is one of ap-

parent clinical cure repeated negative tests are of con-

siderable value in estimating the genuineness of the"eure'.

. One negative is not sufficient, apart fans the chance of

, technical error, as it may be due to the other causes

suggested above. It is in these cases that some form of
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provocative test is useful, of the mild order such as sounds

or prestatic massage, er of the eeverer type such as injection -

o£ vaccine or instillation of silver nitrate, if these lat-

ter be thought Justifiable. A single dose of vaccine: would

hardly produce a reaction if at all in the blood of e nor-

mal person: in the subject of a latent gonorrheea the re-

eponee is well marked.

Bearing these points in mind a negative test must bev

regarded as distinctly helpful, particularly if it be pre-

ceded by a gradually felling reaction.

The C. F. test in gonorrhoee has this in common with

all such laboratory tests. Apart from its inherent limit-

etiene it must be interpreted in the light of an understand-

ing of the phenomena of inmnnity. and must be regarded as

an additional link in the chain of evidence and not as an

easy solution of the difficulties of the clinician.
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W

It has been remarked by Dixon and Priestley (loo. cit‘)

and others that patients do not do well till the reaction is

strongly positive. Certainly in the presence of a frank

gonooocoal infection a strongly positive 0.3. reaction is a

favourable sighs The subsequent gradual subsidence of the

reaction to a negative in such a case is of happy import

also,as stated. But the conjunction of a clinically severe a

or intractably chronic gonoccccal infection with a feeble

serum response in not of seed omen. There is a type of casev

where a chronic gonorrhoea ( e.g. a prottatitis ) is ac-

companied by an invariably weak 0.3. serum that.» This is

the type which drags on month after month, and may persist

for years, never appartntly severely affected, but never

quite well. .

I have observed 45 cases of chronic gonorrheea, mostly

cases of prostatitis, shore the result or the serum test was

classed as feebly, partially or doubtfully positive, or even

as incompletely negative on repeated examinations. Nearly

all these have been watched at intervals of months, during

which time they sere merely receiving a routine clinic treat-

ment. Onlthe average 5 tests were made at interVals on each

patient, and in a number of cases as many as 5.

It is because of this that cne cannot say that any in-

dividual is free from infection who is apparently cured and

who still continues to have a feebly positive report re-

turned on each examination of his serum.
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Recently Thomsen and Vollmond (62) have described types

of gonococci corresponding in some degree with the various

clinical types of infection. It may be that in the above

cases the infective agent is of active or potential virul-

ence to such patients but is yet to them of low antigenetic

capacity. In such cases the indication is to raise the

general and specific resistance, and vaccine therapy should

be of value here.

An instructive illustrative case is that of case 248,4

who on the occasion of the first C.F. test had been under

treatment for 8 months for gonorrhoea complicated by chronic

prostatitis. On 7/7/21 he had no discharge for 6 weeks,

no gonococci were found in prostatic secretion efir morning

urine deposit. The C.F. test was “incompletely negative".

0n 28/7/21 the test was feebly positive; one month and

two months later the result was the same, there being no

gonococci found on search as before. Thus for 4 months he

presented no sign of infection, and the C.F. test yielded

a persistent feeble response. On 5/10/21 without further

exposure to infection he was suddenly attacked with an

acute gonocoocal polyarthritis. The C.F. test then became

strongly positive. This patient was treated with anti-

gonococcal serum and made a good, and so far complete, re‘

covery. .2 “

Brief accounts of several other cases are appended here

to illustrate various points referred to above.

Case 5;, Genorrhoea contracted 4/2/20: posterior urethritis '

and ( 6 months after ) stricture. Treated by dilata’don: 4 3
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4 months after appeared free from infection: no discharge

5 months: urine clear: prostatio film normal; C.F. re-

mained strongly positive. Three months later occasional

return of slight mucoopurulent discharge, with a few flakes

and small purulent threads in the urine. Urethrosoope '

showed active inflammatory changes in an infiltrated area

of the urethra. I

Case £41. Chronic latent gonorrhoea for several years,

with reorudenoenscs excited by alcohol. These were only”

of the nature of a watery I‘gleet". It was questioned

whether this patient were still really suffering from

gonorrhoea or from a residual mixed infection. A pos-

itive C.F. test was afterwards confirmed by more rigorous
\

bacteriological examination.

case QQL .( Showing fall from positive to negative ). Anter-

ior and Posterior urethritis: urethral abscess 5/12 previoudb

ly. C.F. strongly positive: no gonococci found in pros-

tatic film.

L/Iz later: Still no discharge, urethra normal, C.F. positive

5/12 later: Quite well, nil found in prostatic or urine de-

posit films: C.F. feebly positive.

2/I2 later: Few mucous threads in urine no gonococci found

I in film or culture. 0.1. negative.

2/12 later: Quite well: C.F. Negative.

Case 144. Patient treated for frequency of micturition and

pain: pus in urine:' prostate large and tender: no gonoeocoi 
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found in prostatic secretion or urine deposit: no urethralL

discharge. He positively denied not only_the possibility
of infection but even any history of urethral discharge.

0.3. Positive. A week later he admitted infection some

months previously.

Case 554. Husband two undoubted attacks of gonorrhoea in 6/12

cause not known. life on examination has slight endo-

cervicitis of indeterminate nature: C.F. of latter's serum

definitely positive. may gr 2 mm In . use
It is doubtful an n if treatment per so has any effect

encept in so far as it advances the cure of the patient. As

i the patient's resistance rises his C.F. reaction becomes - -,7_
: strongly positive and then begins to become less intense ( in

I the event of successful treatment ) as the infection dies out.

Ordinary vaccines increase the intensity of the reaction .

slightly when given in large doses: detoxicated vaccines _ 5?

cause a large rise in the hypothetical complement-fixing

bodies, though the connection. between this response and

clinical improvement is still doubtful. .
E The administration of anti-gonoooocal serum also causes

" a strongly positive reaction, and the application of the C.F.

test to the control of serum therapy will now be discussed. %

This forms the basis of an enquiry which has been started in 751  
order. to ascertain the exact status of an antiserumin the
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v1. Humming or c, 3, ms.- 39 em m.

As it has been established that the gonoeoocus falls

into a nudber of serologically distinct groups. as evid-

enced by the work of Torrey and of Thomsen and Vollmond

-( loo. cit.) and recently-of Eernatis¥%(65). it is pre-

sumably necessary to represent all possible types in the

strains used for preparing an antiserum. That this is -

necessary is supported by the opinionot Ilexner who main-

tains that prevalent strains should be used in the making

of an efficient antiwmeningooocoal serum. Calderola (64)

bases a similar opinion on a recent serological study of

the meningo-coccus and its near relatives.

The classification of gonocoocal types cannot be regard-

ed as settled definitely, and the Australian strains have

never been typed. Therefore, thanks to the interest and

help of Dr. W. J. Penfold a.special serum was produced at

the Commonwealth Serum Laboratories in Melbourne. using 5

strains only to immunise a horse. The animal employed for

this purpose had not been used previously for the produc-

tion of anti-meningoooccal or ~gonococcal ears. The

strains were freshly isolated in.Melbourne from.cases'of-

active gonorrhoea.

This serum is of high agglutinative titre for all strains:

and also shows a high content of immune bodies by the G. I.

test. The 5 strains have been kept continuously suboulturedf

both inhnelbourne and in the Sydney University Pathological

Department, so as to ensure a fresh and active antigen for 



(65)

the necessary tests.

.The patients selected for treatment have been suf-

fering from acute or subacute camplications of genorrhoea.

Prior to treatment a serum examination has been carried out

in each case, a 0.3. test being performed (a) with the

special 5 strain antigen (b) with antigens prepared frcm at

least 10 distinct local strains. In this say it was as-

certained which patients fell within the category or those

infected by a strain serologically homologous with the strains .

represented in the antiserum.

_.Up to the present 50 patients have been tested for this

particular purpose and serum treatment has been instituted.

All of these have been suitering from acute ( or in 4 cases

subacute ) complications of genorrhoea and their serum in

each case has given a positive 0.3. response to a )elyvalent

antigen. In 8 of these the-response to the antigen made

from the selected 5 strains only-has been absent or feeble.

Where the response hee—been—dllénéte has been definite with

the truly polyvalent antigen,and absent, indeterminate,or

feeble with the limited antigen it has been deemed correct to

regard the patient as infected by a strain serolcgically

distinct tram the chosen group.

' The other 22 patients have yielded a strong serum re-

sponse to the 5 strains, in 4 cases a greater amount of cum-

plement being bound with these than with the larger number.

the question of the value of anti-gonceoccal serumOin

treatment will not be dealt with at length here. But on

the whole the results have been encouraging, and shile it acre
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cannot be claimed-that serum treatment will cure, in the

sense of clearing up the cause of the complication ( e.l.

the urethral infection ) it undoubtedly has a well marked

ameliorative influence on the complicating lesion. Thus

_ the pain and local inflammation of ealpingitis. orchitis,

epididymitis or arthritis rapidly subside in most cases, and

especially in the last named condition is the patient's re-

covery accelerated. In all such cases allowance must be.

made for the improvement caused by rest alone - a difficult

factor to estimate. In several cases of acute prestatis}\

-the symptoms rapidly subsided, and two patients with acute re-

tention of urine did not need a catheter after the first dose

of serum.

But it is with the serological aspects that the present

enquiry is most concerned. One naturally demands the ef-

fect of the administration of entigonococcal serum on the

serum response of a nonmal individual.

In three cases the special 5 strain serum was indected

subcutaneously into persons who had no history of.a gono-

eoccal infection and who showed no signs on examination. Int?

Previous blood examination failed to elicit a 0.3. response

to a gonococcal antigen in each case.

It was found that IO 6.6. of this serum injected sub-

cutaneously into an adult male or female produced a definite»

C.F. response which uas easily demonstrable as a moderately

strong reaction 7 days after and as a definite though weak

reaction 14 days after.

In a child °£ 11 years Of 386 5 0.0. of serum produced a .1;
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definite reaction within 7 days.

the writer produced a demonstrable though feeble re-

action in his blood serum by taking 50 0.0. of serum by

mouth fasting. This was detected as a feeble positive

test within 48 hours and began to subside after 5 days, in

IO days failing to respond to the ordinary_technique.

Hewlett and Sternberg (65) and Ayiragnet esc'

others (66) have failed to confer immunitggtetanus and

diphtheria by the administration of antitoxin by mouth,

but it is not contended that the transient appearance of

complement-fixing bodies in the blood means the coincidence

of immunity. ,
The effect of the serum when administered to patients

suffering from gonoccccal infections was to enhance great-

ly the intensity of the 0.3. test given by their serum.

After a total of 50 c.c. or over this was well marked, and

after 75 c.c. had been given in 4 doses it was found that

the blood reaction resembled the positive wassermann test

as regards intensity.

This high grade of intensity inlthe reaction does not

persist for long apparently, and begins to fall within I4

days: as yet it is too soon to say when it disappears.

rho result in the case of those whose infecting agent

did not fall; in the 5 strain category was also a definite'

increase in the strength of the reaction, but hardly to the

same degree as in the others, so it seemed;

The clinical results in both groups are given in the
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appended bible. It will be seen that the degree of im-

provement in the first group is much greater than in the

second. The relapse of two cases in the second is of

great interest: although the number in this group is small

as yet the findings point to the necessity for an antiserum

to be serolegically specific. Although all antigonococcal

sera used for treatment are prepared from many strains

there has been lacking clinical and serological proof that

‘typing of the immunising strains is necessary to ensure the.

true polyvalency of the serun,/’/The difference in the re-

sults of treatment in the two groups may best b1.summaris-

ed thus. There was improvement due to rest and nursing in

most cases of both groups ( the great majority being in-

~patients of Hospitals ): there was also a noticeably great-

er improvement and freedom from setbacks in the process of

recovery in the first group of cases. In several cases in

the first group there was an undoubted rapid and marked change

for the better clearly folheiing the serum: in the second

group no such clear-cut change was noted.

This investigation is still proceeding, and it is hoped to

add to these results; in particular to extend the number of

Group II cases/a control.

Even up to the present the value of a serological investng-‘

ation in this breath of therapeutics is indicated.
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strain.§strain.
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name 1
}
Serum. : Result.
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i
i

Gro co t. ,
Eesion p.335 30.3.10 Sermn ! Result

. Lstrain : strain 5
I 1

Prostatitis ‘ Almost complete re-
Acute + ++ +++ 50 c.c. solution in I4 days

Prostatitis V '
Acute ++ + + 50 0.0. ditto

Arthritis +4» +4. Swelling Joints gone:‘
periartieular thick-I

50 c.c. ening much less: Ink,-
ing well I4 days

Epididymo- Qnepid cessation of
orehitis ‘ +++ +++ 20 c.c. ipain and swelling

Orehitis +++ +4. 20 c.c. ‘Preotically subsided
~ :14- days: no discharge

Orchitis +++ +‘++ .Pain relieved at once:
20 0.0. swelling quickly sub-

: sided

Epididymo- Some improvement swell- ‘
orchitis + + + + 20 c.c. ins persists without ~

- ipain 14 days after

Epididymitis +4. , . Rapid relief pain a:
, + + 20 0.0. swelling

v Epididymc- 1 Q
crohitis +++ i + + 320 c.o. ditto
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hummus. i ; ++ 20c.o. lie e‘bfloul ethane:-. ‘ g . ter 5 weeks resolution
a f ‘ incomplete! %

Prostatitis ‘ :t z + 25 e.c. unchanged
eubaoute

Cox-1101151: as} 1 +4, 40 e.c. Temporary immanent:
Selpmsitieg rapid relepee in tube].

swelling

Arthritis 1: = +++ so e.c. Definite but not rapid
I hprevment

Subaonte Prue;r :t 3 ++ 30 0.6. Here Benton en Ian'-
tatitia ac Arse“: g - lag: predate. unehm
thritis }

l .

Epididymiti 2; g ‘H' 50 3.0. Temporary amusement
I relapse after 5 day:

Arthritis ’ 3‘1 ; + 50 o.c. Improvement in Joint:
} , but relapse in other
1 Joint: after 10 days

Epidmymum i ++ : 20 c.c. Gradual improvement:
! I thiekeningpreaching
3 slowly1

1 ;
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VII. sans aspncrs or THE GENERAL :ggggznt RELATIONS

' or was aonococcus.

;‘_Warogp gelations.

The close relationship of the Meningococcus, Micro-

coccus Catarrhalis and Gonococcus is well known, and it

is obvious thetthl the question of Specificity of the

C.F. test in gonorrhoea may arise. The serological dis-

tinctions between various individuals of each family in

the group are readily observed, but there is a certain

group relation more or less common to all. Thus, if an

animal be highly immunised to one member of the group a

C. F. reaction may be elicited with antigens composed of

the other members.

Antimeningococcal serum gives a strong reaction with

a gonococcal antigen for instance. This serum is sometimes 7

prepared for the market from animals used previously for

tonococcal serum, but rabbits infected with the meninge-

coccus also shew a reaction to the gonoccccus. To ascer-

tain if this held good for the other well known related

organism, the M. Catarrhalis, I have given a rabbit repeat-

ed intra-peritoneal injections of this organism. Arter- .

5 inJections of increasing strength the serum yielded a ‘ ‘é

marked C. F. reaction with a Catarrhalis antigen ( suspen- :

sion’in normal saline ). A well marked though less strongzlfté%
‘ i

‘

1:.3

reaction was also obtained with a gonococcal suspension as

   antigen.

Conversely a potent anti-gonocecoal serum will deviate
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complement in the presence of either the M. Meningitidis

vor M. Catarrhalis.

. The reaction described in the animal injected with

I. Catarrhalis is due to ''group" sub+tances. That this

is so was proved in this case by agglutination tests. It

was found on test that the gonocoocus absorbs only the

gonococcal agglutinins from an anticatarrhal serum, where-v

as the catarrhalis absorbs all agglutinins.

In the case of the meningoooocus there is but slight

practical bearing on the diagnosis of gonorrhoea. Some

observers as noted by the Medical Research Committee (19)

and subsequently Bell and Harmer (67) have demonstrated

deflection of complement by a gonococcal antigen in the

serum of patients suffering from meningitis, but others

have failed to do so. But there is no serological pre-

blem in diagnosis presented here, as the diseases in ques—

tion are quite distinct.

It may be remarked that there has not been complete una-

formity in the results obtained by different workers in ex-

amining the cross relationship of these two organisms in

_
later

immunised animals. Though wellstein (68) like most/berksrs

demonstrated C. F. with anti-m¥ningococcal serum and gone-

coocal antigen and vice versa. fanned (69) did not confirm

this. The latter did not use a suspension of cocci for his K

Vantigen but an extract prepared almost indentioally as

IcNeil ( loc. cit. ) described his antigen for use in the

clinical test. McNeil also noted that this preparation will

tugéas.
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not react with a polyvalent antidmeningococcal
serum; and

Arkwright (70) observed that extracts of gono- or meninge-

cocci were less satisfactory
as antigens than plain suspen-

sions when doing similar work. McNeil claims greater speci-

ficity for his antigen on this account, but it may int he al-

together due to this, as the antigenic potency of the organ-

isms is lowered somewhat in the course of extraction.

I have endeaVoured to prepare an antigen which would be

in this sense more truly specific than the ihole bacteria

frcm Which it was derived, but without success.

With regard to the I. Catarrhalts it is possible that a

different question may arise, viz., as to whether it could

cause an infection which might cloud the diagnostic issues:

I, Thomas Ivy and B irdsall (71) (72) have reported the

demonstration
of a C. F. reaction in a few cases. using I.

Catarrhalis as an antigen. This hardly detracts from the

value of the test . If one could find a positive 0. F. test

for the Catarrhalis organism in a patient suffering from a

respiratory infection and at the same time obtain from the

same serum a positive C.F. test for the genococcus a new

element of doubt would enter. I am not able to bring for-

ward any such proof. Probably it would be necessary to

employ many strains of Catarrhalis and examine the serum of

many people in whose sputum the organism is found. It is

not certain to what degree this organism is paflbgenic,_and

proof would be required that the infections where it is found

evoke an antibody response. In the animal experiment ifs-
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described above a gonococcal fixation test was only demon-

strated when the animal showed ski-I138: a high grade of

immune response to the I. Oaterrhelis.

Bone writers ( Thomas, Ivy and Birdsell (7I) and Gurd

(75) ) declare that this ooccus is round in inflammations

of the genital mucous membranes: whether this finding

corresponds to that of Gougerctt(74) who states that the

gonococcus can exist seprophyticslly in its usual habitat

without demonstrable lesion, might be considered.

But this any be laid down: if the M. Catarrhalis can

cause confusion in the serological diagnosis of gonorrhoee

_it could only do so if the antibody response evoked by it

in the patient's body fluids were a strong one. This

seems very unlikely. In practice no case has been met

with where the factors Just discussed have caused confusion

so far as could be ascertained.

..
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2. m HUMAN 3091's mgnon or DEFENCE AGAINST tum

. GO 1? o c o c c g .

Certain suggestive points have been raised in the

course of this research.

_(a) .m gflle a; the lipgids in imam.

Only the fringe of such a bubdect. can be touched here.

warden (54)(55)(75) has reported good results from the use

of a lipoidal antigeqdn the gonocoooal C. F. test, and Kelly M

(36) has recently employed the same preparation with satis-

faction. MoNeil (loo. cit.) has not found such antigen tgv

be‘epeoific.

' Meyer (76) produced C. F. in the serum of rabbits in-

Jected with-the acetone-insoluble lipoids of taeniae, and

though Thiele and Embleton (77) fouhd_that the lipoids were

non-specific and hence concluded they could not act as '

antigens, they confirmed Meyer's finding. The same Anthems?

(loo. cit.))found that the removal of lipoide did not hinder

precipllltien or C. F. in tlnunelogieal experiments, a con-

clusion confirmed by Vannod (78) who produced agglutination

in rabbits by injections of nuclei protein obtained from . .

gonooocci; but they finally concluded that purified phos-

phatids cannot act as antigens in Bordet—Gengou reaction.

These writers in later work (79) found no antibody formation'

to the fate or pho‘sphatids of higher animal tissues, but

produced preoipitins from the phosphatids of the tubercle

bacillus.

Bechtold (80) remarks that it is possible that lipoids
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cannot be prepared pure, and that they may be adsorbed by

colloids whose character they may simulate. he says fur-

ther that it has not been possible (I919) to immunise with

chemically known lipoids.

warden and Connell (81) however,claim to have immunised

animals against anthrax with an artificially synthesised fatt'

antigen, identical in composition with the anthrax fats,

previously found by analysis.

It has been established by Wilson (82) and White (85)

.that pure lipoids cannot cause anaphylaxis. a phenomenon

which appears to depend on_protein substances.

Other evidence on the subject is rather conflicting.

Richie and Miller (84) obtained no result from inJection

. of lipoids of sheep serum and ox ccrpuscles; wang (85)

found no antigen int lipoids of egg white or horse serum.

' but demonstrated antigenetic power in those of dry blood.

as evinced by the finding of a Q; 1. reaction in the serum

of inoculated animals. Fink (86) regards proteins alone

as the essentials in an antigen. ‘ warden (55) produced a

haemolysin from the lipoids of red corpuscles, and also

obtained positive 0. F. tests in typhoid with e fatty an-

'tigen.

This, although it seems doubtful if lipoids extracted

from the higher animal tissues  have antigenic power, there

is sufficient eviee§€:?%§ a corresponding further enquiry

into the behaviour of bacterial lipoids.

As pointed out abtve I have confirmed the statements of

warden and others that the fraction.of gonococcal substance
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extracted by lipoid solvents can act as an antigenfin the C.F.

test} . Accordingly I made some further investigation into '

the relative position of this fraction and the remainder

(protein traction) of the gonococcus as antibody producers.

The method of xi: McLean and Thomas(87) for extracting

fats from yeast was used as a basis.

Profuse 56 hour growths of a single strain of gono-

coccus were washed off slopes and flasks of Thomson's medium

with the minimum amount of water. The pasty mass was dried.

in a_Petri dish 6 hours at 57°C and 4d hours at room tempera-

ture. The dried residue was extracted with absolute aldohol,

ground up with a glass rod5'and agitated in a mechanical

.shaker to ensure fine division. The residue-after cen-

trifugalisation was further extracted with equal volumes of

absolute alcohol and.ether. This was repeated with the same

solvent, and again with ether, the remainder being then dried

at room tenperature. Final extraction with alcohol and

gather was made under negative pressure. The solvents were

added together, centrifuged and filtered twice and evapor-

ated under negative pressure. The lipoidal residue was-re-

dissolved and evaporated, and finally dissolved for use in

absolute alcohol.

Emulsions of both fractions were tested with Osmic Acid

to reveal unsaturated fatty acid tlxxmrltltteeompounds, and

by the biuret reaction for protein. The defatted residue

caused no change of colour in the osmic Acid, which was

readily reduced by the alcoholic extract, but this latter
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gave no biuret test.

Rabbits were inoculated intra-peritoneally with each of

- these products alone at weekly intervals: one rabbit was.

also treated with a mixture of both fractions, and one pith

the sheds gonococcus of the same strain. I I

The quantities used corresponded in each case to two pro-

fuse slopes of gonococci for the initial dose, weekly in-

creases of first 50% and then 100% being made.

The serum of each animal was tested for deviation of

complement in the presence of each antigen, i.e. the whole .

bacterial substance. lipoidal and non-lipoidal fractions.

The antigenic power of each preparation in C. F. Tests was

confirmed by prelilinary titration on anti-gonococcal serum.

and the dilution used was not greater than one third of the

.ascertained anti-complementary dose.

After the fifth injection the most definite results were .

obtained: these are given below. The result obtained from

the animal treated with both entracts followed that of the

rabbit inmunised to the whole gonococcus. It is not further

" considered here.

The technique of Thomson was followed in the tests; and

'two dilutions of each serum were tested.

The table shows.the results expressed in haemolytic

symbols‘ -

The Sera called A. B and C are those respectively of the

animals injected with lipoids, non lipoideand whole gonococci.

‘Tubes I, 2 and 5 contain respectively 2%, 5 and 5fi-M5H.D.

complement.
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Suspension ofLipoid-free

GonococciAntigen

  
    

Serum

Tube Antigen
  

No. of [ Lipcid

 

 

 

 

Thus the lipoid inoculations evoked a C. F. response to the

whole bacterial substance and slightly to the lipoid fraction,

but none to the lipoid-free portion. 1 I

The non-lipoidal fraction caused a serum reaction with

'its own antigen and with the whole gonococci; but none to a

lipoidal antigen.

Both antigens react with the immune serum produced by

injections of the original bacteria._

Thiele and‘Embleton in their work referred to above ob-

tained similar results with tubercle, but found that tubercle

phosphatids evoked a response not only with the phosphatid and,

, with the whole tubercle antigens but with the fat-free also.

In the present instance the failure to elicit a C. F. reaction:

filth gonococcal protein alone in the serum of an animal "im-

munised" with gonococcal lipoids would seem at least to



 

(81)

indicate that little or no protein was present in the al-

coholic extract. The degree of ”immunisation" may not

have been so great, or perhaps the case may not even be

paralel?\with that of tubercle, an organism richer in fatty

substances, and with certain affinities to the higher bac-

terial forms. I

.Tests were also made with the sera A and 3 against an-

tigenSeonsisting of suspensions of M. Catarrhalis and

Meningitidtl. Serum A showed a slight reaction with both:

the reaction of serum.B was doubtful in each case, and in an.

ordinary test could not be classed as positive. This would

indicate that the lipoids are the less truly specific por-

tion of this organism. '

The conclusions drawn from these experiments are:-— 1'

(I) that the gonococcus calls forth a so-called-imé'

mnnity response in the-tissue fluids which can be recog-

nised by e C. F. test, using either protein or lipoidal

portion of the organism as antigen. , V I

(2) that the presence of either of these fractions in the

b°dy fluids evokes a response which can also be recognised

by C. F. tests.

There is no evidence that the body can directly combat

a toxin produced by the gonococcus; but as there seems to be

rhumoral ( and probably cellular ) antagonism to either of the
chief constituents of the gonococcal cell these findings are

consistent with the occurrence of bacteriolysisisin the human .

body invaded by this microbe. . It is not suggested that ex-

perimental results are synonymous with true immunity, but
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they at least offer a basis for speculation.

5 The position of lipoids in immunity, though perhaps ex-

aggerated by same, cannot be entirely ignored; There is al-

Ways the possibility of a protein-lipcid complex being in-

rvolved, and the recent ultra-microscopic work of Bechtold;

Salen,Hattory and others (88) on.the nechanism of haemolysis

is extremely suggestive.ng _ '

Before passing from the subject of lipoids reference may

be made to the clainmmade by Stuber, quoted by Krumweide and

Noble (.9), that agglutinins could be extracted by lipoid sol-

vents. The latter workers could obtain no confirmation of his

results, any agglutination obtained being in their opinion

non specific. '

I have tried to extract immune bodies tram a potent anti-

gonococcal serum with absolute alcohol and other, but without-

snccess. Repeated extraction ( with periodic shaking ) pas

made with each solvent, and the extract evaporated to dryness,

taken up with a little alcohol and emulsified in saline. The

anti-conplementary dose of this extract was found. but no bind:

ing of complement was observed with one third or even one

half this amount in the presence of a good polyvalent gonoeoecsl

antigen.

0n adding the extract to normal horse serum a negative

result was also obtained.
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(b) gge passive immunitz conferred by administration

of antigonocggggl Serum.

It has been remarked that an anti-gonococcal serum capahh

of producing clinical results contained a high concentration

of immune bodies ( in a dilution of 1/80 or I/Ioo it will

fix complement with its appropriate antigen ): also that

the serum of patients treated with it displays a much en-

hanced intensity of C. F. reaction. In treating patients

thus a febrile disturbance was nearly always noted after »

injecting the serum, which lasted several days. This frequent;

ly seemed to be part of the reaction to a foreign protein,

being accompanied by urticaria, patchy subcutaneous oedema

and Joint pains, It occurred irrespective of whether the

patient's previous course was :Ititbilo or not. But a

temperature rise was not always associated with signs of

serum sickness, and in several cases an irregular tempera-

. ture was 1-2; the only sign of disturbance after large doses

of serum.

Examination of the blood at this time often revealed an

anti-complementary state of the serum, which was at first re-

garded as accidental. But it was observed in a number of

cases that a serum which had previously been of average be-

haviour in regard to its affinity for complement required more.

than ordinary dilution to ensure lysis in serum controls.

Such serum has clear, and free from haemoglobin or infection,

and gave a very strong response to the C..F. test.

The possibility pas considered of the_presence of small
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quantities of gonococcal antigen in the blood streama causing

this condition.v It this were so it might in possible for the

serum in certain concentrations to bind complement alone,

and in appropriate dilutions to do so when reinforced by

either antigen or antibody.

. Whether or no this be the explanation of this observ-

ation.the sera of a number of patients contained demonstrable

antigen, as snown by the following test. Besides the in-

gredients shown in the table each tube contained 5 M,H.D.

complement and fully-sensitised sheep's corpuscles.

 

Serum for test iAnti-gonococcal Normal Horse Result
, Scrum . _ Serum

0.01 ' ‘ 0.01 I -- i n-

0.005 ‘ 0.0I -— i in

0.01 1 0.005' I -- § tr

0.005, 0.005 -- ' ¥ 91

0.01 § --‘ 0.02 c

0.005 E l; 6.02 : 'c

0.02 ‘ J .-- _ -- E c

-- I f 0.02 -- I c-

-- 3 -- , . 0.02 g c  
In other tests the amount of complement absorbed by each sere

um was ascertained and care was taken then not to use_in the“

test a quantity greater than one third of this.

This finding has been confirmed in seven sera: other

sera of patients surfering from a complication of gonorrhoea

but not receiving serum gave no reaction. These latter sera



(as) .

have been.used as the positive serum in the above tests as

well as the original anti-gonococcal serum: in all the re-

sult was the same.

The interpretation of this phenomenon would appear to be

that the sudden access of homologous immune bodies to the

site of infection causes an enhanced bacteriolyeis, thereby at

setting free disintegrated gonococcal substance. There is no

evidence that this is actually neutralised, but it is possible

that when bacterial cells are broken down complete elimination

or molecular disintegration is eventually effected by the tis-

sues, a process whose completion might be delayed if the at-

tack were massive, liberating a quantity of bacterial protein.-

Torrey (15), (16), (I7), produced some evidence in fav-

our of the power of immune bodies in gonooeocal ears to ef-

fect bacteriolysis, though he proved that this phenomenon did

not always run parallel with agglutination or C. F. -

Summing up; Ihe therapeutic effect of an antigonccoceal

serum seems to depend upon its power to bring about lysis of

the gonococcus in situ. ( It should be noted that patients

in whose sera antigen was demonstrated showed definite clinm

improvement ). This, taken with the ability of an animal

to display antagonism ( in the serological sense ) to isolat-

ed fractions of the gonococcus, leads us to believe that this

organism may initiate certain changes in the body fluids wflihh

eventually lead to its destruction, whether such changes be ‘

the formation of distinct antibodies or some alteration in the

physico-chemical state of the serumg The question of
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phagocytoeis has not been touched upon in these oontiderations,

but it is probably a factor in the successful combatting of

the infection. Even if the humoral changes which are evident-

ed by the immunity reactions of the serum merely facilitate

phagocytosis the end result is apparently the same. ‘

Finally reference may be made to the bearing of the C.F.

reaction on the_immunity of the patient. _ While it cannot _

be said that the actual immunity of an individual and the

"immune response'I of his serum in vitro are synonymous there

are certain facts which suggest that nevertheless the re-'

sponse to the C. F. test is a centain measure of a patient's

resistance. ;

The reaction is usually strongest in those who show the

greatest clinically demonstrable resistance to their infection

It is frequently ill-marked in t o§§7errorts to dislodge their

invader are feeble or unsuccessful, and an actual spread of

infection in such patients ( of the nature of an acute oom-

plication ), accompanied by‘a vigorous response to a serum ilk

test, is not infrequently the beginning of more successful efh

forts to cope with the disease. Ihat the reaction disappears

a few months after the dying out of the infection'does not 7

mean anything as regards the patient's immunity, uhich pro-

bably stands then Just where it did before the-attack. The

subsidence of the reaction apparently gnu-3 that the antibodum

are eliminated, and fresh formation ceases with the rent of

the offending organism.
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I A

Offthe serum immunity reactions in gonoooccal intact-

ions Complementary Fixation is the most suitable for-

practical purposes of diagnosis.

The C.F. test is of considerable value in the diagno-

' sis of these infections, especially when obscure. and

is a very useful aid in prognosis and in confirmation of

cure.

Where other reliable microscopic and clinical evidence

was available this test showed accurate agreement with

the diagnosis made by such means." A positive test means

an active, latent or recently existing infection by the

gonococcus. A negative test should be confirmed by re-

,test preferably after general or local provocation.

Summary of technique -- see above page.25. ’

The duration of a positive reaction is usually less it:

than 2 months after cure in the absence of complications,

but usually persists 5 months or more in complicated or

‘ Ihronic.cases, the length of time depending upon the dur-

ation or severity of the infection.

A feeble reaction in a patient not presenting signs of

infection does not of necessity mean that cure is being

established. If this be truly so the reaction will

gradually disappear, but a persistent feeble realtion
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may betoken a dormant infection.

7.‘ The C.F. reaction has been used to determine the suit-

ability of patients for treatment with an anti-gonococeal

serum prepared from a limited number of strains. Evidence

of the need for typing gonococci in order to secure efficient

polyvalency of an anti-serum has thus been adduced.

8; Work has been done to show that both lipoid and lipoid—

free portion of the éonococcua can act as antigen, not only

detecting the presence of a gonococcal infection, but also

independently evoking an antibody response recognisable by

0.3. men inoculated into animals.

9. Gonococcal Antigen has been demonstrated to be present

in the serum of patients successfully combatting an acute com-

plication of gonorrhoea immediately after the administration

of efficient doses of a potent anti-serum.

10. From the last conclusions ( 8 and 9 ) it is inferred'

that the body attacks the gonococcus by a process of bacterio-

lysis, and whether by phagocytoeis or not; the act of re-

sistance is rather the breaking up on the bacterial cell than

any neutralisation of its toxins; the latter being as yet
I

unproved to take place.
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