
Notes
A Method for the Blood-Serum Assay
of the Blood-Level Duration Test
for Oily Injection of Procaine Penicillina
by J. W. LIGHTBOWN, M. V. Mussmr and D. SULITZEANU,b Department of Biological
Standards, National Institute for Medical Research, London

In a previous paper,c a detailed description was given of the technique
of an assay of penicillin in blood serum using Sarcina lutea as the test
organism. This method may be used in blood-level duration tests for
long-acting penicillin preparations such as procaine penicillin in oil with
aluminium monostearate (PAM).

The present note outlines the requisite details for performing the assay
and gives a full description of the statistical analysis of the experimental
results for an assay design in which two dilutions of standard penicillin
and two serum dilutions are placed on each of a number of Petri dishes.
A numerical example of the evaluation of the penicillin concentration in a
particular sample of serum has been included.

For full details of the experimental technique, the reader is referred to
the previous publication.c

Blood-serum assay (Sarcina lutea method). The antibiotic potency of a
sample of serum presumed to contain penicillin is determined by comparing
the volumes of the serum required to inhibit the growth of a suitable strain
of S. lutea with the quantities of the International Standard for Penicillin
which produce the same degree of inhibition.

International Standard for Penicillin and International Unit. The Inter-
national Standard is a quantity of the sodium salt of pure benzylpenicillin.d
The International Unit is the specific activity contained in 0.000598 mg
of the International Standard.

Assay medium. Nutrient agar for maintaining the test organism and
for carrying out the assay is prepared as follows:

Peptone . . . . . . . . . . . . . . . . . . . . . 6.0 g
Pancreatic digest of casein . . . . . . . . . . . . . 4.0 g
Yeast extract . . . . . . . . . . . . . . . . . . . 3.0 g
Beef extract . . . . . . . . . . . . . . . . . . 1.5 g
Glucose.... ..0g
Agar . . . . . . . . . . . . . . . . . . . . 15.0 g
Water, sufficient to produce . . . . . . . . . . . . 1000 ml

a See Wld Hith Org. techn. Rep. Ser., 1953, 63, 55
b Holder of Humanitarian Trust Fellowship of the Hebrew University, Jerusalem. Present address:

Department of Bacteriology, Hebrew University, Hadassah Medical School, Jerusalem.
C Lightbown, J. W. & Sulitzeanu, D. (1957) Bull. Wld Hlth Org., 17, 553
d See Pharmacopoea Internationalis, Volume 11, Appendix 10, p. 260
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NOTES

The reaction is adjusted so that the pH is 6.5-6.6 after autoclaving.

Preparation of solutions for assay. Solutions of the standard penicillin
and dilutions of the sera being tested are prepared with phosphate buffer,
pH 7.0. Two solutions of the standard are prepared, containing concentra-
tions of 0.08 and 0.02 international units (IU) per ml. Each serum is
used both undiluted and diluted 1: 4.

Preparation of culture suspension. A suitable test organism is Sarcina
lutea (N.C.T.C.8340, A.T.C.C.9341, PCI 1001). The test organism is
maintained on the nutrient agar described above and transferred to fresh
agar once a week. A suspension of the test organism is prepared as follows:
A nutrient agar slant is streaked with the test organism and incubated

for 24 hours at 25-30°C. The growth is washed off with nutrient broth and
the density of the suspension is adjusted to give 50% light transmission
at 650 m,u in a suitable photo-electric colorimeter. A fresh suspension
should be prepared each day.

Preparation of the plates. The nutrient agar is cooled to 50°C after
melting and inoculated with 1% (v/v) of the culture suspension immediately
before the plates are poured. Petri dishes or rectangular trays previously
warmed to about 370C are filled with inoculated agar to a depth of 1.5 mm,
and the dishes or trays are then rapidly tilted to ensure an even distribution
of agar. The dishes or trays should be specially selected with flat bottoms
and should be placed on a level surface so as to ensure that the layer
of medium will be of uniform thickness. The plates are allowed to
dry at room temperature for 30 minutes and are used within one or
two hours. The inoculated plates must not be stored in the refrigerator
before use.

The solutions for assay may be applied to the dishes or plates in small
sterile cylinders, but care must be taken that the cylinders are not embedded
too deeply in the thin layer of agar. Fish-spine beads may be used instead
of small cylinders, as described in the paper referred to above (see foot-
note c).

If Petri dishes are used, the four solutions for assay-two of standard
and two of serum-are placed on one dish. If large plates are used, the
solutions should be randomized in a Latin square design.

After incubation for 24 hours at 25-30°C, the diameters of the zones
of inhibition are measured with the greatest possible accuracy. From the
results the potency of the samples of sera being tested are calculated. A
linear relationship is obtained between the logarithm of the concentration of
penicillin and the square of the diameter of the zone of inhibition which it
produces.

Limits of error. Limits of error (P=0.95) of the order of 80-125 % of
the estimated potency may be expected when between five and ten Petri
dishes are used for each serum sample.
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BLOOD-SERUM ASSAY OF PENICILLIN

Statistical analysis. Two dose levels of the standard solution of peni-
cillin (S) and two of the serum to be tested (T) are placed on each of n Petri
dishes. The doses (TL and TH) of the serum under test sould be expressed
in terms of the serum concentration (undiluted serum- 1, serum diluted
1: 2=0.5, etc.).

The doses (SL and SH) of the standard penicillin solution should be
expressed in IU per ml, and the ratio SH: SL should be equal to the ratio
TH: TL .

If this common ratio equals k,
Log k = I

Since the square of the zone diameter is linearly related to the logarithm
of the dose, each diameter is squared and tabulated (Table 1).

TABLE 1. SQUARED ZONE DIAMETERS (DIVIDED BY A COMMON FACTOR,
IF NECESSARY)

Petri dish SL(xIk lU/ml) SH(X lU/ml) TL(1lk) TH (1) Sum

1 A, B, a, , T,

2 A, B, a2 b, T2
3 A3 B, a3 b, T3

n An Bn a. bn Tn

Sum A B a b T

The squares are sometimes large values, making the calculation unneces-
sarily tedious. If this is the case, it is permissible to divide each value by
a common factor (e.g., 100) before entering the table, and to round off to
two or three significant figures.

In Table 1, A1, A2 ... An represent the squares of zone diameters
produced by SL and there is a similar notation, using B, a and b respectively,
for doses SH, TL and TH.

Each column of Table 1 is summed
Al + A2 + A3 + . . . An = A etc.
Each row of Table 1 is also summed
A1 + B1 + a, + b, = T1 etc.
The grand total T = T1 + T2+ T3 + . . . T,, = A + B + a + b
The potency of the undiluted standard solution of penicillin is defined

as x IU per ml.
It is necessary to show that the regression of response on log-dose is

significant, that the departure from parallelism of the two log-dose response
lines is not significant and to isolate a variance for the residual error of
the assay.

All this can be conveniently calculated in the form of an analysis of
variance (Table 2).
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TABLE 2. ANALYSIS OF VARIANCE FOR DATA IN TABLE I

Source of variation Sum of squares Degrees of freedom

Between sera X214n 1

Common regression Y214n 1

Departure from parallelism Z214n 1

Between Petri dishes D2_C n-1

Residual error S2-D2-14n (X2+ Y2+Z2) 3n-3

Total S2t-C 4n-1

For computing Table 2, the following values are required:
X -A - B + a + b
Y -A + B - a + b
Z = +A - B - a + b

The sum of squares for " between sera " is entered as X2/4n
The sum of squares for " common regression" is entered as Y2/4n
The sum of squares for " departure from parallelism" is entered as

Z2/4n
A correction factor C T2/4n

D2 = 1 (T12+T22+T2 + ...T2)
4

Then the sum of squares for " between Petri dishes " equals D2 _ C.
S2 is the total sum of the squares of responses, where response is defined as
the squared zone diameter.
S2 = A12 + A22 + ...An2+ B12 + B22 + ...Bn2 + a,2 + a22 +...
an2+ b12 + b22 + ...bn2
The " total " sum of squares in the analysis of variance equals S2 -C.
The remaining value, that for residual error, is the difference between the
total sum of squares and those due to all other sources of variation.

The error variance (s2) is obtained by dividing the residual error sum
of squares by its degrees of freedom, 3n - 3.

Tests of significance for regression and parallelism
The value F is read from tables of the variance ratio with 1 and (3n -3)

degrees of freedom for P=0.05.
FR is the ratio Y2/4n to S2
FP is the ratio Z2/4n to S2
If FR > F the regression is significant.
If FP < F the departures from parallelism are not significant.
The assay results are acceptable only if both these conditions are ful-

filled.
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BLOOD-SERUM ASSAY OF PENICILLIN

Calculation of potency

I x
M _

Estimated potency in IU per ml is x (antilog M).

Calculation of limits oJ error

Variance ofM - VM =
s2I24n(X2 + y2)

Y4
The square root of VM is SM, which is the standard error of M. t is

read from tables of t with (3n-3) degrees of freedom for P=0.05.
Upper limit of error (P = 0.95) = antilog [M + tsM].
Lower limit of error (P = 0.95) = antilog [M - tsM].
To obtain limits of error appertaining to the estimate of potency in

terms of IU per ml, these values should be multiplied by x.

Numerical example. The diameters of the zones of inhibition measured
in the assay of a sample of serum are given in Table 3.

TABLE 3. ZONE DIAMETERS (IN mm) AFTER x 10 MAGNIFICATION

Petri dish SL(O.O2 lU/ml) SH(O.O8 IU/ml) TL(O.25) TH(l)

1 94 214 111 191

2 51 209 106 215

3 106 195 87 211

4 109 216 95 197

5 97 205 104 203

Solutions of standard penicillin, containing 0.08 and 0.02 IU per ml,
had been placed on each of five Petri dishes, together with the undiluted and
a 1: 4 dilution of the serum under test. In the notation defined above:

k -4
I = 0.60206
n = 5
x - 0.08

The values from Table 3 are each squared and divided by 100 (Table 4).

X= -20 Y = 3286 Z= -160

The sum of squares for " between sera " (20) 2/20 = 20.0
The sum of squares for "common regression"= (3286)2/20 = 539 889.8
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TABLE 4. SQUARED ZONE DIAMETERS (DIVIDED BY 100)

The sum of squares for "departure from parallelism"= (160)2/20 = 1280.0
C = (5182)2/20 = 1 342 656.2
D2z= 1 342 986.5
S2 = 1 901 778.0

The sum of squares for "between Petri dishes" = 330.3
The sum of squares for "total " = 559 121.8
These sums of squares are entered in the analysis of variance table

(Table 5) and the residual error calculated as

559 121.8 - (20.0 + 539 889.8 + 1280.0 + 330.3) = 17 601.7
s2 = 17 601.7/12 = 1466.81

TABLE 5. ANALYSIS OF VARIANCE FOR DATA IN TABLE 4

Source of variation Sum of squares Degrees of freedom

Between sera 20.0 1

Common regression 539 889.8 1

Departure from parallelism 1 280.0 1

Between Petri dishes 330.3 4

Residual error 17601.7 12

Total. 559 121.8 19

From the appropriate statistical tables we read that F at P = 0.05
with (1, 12) degrees of freedom is 4.75.

FR = 539 889.8/1466.81 = 368.07
We conclude that the regression is significant, since FR > F.
FP= 1280.0/1466.81 = 0.87

Petri dish SL(O0O2 lU/ml) SH(OO8 lU/ml) TL(O.25) TH(1) Sum

1 88 458 123 365 T, = 1034

2 26 437 112 462 T2 = 1037

3 112 380 76 445 T3 = 1013

4 119 467 90 388 T4 = 1065

5 94 420 108 412 T5 = 1034

Sum . . . A= 439 B= 2162 a= 509 b= 2072 T= 5182



SIGNIFICANCE OF LOW SERO-AGGLUTINATION TITRES IN CATTLE 1091

We conclude that there are no significant departures- from parallelism,
since Fp <F.

The conditions for a valid assay are therefore fulfilled and we proceed
to estimate the potency and its limits of error.

M 0.60206 (-20 0.00037 1 99963
\3286,

The estimate of penicillin concentration in the undiluted serum is
0.08 x 0.99914 = 0.0799 IU per ml.

(1466.81)(0.60206)2(20)(400 + 10 797 796)
VM = (10 797 796)2

(171.28)2(0.60206)2(3286.06)2
(10 797 796)2

(171.28) (0.60206) (3286.06)
SM= 10797 796

t at P = 0.05 with 12 degrees of freedom is 2.179.
Upper limit of error = antilog [- 0.00037 + 0.06838]

= antilog [0.06801] = 1.1695
Lower limit of error = antilog [-0.00037 - 0.06838]

= antilog [-0.06875] = 0.8536
The limits of error in IU per ml are

1.1695 x 0.08 = 0.094 and 0.8536 x 0.08 - 0.068
Thus, from this assay it is estimated that the undiluted sample of serum

contains 0.0799 IU ofpenicillin per ml, and the limits of error of this estimate
(P = 0.95) are 0.094 and 0.068 IUper ml. '

The Significance of Low Titres in the Sero-agglutination
Test for Brucellosis in Cattle

by OLAV SANDVIK, Associate Professor, Institute of Bacteriology and Hygiene,
Veterinary College of Norway, Oslo

The standard antigens and techniques recommended by the Joint
FAO/WHO Expert Committee on Brucellosis a for the Brucella abortus
agglutination tests ensure that the tests should give comparable results,
irrespective of time and place. The interpretation of the results still offers
some problems, however, especially with regard to the significance of low
titres (1: 5 and 1: 10 in the method described below). In order to elucidate
this question, a series of tests were carried out in the autumn of 1957 at

a Wld Hlth Org. techn. Rep. Ser., 1953, 67
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