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Most serological investigations, whether concerned
with research programmes or laboratory clinical in-
vestigations, entail a very large number of individual
manipulations of numerous samples under test. For
this reason the work may progress comparatively
slowly and is usually costly both in money and in
trained personnel. Often, the work may have to be
shared by a relatively large number of serological
technicians, a factor which may easily mar the uni-
formity of results. The apparatus described here was

designed to eliminate such serious disadvantages and
to allow the investigator to perform single-handed the
same number of tests as would be done normally by
several technicians, and in far less time, with equal
or superior accuracy, and still at greatly reduced cost.

The apparatus allows the performance of up to 12
titrations in a single operation, with even less manipu-
lation than required for a single test by the more con-

ventional techniques. It is designed for the measure-

ment of volumes of fluids ranging from 0.01 ml. to
1.0 ml., and can therefore replace with advantage the
normal standard apparatus such as serological gradu-
ated pipettes, standard droppers, burettes, and other
volumetric glassware. The dispenser can be used for
any multiple tests, such as agglutination tests, floccu-
lation tests (including optimal proportions), precipitin
ring tests, complement-fixation, or any kind of inhibi-
tion test; it can also be used for the simultaneous
serial dilution of 12 different fluids, such as sera, in
any stages desired. The apparatus has been care-

fully designed to achieve at least the same accuracy
as that obtained by the use of Grade B British Stan-
dard serological volumetric glassware.
The main parts of the machine consist of the pump-

ing units, the pipette-clamping device, the carrier lift,
and a number of accessory racks for the glass test
tubes and pipettes. In operation a rack containing
a row of 12 special pipettes is mounted on the rack
carrier lift, which is then raised by a lever until the
open tops of the pipettes fit into a series of holes in
the clamping device into which the pipettes are locked
by means of another lever. The empty rack is then
lowered and the pipettes remain in position in the
clamping mechanism ready for use. A series of 12
test tubes in a rack can then be lifted so that the open

lower ends of the row of pipettes just dip into the
fluids contained in the test tubes. By moving the
main volume control lever, which acts on the pump-
ing units, a measured volume is aspirated into each
of the 12 pipettes. The whole, or measured portions,
of the fluid thus contained in the pipettes can then
be expelled into another series of tubes by simply
reversing the movement on the volume control lever.
These motions can be performed in any sequence,
with a consequent great flexibility of performance.

Description of the Apparatus
Glassware.-The glassware described below was

found to be the most useful for general serological
work, but for special requirements glassware of
different shapes or dimensions can be used provided
that it suits the design and dimensions of the dis-
penser.

Test Tubes.-Neutral glass round-bottomed tubes
(Fig. Ia), 40 mm. by 11 mm., with rimmed mouths and
a maximum capacity of 3.0 ml. are convenient for
most tests, and were adopted as the standard tube
for use with the machine.

Pipettes.-A pipette (Fig. lc) of 1.5 to 2.0 ml. maxi-
mum capacity was designed for the aspiration of at
most 1.0 ml. volumes of fluids. The pipette is made

I 4-25 TO J 4-25 TO
4-75 DIA 4-75 DIA

FIG. L.-(a) Test tubes 3*0 ml. capacity. (b) Test tubes 1-5 ml. capacity.
(c) Pipette 2-0 ml. capacity. (d) Capillary pipette for precipitin
ring tests. (All dimensions in millimetres.)
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TECHNICAL METHODS

of neutral glass tubing with a blown-out bulb and an
elongated stem. The neck of the pipette, which fits
into the clamping device, measures 4.5 mm. overall
diameter and is about 18 mm. long. The overall
diameter of the neck is the only critical measurement.
and to ensure a perfect fit into the clamping device
tolerances greater than ±0.25 mm. are not satisfac-
tory. The overall length of the pipette is about 80
mm. and the bulb has an outside diameter of 11 mm.

Capillary Pipettes. Capillary pipettes (Fig. ld)
used for the precipitin ring tests are made of the
same glass tubing (4.5 mm. ± 0.25 mm. outside
diameter) as the neck tubing of the large pipette so

as to fit in the clamping device. The end of the
pipette is drawn out to a fine capillary (approximately
1 mm. outside diameter), the main barrel being 40
mm. in length and the overall length about 70 mm.

Pipettes of other dimensions can be used, provided
that the overall diameter of the neck of the pipettes
is within the working tolerance of the clamping
device. Longer and narrower test tubes (Fig. Ib) can
be used if desired, but the design of the pipettes must
be altered so that the lengths of the test tubes and
pipettes added together never exceeds 130 mm., this
being the distance between the clamping head and
the platform of the carrier lift at rest. The overall
diameter of pipettes or tubes should not exceed 12
mm., as the centres of the fixing holes in the clamp-
ing head are 15 mm. apart. The manufacture of the
glass test tubes involved presents no real difficulty
and costs no more than that of standard tubes. The
production of pipettes is more exacting, but costs
much less than the graduated serological glassware
that would be necessary for the same number of titra-
tions by conventional methods.

The Clamping Device.-The clamping mechanism
(Fig. 2) holds a row of 12 pipettes in position in the head
of the machine. The rack holding a row of pipettes is

carried on the platform lift and raised to the receiv-
ing holes. The necks of the pipettes fit into a small
rubber collar (1) (about 1 cm. in length), which is com-
pressed in the vertical axis when the clamping lever
is brought into the downward position. This is
achieved by the simultaneous upward movement of
a horizontal bar (2) which forces the upper ends of the
rubber collars into their tight-fitting housings and
causes the collars to expand inwards around the
necks of the glass pipettes. Thus a tight rubber ring
is formed which holds the necks of the glass pipettes
in the desired position and forms an airtight seal.
The horizontal bar has a series of holes which are

chamfered in the plate to guide the necks of the
pipettes into each of the rubber collars. The metal
bar is suspended by two metal straps (4) fixed to the
bearing surfaces of two eccentric cams (5). When these
are rotated by a downward movement of the clamp-
ing lever, the metal bar is lifted up against the rubber
collars and thus the pipettes are held ; the reverse

motion of the lever forces the plate downwards allow-
ing the rubber collars to regain their natural position

and the pipettes are freed. The procedure to clamp
the pipettes is as follows:

1. The pipette-carrying rack is loaded with 12 (or
fewer) pipettes and is placed on the platform of the
carrier lift.

2. The lift is raised until the necks of the pipettes
are thrust into the rubber collar as far as they will go.

3. The clamping lever is pulled down firmly.
4. The carrier lift is allowed to drop down and the

empty pipette rack is removed, thus leaving the
pipettes hanging in the head of the machine ready
for use.
To remove the pipettes, the reverse procedure is

adopted; an empty rack is brought Lu on the carrier
lift, the clamping lever is pushed back in the vertical
position, and the pipettes are allowed to fall into their
respective positions in the rack, which is then lowered
and removed.

The Pumping System.-The fluids in the pipettes are
aspirated and expelled by a series of 12 pumps actu-
ated by a single control (Fig. 2). The mouth of each
pipette, when clamped into position. is directly con-
nected with one of the pumping units. A system of
separate pumps for each pipette was adopted in pre-
ference to a common single pump to avoid the loss
of vacuum in the whole of the system when the set
of pipettes is incomplete or if an accidental leak
should occur in one of the units.
Each pumping unit consists of a cylinder (6) and

plunger (7) connected to a reservoir (8) by a pipe-
line (9). The whole unit, which is made of non-
corrosive steel, is filled with mercury so that any
movement of the plunger causes a change of level
of mercury in the reservoir; an airline (10) running
from above the mercury level in the reservoir to the
clamping device connects the air space above the
mercury with the pipette in the clamping head. An
inward movement of the plunger in the cylinder
raises the mercury in the reservoir, displacing the air
in the airline and in the pipette connected to it. The
reverse movement of the plunger lowers the mercury
in the reservoir and consequently draws air into the
pipette. The tolerance of the bore of the plungers of
all the pump units is restricted so as to minimize
variations of the volumes aspirated or expelled in
individual pumps. It is, of course, an essential feature
of this apparatus that uniform volumes are displaced
in all the pumping units simultaneously. and this is
ensured by a volume control mechanism synchroniz-
ing the movement of the plungers.
Volume Control Mechanism.-This is operated by

a main lever (see Fig. 3) situated on the right of the
machine, which is fixed to a central horizontal
spindle (11) rotating on two main bearings (12). The
rotation of the rod operates two quadrant gears (13)
which engage in the toothed racks (14) fixed to the
plunger-bearing frame (15). The plungers. which
have their free ends rigidly fixed to the bearing frame.
are moved in and out of the cylinders by the motion
of the frame, which is allowed to slide along two
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TECHNICAL METHODS

FIG. 2.-(l) Rubber collar. (2) Horizontal bar. (4) Metal straps. (5) Eccentric cams. (6) Cylinder pump. (7) Plunger and gland.
(8) Mercury reservoir. (9) Mercury-filled pipeline. (10) Airline. (I1) Horizontal spindle. (12) Spindle bearings. (13) Quadrant
gears. (14) Toothed rack. (15) Plunger-bearing frame. (16) Metal sliding channels. (17) Volume indicator. (18) Graduated scale.
(19) Rotating arm to volume gauge. (21) Platform lift. (22) Loading stage. (24) Vertical sleeves. (25) Vertical pillars. (26)
Quadrant gears. (28) Metal frame. (29) Cast corner pieces. (30) Levelling screws.

metal channels (16). Once the individual plungers
have been set, the displacement of mercury in each
pumping unit is thus identical and simultaneous in
each of the units for any given movement of the
lever. The volume aspirated or expelled is measured
by means of an indicator (17) moving over an illumi-
nated scale, graduated (18) in hundredths of a milli-
litre. Any movement of the plunger-bearing frame
is replicated on the volume gauge by a direct trans-

mission to the indicating pointer, the pointer being an
extension piece of a rotating arm (19) directly con-
nected to the plunger-bearing frame. To ensure com-
plete expulsion of fluids contained in the pipettes,
there is an " overriding" device which allows an
additional volume of air to be expelled beyond the
zero mark. The zero position of the volume con-
trol lever is found by pushing the lever forward until
it comes against a fixed stop, which can only be

I
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TECHNICAL METHODS

FIG. 3.-External view of serological dispenser with test tube rack a

passed by depressing with the thumb a release catch
(Fig. 3). When the lever is brought back to " zero "
the stop does not engage and the lever can be carried
back to a further positive stop, thus allowing a volume
of air to be expelled 0.1 ml. in excess of that origin-
ally aspirated. This device to expel the whole con-
tents of the pipette minimizes the error due to fluids
adhering to the glass.
When constant volumes are required an adjustable

screw stop on the lever can be fixed at any point of
the scale, and the lever can be moved backwards and
forwards between these fixed limits, always aspirating
or delivering the same volume.
The Carrier Lift.-This device (Fig. 2) feeds the

machine with the various types of glassware, in racks
holding either pipettes for clamping, test tubes, or
plasticine to receive capillary tubes used in the pre-
cipitin tests. A metal platform (21), raised by the
operation of the control lever on the left of the
machine, is situated underneath the head of the
machine and flush with the level of the stage (22).
The platform fits the base of the racks, which are
placed on the stage and slid into position, a lug
engaging into a space in the back of the rack ensur-
ing the correct position on the platform. When the
control lever is pulled towards the operator, the plat-
form is raised to the extent controlled by the move-
ment of the lever. The platform automatically drops
down to its original position as the lever is released.
The platform is held by two vertical sleeves (24)

which slide up and down along two metal pillars (25)

while the lever operates two
quadrant gears (26) which en-
gage in toothed racks fixed on
the vertical bearers of the plat-
form and which control the

< level of the platform.
Accessory Racks. Racks

(Figs. 4 and 5) 9} in. long and
* 2- in. wide are designed to fit

the platform; the measurements
of the holes in the racks for the
tubes or pipettes are, of course,
determined by the size of the
glassware, and those described
below are for the glass tubes
and pipettes specified under
glassware.

(l)Loading Racks. The illus-
trations (Fig. 4) show the type
of rack used to carry the 2.0
ml. pipettes used for dispensing
measured volumes of fluids.
The racks for carrying the
small pipettes are essentially of
the same construction and differ
only in the diameter of the
holes.

(2) Test Tube Racks. These
nd pipettes in position. (Fig. 4) are of a similar design

with the addition of a lower
shelf to hold the test tubes more firmly. This second
shelf also allows rapid mixing of the contents in the
tubes as they stand in the rack by running the fore-

FIG. 4.-Top, Pipette-carrying rack. Middle,Test tube rack. Bottom,
Common trough.
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FIG. 5.-Plasticine rack with capillary pipettes in position showing the " precipitin ring" at the interfacial surfaces of antigen and antiserum.

finger to and fro along the tubes, which are thus made
to spin freely.

(3) Troughs.-These (Fig. 4) are made of stainless
steel and are V-shaped in cross section. They should
hold, when full, approximately 50 ml. of liquid, and
0.5 ml. is the minimum amount which permits a com-
plete row of pipettes to be immersed in a sufficient
depth of fluid for easy aspiration.

(4) Racks for Plasticine.-These (Fig. 5) are made of
wood and consist of a simple block 9} in. by 1 in. by
I in. with a central groove j in. wide and j in. deep,
cut out along the top surface. This groove is packed
with plasticine.
The racks (except the "plasticine " racks), which

are made of aluminium for stability, lightness, and
durability, have a locating space (4 in. in diameter)
cut out of the left-hand upper corner of the back of
the rack to fit into a corresponding lug in the machine.

Constructional Features.-The whole apparatus is
built on a solid framework of extruded angle metal
and reinforced by cast dural corner pieces. The over-
all dimensions are: height 14 in., width 15 in., depth
131 in., the level of the stage being 52 in. above
bench level. The outside cover, which is of sheet
metal, is stoved enamel and removable in three sec-
tions. Removal of the front cover allows the lift and
its operating gear to be removed as a single unit.
Removal of the back cover gives complete access to
the pumping units, which can be adjusted or removed
independently. By removing the top cover the clamp-
ing mechanism is made readily accessible for changing
worn rubber collars.

A built-in transformer provides electric current for
the illumination of the scale and of the dispensing
pipettes, so that all contained fluids are readily visible.
The operating levers are designed to minimize the

movements of the operator and to provide maximum
accuracy with maximum speed. The levers operate
over a maximum angle of 90' and have cast handles
designed to fit an average operator's hands. The
movement of the levers is smooth and regular,
because for regular volume control it is important
that very small movements can be made without any
jerking.

Performance and Accuracy Tests
Volumes Delivered.-The accuracy of the volume

gauge was determined by delivering from pipettes in
the serological machine indicated volumes of distilled
water into pre-weighed weighing vessels. Various
points of the scale were checked at random by this
method on several pipettes. There were no signifi-
cant variations in the weight of water delivered and
the volumes delivered.

Serial Dilutions Tests.-A comparison of the results
of titrating fluids by normal methods and those
obtained by means of the serological dispenser indi-
cates that the dispenser is at least as accurate as the
usual titration procedure.

Titration of Coloured Solution.-A stock solution
of approximately 10% copper sulphate was diluted
in distilled water 1: 3 and 1.5-fold dilutions made to
1/172 by carrying over 1.0 ml. of the stock solution
into 0.5 ml. of distilled water. Twelve pipettes (A
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TECHNICAL METHODS

to L) were used simultaneously as described below,
a new set of pipettes being used for each dilution.
In this way the final volume in each tube was 0.5 ml.
of any dilution. The six tubes A to F and G to L
were made into two pools containing 3.0 ml. respec-
tively and the coefficient of extinction of each dilu-
tion was determined for each pool with a " unicam "
spectrophotometer using a wavelength of 815 A. The
results, which are shown in Table I, show no varia-
tion from a straight line plotted to represent the slope
of the theoretical coefficients of extinction for the
solution under test.

TABLE I
COEFFICIENT OF EXTINCTION FROM SPECTROPHOTO-
METER READINGS FROM A SERIES OF 1-5 TIMES DILU-
TIONS FROM A STANDARD COPPER SULPHATE SOLUTION

Coefficient of Extinction (Wavelength= 815 mp)
Dilution of
Solution

Pool A-F* Pool B-Lt Standard
Methodt

1:3 151 151 1-52
1: 4-5 0-962 0-963 1-04
1:6-7 0711 0-765 0687
1: 10 0 477 0-478 0-462
1: 15 0-321 0330 0-301
1: 22 0 216 0 219 0 195
1: 34 0-145 0 147 0-137
1: 51 0-102 0-098 0 095
1: 76 0-069 0-067 0-068
1: 115 0-048 0-046 0045
1: 172 0.037 0.039 0 037

* Pool A-F is pool of dilutions obtained from six first pipettes in
the multiple dispenser.

t Pool B-L is pool of dilutions obtained from six last pipettes in the
multiple dispenser.

$ Standard method means dilutions made by means of grade B
serological pipettes by the standard method.

Variations Between Individual Pumping Units.-The
titrations of copper sulphate described above only
show that no variation occurred when dilutions made
with the six pumps A to F and G to L are compared.
It is possible that variations of individual pumps were
cancelled out by this method as a result of pooling of
the contents of the six tubes. To obtain sufficient
material for individual colorimetric readings dilu-
tions were made by delivering from the pipettes a
given volume to each of 12 volumetric flasks.
Three sets of dilutions of 1: 25 (corresponding to the
most sensitive readings on the spectrophotometer)
were prepared (1) by delivering 1.0 ml. in 25 ml.
flasks, (2) 0.60 ml. in 15 ml. flasks, and (3) 0.4 ml.
in 10 ml. flasks. The volume in the flasks was made
up with distilled water and colorimetric determina-
tions were made in triplicate on the contents of each
flask.
For comparison, three sets of dilutions were made

by hand by delivering identical volumes from the
same stock solution of copper sulphate using 1.0 ml.
grade B serological pipettes. The results of these
tests are shown in Table II and indicate that there is
no greater error than that expected by chance.
These tests show that under practical conditions the

accuracy of the serological machine is well within the
limits of error of standard methods.

TABLE II
COEFFICIENT OF EXTINCTION OF VARIOUS DILUTIONS
OF A STANDARD SOLUTION OF COPPER SULPHATE
PREPARED BY MULTIPLE DISPENSER AND STANDARD

METHODS

Multiple Dispenser Standard Method

10 in 0-6 in 0-4in 1-0 in 0-6 in 0-4 in
Dilutions 25 mi. 15 ml. 1-0 ml. 25 ml. 25 mi. 10 ml.

A 181 195 186
B 178 185 198 198 201 199
C 200 203 192 193 201 190

6 D 201 192 184 189 204 198
Z E 190 222 198 189 189 199
X F - 215 186~ G 196 180 193
. H 202 191 193
XI 198 - 196

J 198 200 185
K 203 198 193
L 194 201 202
i~ I~

Mean 194 198 192 192

S.D. 8-3 12-1 5.8 3-8

Ve. 4.2% 6-1% 3% 1-9%

198 196

66 4-3

4*3% 21%

Examples and Applications of Various Techniques
with the Multiple Dispenser

Simultaneous Serial Dilutions of 12 Different Sera.-
Let it be assumed that 12 different sera are to be diluted
serially in twofold dilution steps, starting with an
initial fivefold dilution. The usual procedure is fol-
lowed except that whole racks are dealt with instead
of single tubes. A change of pipettes may be neces-
sary only after the initial dilution of 1/5, but, if
required, the set of pipettes can be changed between
each dilution or at any stage in the serial process.
The following materials are required:
Rack No. 1, containing at least 0.5 ml. of the 12

sera under test in tubes (A to L); 10 test tube racks,
Nos. 2-1 1, filled with 12 empty test tubes; three
pipette-carrying racks, each filled with 12 empty
pipettes (2.0 ml. size); one common trough contain-
ing diluting fluid.
To dispense diluting fluid into the test tubes:

(1) Twelve pipettes are clamped into position. (2) The
trough containing the diluting fluid is next raised on
the platform until the ends of the pipettes just dip
into the fluid, and 0.8 ml. is aspirated in each pipette.
(3) The platform is again lowered and the common
trough replaced by rack No. 2 containing a series of
12 empty test tubes. These are raised so that the
ends of the pipettes are inside the lower portion of
the test tubes and the contents of the pipettes are
expelled by a backward movement of the volume con-
trol lever to its fullest extent. (4) The now filled test
tubes are lowered, the volume control lever returned
to zero and the procedure is repeated until all the
remaining test tubes have been filled in a similar
fashion with the 0.5 ml. of diluting fluid.
To make a series of dilutions, (1) with a clean row

of pipettes in the head of the machine No. 1 rack!
containing the 12 undiluted sera is raised on the plat-
form and the required volume, i.e., 0.2 ml., is aspi-
rated from each tube. (2) No. 2 rack is next raised
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TECHNICAL METHODS

on the platform, and the total contents of the pipettes
are expelled into the test tubes. The contents are
mixed by moving the volume control lever backwards
and forwards several times alternately aspirating and
expelling. (3) To change the pipettes at this stage
the platform is lowered, an empty pipette rack is
raised and the clamping lever released. The pipettes
are then removed and a fresh series introduced in the
machine. (4) Rack No. 2 (now containing the 1/5 dilu-
tions of the 12 sera) is next raised and 0.5 ml. aspi-
rated into the pipettes and then expelled into rack
No. 3 and mixed; the procedure is repeated with each
rack in turn until the required dilutions are made.
Each tube now contains 0.5 ml. of fluid (No. 1

rack containing neat sera, No. 2 rack the 1/5 dilu-
tions, No. 3 rack the 1/10 dilutions, etc.).

In reading results with these serial dilutions it is
best to record dilutions in columns and sera in rows,
as distinct from the usual way. This may seem
awkward at first but has the advantage of unbiased
readings of the tubes.

Agglutination Tests.-The 12 different sera are now
ready for the addition of equal volumes of aggluti-
nating suspension into each tube. This is done by
fixing a new set of pipettes in the dispenser and by
aspirating the required volume of suspension into all
pipettes from a common trough. The trough is then
lowered and removed and the tube racks containing
the serial dilutions are raised in turn and the appro-
priate volumes of suspension are delivered. Mixing
of the suspension in the tubes is carried out rapidly
and efficiently by running the forefinger to and fro
along the row of tubes, causing them to spin rapidly
in each direction alternately. The final results are
recorded in columns instead of rows.

Quantitative Tests for Syphilis.-As an example of
a common routine test the detailed procedure adopted
with the multiple dispenser is described for two
quantitative tests for syphilis.

Quantitative Flocculation Test. The technique of
Price (1948) consists of a preliminary screening test
followed by a quantitative test of positive sera. In
this example, it is assumed that 12 sera are to be
tested simultaneously, although any number of sera
can be so tested by suitable arrangement of the racks.
For the screening test each of 12 sera (A to L) has

two tubes allotted to it, one receiving 5 vol. of neat
serum and the other 5 vol. of a dilution of 1/2 of the
serum in saline. The neat sera are contained in a
row of test tubes in rack No. 1. Two more racks
(Nos. 2 and 3) are prepared with a row of 12 empty
tubes. Trough I contains a quantity of saline and
trough II the antigen.
The procedure is as follows: (1) Twelve pipettes

are set up. (2) From rack No. 1 10 vol. of the 12
sera are aspirated into each pipette. (3) Five vol. of
the sera are expelled into each tube in racks Nos. 2
and 3. (4) The pipettes are changed. (5) Five vol.
of saline are taken up from trough I and expelled
into tubes of rack No. 3, mixed thoroughly, then

5 vol. of the mixtures are taken up and discarded.
(6) The pipettes are changed and (7) 2 vol. of anti-
gen are taken from trough II and 1 vol. is expelled
into each of the tubes of racks Nos. 2 and 3 and
mixed thoroughly.
Rack No. 2 contains 5 volumes of neat sera A to L

1 volume of antigen
Rack No. 3 ,, 5 volumes of 1/2 dilution of sera

A to L
1 volume of antigen

The tubes are incubated and shaken in the usual
way before reading the tests.
For the quantitative test, the sera which react posi-

tively in the screening tests are diluted in saline in a
series of eight twofold dilutions from 1/8 to 1/128. For
this purpose eight racks of empty tubes are prepared
(Nos. 2 to 9) together with trough I containing saline
and trough II containing antigen. (1) Forty vol. of
saline are taken up into each pipette and 5 vol. dis-
pensed into each tube of racks Nos. 3 to 9. (2) Ten
vol. of neat sera are taken up from rack No. 1 and
5 vol. expelled into rack No. 2. The remaining
5 vol. are dispensed into the tubes of each rack
No. 3 (already containing 5 vol. of saline) and mixed
thoroughly. Five vol. of the diluted mixtures are
taken up and dispensed into the tubes in rack No. 4.
Proceed in a similar fashion with the remaining racks
up to rack No. 9, from which 5 vol. of the diluted
sera are taken up and then discarded. The pipettes
may be changed between each dilution if required.
(3) The pipettes are changed and 8 vol. of antigen
taken up from trough II. One volume of the con-
tents is dispensed into all the tubes of racks No. 2
to 9 and the tubes shaken.
Rack No. 2 contains 5 vol. of each serum (A to L) neat and I vol. of

antigen
Rack No. 3 contains 5 vol. of each serum (A to L) diluted 1, 2 and

I vol. of antigen
Rack No. 4 contains 5 vol. of each serum (A to L) diluted 114 znd

I vol. of antigen
Rack No. 5 contains 5 vol. of each serum (A to L) diluted 1/8 and

1 vol. of antigen
Rack No. 6 contains 5 vol. of each serum (A to L) diluted 1/16 and

1 vol. of antigen
Rack No. 7 contains 5 vol. of each serum (A to L) diluted 1/32 and

1 vol. of antigen
Rack No. 8 contains 5 vol. of each serum (A to L) diluted 1/64 and

I vol. of antigen
Rack No. 9 contains 5 vol. of each serum (A to L) diluted 1128 and

I vol. of antigen
The tests are ready for incubation.

The Wassermann Reaction
The technique adopted is described by Price (1949,

1950).
Titration of Complement.-The following materials

are required: (1) a series of complement dilutions of
1 /10 to 1 / 1,000 contained in tubes A to L in rack
No. 2; (2) saline contained in trough I; (3) normal
serum contained in trough II; (4) sharply reacting
serum contained in trough III; (5) antigen suspension
contained in trough IV; (6) sensitized red blood cells
contained in trough V.

Five racks, Nos. 3 to 7, with empty test tubes are
set up as follows:
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TECHNICAL METHODS

Rack No. 3 containing 10 tubes A to J
4 5 A, E
5 , 5, A,,E
6 ,, 7,, A ,,G
7 ,, 7,, A ,,G

The procedure is as follows:
(1) A set of 10 pipettes is fixed in the dispenser in

positions corresponding from A to J. Five vol. of the
complement dilutions are aspirated from rack No. 2
and I vol. dispensed into each tube in racks Nos. 3
to 7.* (2) The pipettes are changed and 8 vol. of
saline aspirated from trough I. Two vol. in rack
No. 3, 1 vol. in racks Nos. 4 and 5, and 2 vol. in
racks Nos. 6 and 7 are dispensed. (3) The pipettes
are changed and 1/5 volume of normal serum from
trough II aspirated and dispensed into rack No. 5.
(4) Then 1/5 vol. of strongly reacting serum from
trough III is aspirated and dispensed into rack No. 6.
(5) The pipettes are changed and 2 vol. of antigen
from trough IV aspirated and 1 vol. delivered in each
of racks Nos. 4 and 5. (6) New pipettes are fixed
and volumes of sensitized red blood cells from trough
V are aspirated and 1 vol. dispensed in all of the
tubes of racks Nos. 3 to 7.
The racks contain the materials shown in Table III.

The results are read after 30 min.

TABLE III
TITRATION OF COMPLEMENT

Sensi-

Rack Number of SComplementSal Nor- Posi- Anti edTubes Coplm nt e mal live Aenti Red
No. in a Dilutions me Serum Serum genBloodinRack~~~ Vol.) (Vol.) (Vol.) (Vol.) Cells

~~~~~l~~~(Vol.)

3 10 (A to J) I vol. 2 - 1
I/lOto l 100

4 5 (A to E) I vol. 1 - - 1 1
1110 to I ,50

5 5 (A to E) I vol. I 1 5 - 1 1
1/10 to 11'50

6 7 (A to G) 1 vol. 2 - 15 _-
1/10 to 1 '70

7 7 (A to G) I vol. 2 1,5 - - 1
1/10 to 1/70

Complement-fixation Technique.-The sera under
test (A to L) contained in rack No. 1 are serially
diluted in twofold dilutions starting at 1: 5 as
described above, rack No. 2 containing the 1:5
dilutions of sera A to L and, similarly, rack No. 3
containing 1: 10 dilutions and so on. To each rack
is added 1 vol. of diagnostic dilution of complement
and 1 vol. of antigen contained in troughs after incu-
bation. Sensitized red blood cells are added to all
the tubes from a trough.

The " Precipitin Ring " Test
This test is performed in the small pipettes with an

internal diameter of 2 to 3 mm. containing 0.2 ml.
Let it be assumed that 12 different antigenic extracts
are to be identified by testing each one in turn for

* It is expedient to complete the vacant holes in the racks with
empty test tubes to collect material which is dispensed from 10
pipettes. The tubes concerned can then be discarded. This proce-
dure is simpler than adjusting to correct number of pipettes each time.

R

the formation of a " precipitin ring " with five
different antisera.
The following are required:
Antigen extracts 1 to 12 in a row of tubes in rack

No. 1; five common troughs Nos. Cl to C5 each
containing a different antiserum; five small pipette
racks each containing 12 clean pipettes; five plasti-
cine racks Nos. P1 to P5.

(1) The small pipettes are inserted into the machine.
(2) From rack No. 1 containing the 12 extracts, about
0.05 ml. of each extract is taken up into the pipettes.
(3) Trough Cl is next presented to the pipettes and
about 0.05 ml. is taken up into the pipettes already
containing the 12 test extracts. The trough is re-
moved and air is drawn up into the pipettes by push-
ing the volume control lever forward, thus moving
the column of fluid up the tube until the junction of
the two fluids is situated about the middle of the
pipette. When carried out smoothly, this operation
ensures a very good interfacial contact between the
antigen in the upper portion of the pipette and the
antiserum below it. (4) A plasticine rack, P1, is
raised on the platform until the tips of the pipettes
are embedded into the plasticine. The pipettes are
released by moving the clamping lever and the plat-
form lowered, leaving the pipettes in a row in the
plasticine rack in their correct positions (Fig. 5).
(5) The procedure is repeated with other antisera.

This procedure has been used routinely for several
years and the rapidity and efficiency of the method
has made it possible for a single technician to carry
out up to about five thousand individual tests in a
morning, reading the results in the afternoon.
The recording of the tests is extremely simple, as the

situation of all the racks (lettered A to L) indicates the
extract concerned.

Sununary
A multiple dispenser is described, devised for the

rapid setting up of standard serological tests, with
which 12 titrations can be carried out simultaneously.
The machine illustrated in Figs. 3, 4, and 5 was

made by Mr. L. A. Steiner, 69 Braemar Avenue.
London, S.W.19, to whom I am grateful for many
suggestions which have been adopted. I am also
indebted to Mr. C. J. Greenall, of Glass Printers
Ltd., Harrow, for his help in the production of the
glassware used with the apparatus described.

I am indebted to the Colonial Medical Research
Committee of the Colonial Office, which largely
financed this work with funds under the Colonial
Development Welfare Act.
An application for the letters patent has been filed

for the author by the National Research Development
Corporation under patent application No. 8973/54.
The apparatus is now produced by Messrs. Nash

and Thompson, Ltd., Oakcroft Road, Chessington,
Surrey.
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