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In spite of many gocd flocculation tests which have been deve-
loped during the past 30 years (Meinicke, Milller, Kahn, Kline,

VDRL, ete.) in the field of sero-diagnosis of syphilis, the complement .
fixation reaction has retained its position. '

In the U.S.A. however,the flocculation reaction is generally regar-
ded as the reaction of choice, because it is Jess time consuming elsewhere

" the complement fixation reaction is still widely used fm- gero- dmgnos;s
of syphilis,

The League of Nations hason two occasions recommended the
simultaneous performance of one or preferably two flocculation reac-
{ions with each complement fixation test for syphilis {Copenhagen 1928,
Montevideo 1930).

In some European countries, Germany for example) every floceu-
lation reaction which is performed for the diagnosis of syphilis must be
according to the low, accompanied by a complement fixation test.

ﬂThls work is accomplished partly in SLtOlogy Depattment School of Medicine,Uni-
versity of Tehran, partly in « Scrotherapeutisches Instituten Wien with collaboration of Frau
Seibert and partly in «Forschungsansealt fir Psychiatric» , Munich, Germany. I wish to ex-
press my appreciation to Dr. Kure Meinicke,” Dr. Gethard Ehemann, Dr. Gcrd ‘Poctschke
and Dr. Freidrich Kail, Miss G. Fakhrai, Dr. G. Nazari for assistance.
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The complement fixation reactions are also in great use for the
diagnosis of Rickettsiosis, Virosig, Toxoplasmosis and many other parasi-

tic and infectious diseases.

_ The first complement fixation reaction carried out in 1906 by
Wassermann, Neisser and Briick who had devisged their inspirations from
the Dordet-Gengou phenomenon.

Since then, modifications have been devised to improve both its
sensitivity and:specifity. . These .mcdifications specially concern the he-
molytic systems, antigen preparation and Athg_maﬁner of incubating the
antigen-serum-complement. o

Hemolytic systems currently used comprise human, sheep or rab-
bit red cells together with their homologeus antisera.

Native complement and anti-sheep hemolysin of human serum are
also used by some workers ( Hecht, Ievaditi, Latapie Rubinstein,
Gradwho]e Wemberg and Muttermilch ). : o

Ant:gen preparatmn has been much improved and modified by

the'use of either acetone-ethér: insoluble lipids of humans animal ’

heart (gumea pig, horse cow, etc) or amixture -of the: alt,ohoh(. and -ace- ;

tone solub}e ]ip:ds of the heart. -

‘ Slncc the dlS(.Overy by Sachs in BEIRE of the scnsmzmg effect of
LhOlCStElOl this ‘agént "has become jnore and more ‘widly used f0r

5ensmzmg the antlgen ’ :
A furthCr Improvement was made hy Maly Panghorn 1941) who
xsolated a phospho]lpld texmed cardlohpld from heart t:ssue “when

mixed with cholestéral and- Tecithin in suitable propbrtlons ‘this phos-
phohpld gwes the so called <cardiolipin antigen> whl(,h is (.OIISldCer by

somé to gwe mOrc speufl(, reSu}ts than hpld antlgen

Suspensmn “of tho]s Stiain of treponema laken fmm infected -
rabbit {ests, the growth of” Re:tcr, s sample of spirochét orthie isolated” :
protein part of Reiter’s treponema have also been used.

- The actual technique of carrying out the Lomplcment flxatmn test
f0r SyphlIlS has also.been the sybject of c0n51derabie mod:flcatlons and
improvements, -but the number of different: methods is:s0 great that .
is difficult to enumerate them5 however briefly.
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. Fortunately they can be classified into four groups. These are lis-
ted below.

| Group 1. includes those which employ a temperature of 37° ¢. for
one hour or more. The Nelson-Mayer T.P.I. test iz included in this
group. o

Group 2. methods using a temperature of 6~ ¢. for four hour or.
more. '

.Group 3. Both refrigerator and incubator are used.

‘Group 4. Agitation is used instead of incubation.

The stirring and rapid methods of complement fixation reaction :
have been used by Kadish, Navaro-Martin, Hombria, and recently by
Portella. All these authors however, have employed vigourous shaking in
the performance of their tests.

Now it seems certain that this vigourous manner of shaking the
serum-antigen-complement may not only cause dissociation of antibedy
from antigen but also inactivation of complement wheras a more gentle .
manner of stirring first the serum antigen mixture and later on mixed .
with-complement can with some advantage replace the short incubation
at 37° ¢. or longer time at 6° e.

As a matter of fact there is no proof that a regular and uniform
binding of antibody molecules occurs in either the refrigerator or in-
cubator method but there is good reasons to believe that with gentle
shaking ‘of the ingredients rapid and uniform binding of antibody to
the antigén will take place if the mixtare is shaken of optimum time
and optlmum speed and temperature.

It is evident that the agglutmatlon and precipitation reactions are
enhanced by agitation and this'is also true of complement fixation
which is an adsorption phenomenon.

It has been recently shown that in Nelson test, the agitation has
a good effect on the immobilisation of treponema by bringing about
a more efficient and more uniform contact of immobiligin’s molecules
and the antigen cells. ' o

Furthermore in all methods of complement fixation; the comple_.
ment is added at or about the same time to the antigen_gerum mixture.
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These components react one with another not at random, but in
an orderly manner, union between antigen and amboceptor must proceed
reaction with the complement.

From a consideration of these facts, the author developed in 1953
a gtirring method of complement fixation for the diagnosis of syphilis
based upon a number of serological and immunological consideration.
These are as follows:

1. A gentle manner of stirring that is rotation at the speed of 150.
180 revolutions per minute is used in order that the complement is not
damaged by too great anagitation,

2. The complement is not added to the other ingredients until the
Serum-antigen have been stirred for a period of 10 minutes; that is

when antigen particles have been uniformly adsorbed and coated by rea. .

gin molecules,

3. Flat bottom tubes each containing a glass bead are used in or- .

der to bring about a quick and uniform sensitization of the antigen by
reagin molecules,

4. To give more specific results, cardiolipin- lecithin- cholesterin
antigen or the protein part of Reiter’s Treponema are used.

5. A temperature of 35° ¢. for a period of 10 minutes is em-
ployed during which time there is no appreciable change in the ecom-
Plement and is the best for the complement fixation reaction.

6. The whole test is completed in 30 minutes with great eco- -

nomy of time, material and personnel.

7. Only 0, 1 cc. of serum is needed for a qualitative test. This |

makes it eminently suitable for routin use in public health laboratorieg
and also for examination of samples from small children.

Procedure
Serum

The serum to be tested must be clear and free of hemoglobin.

It is inactivated at 56° ¢. for one half hour.

Complement

Liyophilized and constituted or fresh or preserved guinea pig com-
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plement.

Antigen

Cardiolipin—lecithin-antigen is used. The antigen is titrated to
determine how much it should be diluted with 0,85°/. saline, freshly
made and filtered. The purified protein antigen of Reiter’s Treponema

may also be used with some advantages in this test,

Hemolysin
Emmune serum from a rabbit immunized against sheep red blood
cells. This immune serum is glycerinated (50 per cent) and diluted

1:100 as followq:

0,85 per cent saline solution. ml. 94.
Phenol 5°/. in saline, mi. 4,0.

Glycerinized hemolysin, ml. 2.0

Saline

0,85°/. solution of pure sodium chloride plus 0,1 gm. magnesium

sulfate in one litre fresh distilled water.

Red celles
A 2- percent of washed and packed sheep red cells in sa}inf:

solutjon. _

Meethod of Complement Tilralion

Flat bottom tubes (fig 1} (9X1, 5 em.) and Kolmer racks are

. 2
used. Use tube racks which hold either 72 or 48 tubes in rows of. l"f

each. .
Place 6 tubes, in every other space { starting with the _f_u'st space )

} ih the first row of tube rack, and in the second row, starting with - the

second space. a tube on every other space (fig 2)
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Fig. 1. Flat bottom tubes with glass head,

Fig. itiad |
g 2. Initid arrangemenc of wbes for dowble dilutions .
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Thus directly behind every blank space in the first row there
will be a tube in the corresponding space in the second row. There are
12 tubes in all. Add 0,1 cc. saline to each tube in the first row.

Add 0,2 c.c. saline to the first tube in the second row and o,lce.

to every other one.

To the first tubes of the first and the second row, add 0,1 ce. of
complement without touching the sides of the tubes. With a fresh two
tenth cc. pipette, mix the contents of the first tube in the first row,
then transfer o,lce. from the first tube to the second tube in the
first row. Mix well and transfer 0,1 cc. from the second to the third
tube’ mix well and transfer 0,1 ce. to the next tube. Repeat serial
dilutions to sixth tube, mix the contents of sixth tube and discard
o,lcc. ce. In the first row starting with the first tube) the complement
will be diluted 1.2, 1.4, 1.8, 1.16, 1.32, 1.64. -

Mix the contents of the first tube in the second row. Transfer
0,1 ¢c. to the second tube and discard 0,1 cc. Mix the contents of the
second tube and trangfer o,1 cc. to the third tube, mix well and trans-
fer 0,1 cc. to the fourth tube. Repeat serial dilutions to the sixth tube

and discard o, cc,.

In the second rows the complement dilutions will be 1.3, 1.6,
1.12, 1.24, 1.48, 1.96. Transfer the tubes of the second row ta' the
first row,” so that the complement dilutions will be in an orderly
sequence as 1.2, 1.3, 1.4, 1.6, 1.8, 1.12, 1.24,°1.32, 1.48, 1.64 and
1.96. - o

Dilute {1.100) hemelysin 1.3000. Wash hemolysiﬁ measuring
pipette thoroughly in diluent. Shake well. Use a fresh pipette to add
0,1 cc. hemolysin to each tube of the complelﬁcnt titration. add one

glass bead to each tube.

Antigen

Antigen for this test is an alcoholic solution containing 0,03/
cardiolipin, 0,9°/. cholestrol and 0,2°/. lecithin which must be titrated

according to usual method af antigen titration. -
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VDRI test antigen can also be used, the alread

. ‘ t. )
slon must be further diluted 1: 16, v meen omd

Add 0,15 ce. antigen and 0,05 ce.

. saline to each tube of com
ment titration, place in 33 %, A

incubator shaking machine (15
. . ' 50-180
revolutions per minute) 10 minutes. In cold season

keep the racks in water batl 37 “c. for 30 seconds be
m the incubator shaking machine.

it is advisable to
fore putting them

Add o,1 ce 27/, sheep cells suspension to each

plement titration place in 35" ¢.

. tube of the com-
incubator shaking machine {fig 3)
H) minutes.

{150-180 revolutions per minute)

Fig. 3/ I:'l(.'llbatcélf shaking  machin
" .
Read; the unit of complernent

: is th " . i . . -
sparkling hemolysis. The controls are g st dilation e

as follows:
Hemolysin control

0,1 ce. 1: 100 hemolysin,

0,1 ce. 27/, sheep cells.

0,3 cc. 0,857/, saline.
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Complement eontrol

0, 1 ce. 1:3 complement.
0, 1 cc. 2°/. sheep cells.
0, 3 ce. saline.

Antigen control
0, 15 cc. antigen.
0, I cc. sheep cells.

0, 25 cc. saline,

Cells coutrol

0,1 ce. cells- 0, 4 cc. saline.

Hemolysin titration

Arrange 12 tubes in a rack in the same manner ag was done in the
eomplement titration.

Add 0, Tce. saline to all the tubes of the first row. Add 0, 2 cc.
0, 85°/. saline to the first tube of the second row. Add o,! cc. saline to
the remainig tubes. Add o,lcc 1:100 hemolysin to the first tube of the
first and the second row. Use fresh pipetie and mix the contents of the
first tube of the gecond row, transfer 0. 1 cc. to the second tube in the
second row and discard 0, lcc. then mix the content of the second tube,
il-ansfcr 0, tce. to the third and continue these serial dilutions until
the sixth tube, mix and discard 0, tce. A _

With fresh 0, 2 cc. pipette, mix the contents of the first tube
in the first row. Transfer 0. lce. from the first tube to the second
tube, and transfer 0, Icc. to the third tube, continue these serial dilu-
tions until sixth tube, mix and discard 0, lce.

The first row dilutions will be 1.200, 1.400, 1.800, 1. 1600,1.
3200. 1.6400. —

The second row dilutions will be 1.300, 1.600, 1.1200, 1.2400
1.4800, 1.9600.

Combine the two roweg of tubes to an orderly sequence: of. dilu-
tions, in the first row add one. glass bead to each tube.. '
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Ad : i |
dd o, 15 ce. antigen to every tube of hemolysin titration

Add i
- 1o, lcc.. complement diluted so that one unit is contained in
© ¢ asdetermined by the complement titration which was completed
Just before the hemolysin titration wag started !

Add 0.05 ce. saline to each tube. Shake !0 minutes. at 35°

Add o, Tce of 2°1. sheep cells to each tube.

Place rack in air inccubator at 35° ¢, and shake 10 minut {15
180 revolutions per minute). N "

Read. The unit of hemolysin i

ysmn i8 the high iluti ic

cpaekling oo ghest dilution which shows

Test proper

Pipette 0,05¢c. of the inactivated seru

. . m-into eac
without touching the sides of the tubes : o tubes

(before pipetting the amounts
by blowing up and down}. -
1. Add o, 15 cc. saline to the
up according to the titre.

of serum, it is best to mix the serum wel]]
‘The back tube will be the serum contro
back tube. The antigen has already made

Add o, 15 ce. antigen to front
tube, shake well, place in 35°

revolutious per miuute),

; tube. Add one glass beﬁd to every
¢. air incubator shaking machine(150.180
10 minutes. Make up complement to be uged

n }l 1193 e € Y t. ecelllple]"ellt .
1 t e tBS[ ElCCO!dlIlg to the 13 td term!n d b h tltlat‘o]l

Add 0,1ce. co
shaking machine forf?};]:;:xest.o each tube. Shake in_35”c. meubator
lows: using hemolytic unit (as dete
up sufficient hemolysin for the te
0, ITee. To one volume of hemol

Make up sensitized sheep cells ag fol-
rmined by hemolysin titration) make
st. One unit should be contained in

ysin, add one volume 27/ i
o e o omo v e 2'l. suspension
P cells. Mix well, Add 0,2ce. sensitized sheep cells to eacl}: tube

Shake in 3 S C ai[' i a
. ncubator Shakin i ) ¥
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For quantitative serum test arvange 7 tubes, add 0.15 ce. saline to
the first, 0.15 cc. to the last and 0.1 cc. to the remaining. tubeg. Add
0.05 cc. inactivated serum to the first and 0.0 5 cc. to the last tube.
Mix well the content of the first tube and transfer 0,1 to the second and

<0 on until the sixth tube, discard 0.1 cc. The serum dilutions will be

1.4,1.8, 1.6, 1,32, 1.64, 1.128.

Add 0.1 cc. antigen emulsion in 3/4 concentration {e.g. 1/12) to all
tubes except the last one which will be serve as the control tube, add
0.1 ce. saline to the last tube and the test is then accomplished as the
qualitative procedure. The reagin titre is the highest dilution of serum
which shows no hemolysis at all, for ex. if it is the fifth tube the reagin
unit will be 64. .

For qualitative spinal fluid test, the method is the same with this
difference that 0. 5 cc. of fresh and well centrifuged fluid is used.

" For quantitalive spinal fluid fest, arrange 7 tubes, add 0.,1 cc. saline

to the last and 0.5 cc. to the remaining 6 tubes. Add 0.5 cc. of fluid to

the first and 0,5 ce. to the last tube. _
Mix well the content of the first tube and transfer 0.5 cc. to the
second and so on until the 6th tubes, discard 0.5 cc.
The spinal fluid dilutions will be 1/2, 114, 1/8, 1716, 1
The test is then accomplished as the quantitative serum procedure
using exactly the same guantities of antigen, complement, and hemolytic
system. It is to be noticed here, that in both serum and gpinal fluid quaiy
titative tests the last tube, control tube, must be fully hemolysed, other-

132, 1/64.

wise the result of quantitative test is worthless.
The method of complement fixation test for the diagnosis of

Rickettsiosis, virosis, toxoplasmosis and echinococosis is exactly the
same as for syphilis with this difference that a suitable and well titreted

antigen is used in every respect.

Experiments: .

a) Comparative results of the modified complement fixaiion test _
(MCFT) with Kahn, Miiller, Meinicke and Miiller-Wassermann. (Ka. Mu. -
Me, MuW.) on 901 sera. S el
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Negative conformity 351 scré.
Positive conformity 483 sera.

Discordant results 67 cera.

30 sera of the discordant cages were positive in MCFT and neg:-

tive in Ka Mu. Me. MuW,
23 of these sera showed a positive

of the remaining were as follows;

1. Suspicion to syphilis (Nelson negative)

2. Syphilis III (Nelson negative : VDRL positive)
3. Syphilis (Nelson negative).

4. Cerebral insultug.

5. Intercostal neuralgia.

6-7. Tabes (Nelson negative).

35 sera were with MCFT negative and in Ka Mu. Mu.W positive,
- The two remaining were:

1} Latent syphilis {Nelson doubtfully positive).
2} Latent syphilis (Nelson positive).

3). Comparative results of MCFT with Ka, Mu, Me, MuW

Nelson test. , and the

From 171 sera which were positive in Nelson test 102 were posi-
tive in Ka, Mu, Me, MuW, while 69 sera were negative, In MCFT 119
sera were positive and 52 were negative.

0)
From 239 sera which were negative in Nelson test 44 showed

positive results in Ka, Mu, Me, MuW, while 195 were negative.

- In MCFT 17 sera were positive and 222 were negative

C) Comparative resulis of quantitative MCFT and VDRL test on
1195 syphilitie sera.

I;'I;ZOF'I;::DRLT MCFT<VDRLT MCFT>VDRLT
310 (269/0) 183 (15, 30/0) 70z (58.17,9/0)

-+ . D) Comparative results of MCF and Kolmer tests on 171 sera of

emigrant subjects,

Nelson reaction. The diagnosis

HIASSAN MIRDAMADI M.D. - T 4
MCFT. Kolfneﬁ test e
Possitive (1) 65 : 42 !
Weakly positive 25 -' 23
Negative 81 106 ° i
E) Comparative results of VDRL and MCF tests on 670 student s ..
sora. | RS
_ VDRLT. MCFT.
Weakly positive 3 - 3
Positive 0 0
Negative - 673 673

By considering that these subjects, mostly medical students are

generally considered ag normal, one concluds that VDRL and MCF tests

has given both 0.5°/. weakly flase positive results.

Summary .
A rapid method for carrying out the complement f:\atmn tcst for S
the diagnosis of syphilis involving stirring is described. ' _'
Flat bottomed tubes each containing a glass bead are employ ed :

and stirring is done at a rate of 150-180 revolutions per mmute The

test is performed in three times periodes of 10 mmutes at 35% ¢

Resumé

Une methode rapide de fixation de complement pour le di.agn%ti'.:. i

de la syphilis a éi¢ decrit.

Dang eette Methode,.des tubes a fond plat ayant un perle de verre __-:.:

dedans sont utilises.

La reaction s'effectue en 3 periodes del0 minutes et ala tempera— |

ture de 35° ¢. toulen donnant aux tubes des mouvements de rotation . -

de 150-180 revolutions par minute.
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1) These emigrants were mostly considered as sy_phili_tic patients
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