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SYNOPSIS

The International Reference Preparation for Opacity has been
established by the WHO Expert Committee on Biological Stan-
dardization. The preparation is a suspension of Pyrex-glass particles
of approximately the size of bacteria, and is similar to the standard
for opacity used by the National Institutes of Health (Public Health
Service), Bethesda, Md., USA (which have supplied it). The
preparation, to which has been assigned an opacity of 10 Inter-
national Units per millilitre, may be used for the direct visual
estimation of the opacity of bacterial suspensions. It is held, for
distribution to national laboratories for biological standards, by
the Department of Biological Standards, Statens Seruminstitut,
Copenhagen, Denmark.

Direct visual estimation of the opacity of bacterial suspensions-for
example, vaccines-is carried out wherever such suspensions are used and
individual laboratories often adopt some type of reference preparation or
standard procedure in order to secure uniformity. It has long been felt
that there was a need for an international reference preparation which
would enable workers in different laboratories to compare their results
and health authorities to formulate simple requirements for vaccines.
Such an International Reference Preparation has now been established
(October 1953),1 and is held, for distribution to national laboratories for
biological standards, by the Department of Biological Standards, Statens
Seruminstitut, Copenhagen, Denmark.

Two main problems are involved in selecting suitable material for a
reference preparation for the opacity of bacterial suspensions: first, the
preparation must be " optically similar " to bacterial suspensions; secondly,
a reference preparation must consist of particles which remain uniformly
suspended for a reasonably long time and which do not undergo changes

1 World Health Organization, Expert Committee on Biological Standardization (1954) Wld Hlth Org.
techn. Rep. Ser. 86, 14
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when stored for long periods. It would be desirable, of course, to word the
first requirement more precisely; however, bacteria differ in size and che-
mical composition, and suspensions of different strains will not behave
identically with respect to absorption and scattering of light under all
conditions. The question of practical importance therefore, is to decide
whether different suspensions are reasonably similar and whether a single
reference preparation can be found which can be used to characterize
different types of bacterial suspensions with sufficient accuracy.

This is not the place to discuss the different materials which have been
used as reference preparations in various laboratories (barium sulfate
(BaSO4), kaolin, etc.). The purpose of this note is to describe the type of
preparation which, after careful examination in a number of laboratories,
has been accepted by the WHO Expert Committee on Biological Standar-
dization as a useful reference preparation and to examine how it meets
the general requirements outlined above.

The Suspension

The material which constitutes the International Reference Preparation
for Opacity is a suspension in distilled water of small particles of Pyrex
glass. To the suspension, as issued, an opacity of 10 International Units
per millilitre has been assigned. This material has kindly been placed at
the disposal oftheWorld Health Organization by the Biologics Control Labo-
ratory, National Institutes of Health (Public Health Service), Bethesda,
Md., USA, where this type ofsuspension has been used as a working standard
for the characterization of pertussis vaccines and suspensions of challenge
bacteria since 1945.

Procedure

Preparations similar to the International Reference Preparation may
be obtained by the following procedure: Chips of colourless Pyrex glass,
about one-half to one inch (12.5-25 mm) in size, are placed in a large flask
and covered with distilled water. The maximum amount of glass treated
in any one flask should not exceed one-fourth of the capacity of the flask.
The flask is placed in a shaking-machine, shaken for two hours, and then
held at rest until sedimentation of the original stock pieces is complete.
(Shaking-machines giving 120 strokes per minute over a 4-inch (10-cm) arc,
as well as machines with an arm stroke of 1.6 inches (40.5 mm) and 280
cycles per minute, have yielded satisfactory preparations.) The liquid
fraction is decanted and an equal volume of fresh distilled water is added
to the residual glass in the flask. Shaking for two hours is repeated, the
stock pieces are allowed to sediment, and the liquid fraction is again dis-
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carded. The edges of the glass pieces remaining in the flask should now
be smooth and further grinding in water will extract homogenous particles
of bacterial size.

The flask containing the smooth-edged glass fragments is sterilized by
autoclaving, and a litre of distilled water, containing a bacteriostatic agent
(1/10,000 sodium ethylmercurithiosalicylate) is added. The suspension is
again shaken, for ten hours on each of two successive days. To minimize
contamination with bacteria and moulds, this operation is best performed
at 20-100 C with the flask also held at this temperature overnight betweeen
each period of shaking. After the second ten-hour shaking, the flask is
held at rest for one hour to allow the larger particles to settle out, leaving
a cloudy suspension of smaller particles. This suspension is decanted and
allowed to stand for two more hours. A second decanting, carefully per-
formed to avoid transferring sediment, gives a colloidal fraction which
becomes the basic suspension for the opacity standard. This suspension is
very stable, as indicated by observation, requiring more than three weeks
for the dispersed particles to settle out completely. It is stored in a glass-
stoppered bottle until diluted and standardized for distribution (paper by
Brewer & Cook2 and personal communication, 1954, from M. Pittman).

This stock suspension is adjusted photometrically to the desired optical
density by means of a pair of matched, 15-mm, Pyrex tubes; (the Lumetron
colorimeter (Photovolt Corporation) and the Coleman spectrophotometer
have proved satisfactory). A measured volume of the basic suspension is
delivered into one tube and diluted with distilled water to an opacity that
gives 54% transmission of light when compared with a distilled-water
blank in the second tube. Using a red 650-mp filter, this dilution usually
gives 60% transmission; using a blue 420-mv filter, the same dilution will
transmit 47.5 % of the incident light. Using distilled water containing
sodium ethylmercurithiosalicylate (1/10,000), the basic suspension is now
diluted by the amount determined in the preliminary dilution. The opacity
of a sample of the diluted suspension is checked with a 530-mu filter and
matched tubes, the dilution adjusted if necessary to 54% transmission, and
the final preparation dispensed as 20-ml quantities in vials. The vials are
sealed immediately, labelled, and dated.

In making up a substandard of similar material for use in a given country
or institute the above measurements may be omitted in favour of direct
photometric comparison of the substandard with the International Refe-
rence Preparation. It is not certain, however, that a substitute preparation,
even when made according to the above description, will match the Inter-
national Reference Preparation completely; it is advisable to adjust the
new preparation to give the same transmission as the International Reference
Preparation at about 500-600 m,u (which corresponds nearly to the maximum

2 Brewer, J. H. & Cook, E. B. M. (1939) Amer. J. publ. Hlth, 29, 1147
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sensitivity of the human retina and to the intensity-maximum of sunlight)
and to ignore deviations between the preparations in red and blue light if
these amount to only a few per cent. It should be stressed, furthermore,
that for direct visual comparison it is important that the ground-glass
suspensions should not be visibly coloured.

The International Reference Preparation for Opacity forms a slightly
greyish suspension which, after shaking, remains optically uniform for about
ten minutes, after which time sedimentation becomes noticeable photo-
metrically. This means that the suspension should be shaken gently between
readings. In the microscope most of the glass particles are seen to corre-
spond in size to coliform bacteria (1.5-3 p, long), though a number of very
small particles exhibiting lively Brownian movements are noticed. The
larger particles can be seen to have sharp edges and they present reflecting
surfaces different from those of bacteria.

Properties

The relatively high sedimentation-rate and the surface properties of the
glass particles show clearly that the reference preparation cannot be expected
to behave optically like a bacterial suspension under all conditions. To
what extent a reference preparation of this type might be useful for direct
visual comparison with various bacterial suspensions had, therefore, to be
decided empirically, and, before adopting the ground-glass suspension as
an International Reference Preparation, the WHO Expert Committee on
Biological Standardization arranged for opinions on the usefulness and
limitations of the preparation to be obtained from a number of experienced
bacteriologists.3 The following paragraphs summarize the collected views
of those who contributed to this study,4 to whom we are greatly indebted.

With respect to the question of similarity between the International
Reference Preparation and various bacterial suspensions, there is general
agreement that they are sufficiently " similar to look at" to permit of direct
visual comparison. This opinion is based on examinations of differently
prepared pertussis, plague, cholera, and typhus vaccines. The accuracy
with which the opacity of a bacterial suspension can be matched with that
of the International Reference Preparation varies somewhat with the condi-
tions under which the comparison is made and with the experience of the

' World Health Organization, Expert Committee on Biological Standardization (1952-3) Wld Hith
Org. techn. Rep. Ser. 56, 17; 68, 7

' Colonel H. J. Bensted, Standards Laboratory for Serological Reagents, Public Health Laboratory
Service (Medical Research Council), London, England; Dr. D. C. Lahiri, Haffkine Institute, Bombay, India;
Dr. F. G. Morgan and Dr. J. J. Graydon, Commonwealth Serum Laboratories, Parkville, Melbourne, Vic-
toria, Australia; Dr. D. Ordman, South African Institute for Medical Research, Johannesburg, Union of
South Africa; Dr. A. W. Stableforth and Dr. H. H. Green, Ministry of Agriculture and FisheriesVeterinary
Laboratory, Weybridge, Surrey, England; Dr. A. F. B. Standfast, Department of Serums and Vaccines,
Lister Institute of Preventive Medicine, Elstree, Hertfordshire, England; Dr. W. G. Workman, Biologics
Control Laboratory, National Microbiological Institute, National Institutes of Health (Public Health Service),
Bethesda, Md., USA
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worker. The following measures may be suggested as ways of improving
the accuracy and the reliability of the readings: (1) Whenever it is desired
to make bacterial suspensions up to a given opacity, three dilutions of the
International Reference Preparation should be made, representing 90%,
100%, and 110% of the desired opacity, respectively. Using these 10%
intervals it is usually easy to adjust the bacterial suspension in such a way
that it matches the 100 % reference suspension and is definitely denser than
the 90% and lighter than the 110% suspension. (2) To facilitate the readings
it is useful to choose a definite light source, shielded so as not to blind
the observer, and a uniform background (a shielded lamp of the type
frequently employed for reading agglutination tests may prove useful).
(3) When carrying out direct visual comparisons between the International
Reference Preparation and an unknown bacterial suspension, optimum
sensitivity is obtained when the reference preparation is used in dilutions
not exceeding 1/2 and when clean, unscratched test-tubes with an inner
diameter of 10-20 mm (but not varying more than Y2 mm) are employed.

From the preceding remarks it follows that, under suitable conditions
and with some training, it is possible to adjust the opacity of a bacterial
suspension to that of the International Reference Preparation + about
10%-that is, to 10 units of opacity ± one unit.

In order to study the optical properties of the International Reference
Preparation further, a number of photometric measurements have been
carried out. Since, as already stressed, the reference preparation is to be
used mainly for direct visual estimations of opacity, results of the photo-
metric measurements are summarized only briefly: using a Coleman spectro-
photometer, with round cuvettes, 19 mmx 105 mm, various dilutions of
the International Reference Preparation and of pertussis, cholera, and typhus
vaccines were examined in red, green, and blue light (wave-lengths of700, 575,
and 425 miu, respectively). In the range between the dilutions 1/1 and 1/8 of
the International Reference Preparation, and corresponding dilutions of the
vaccines, almost parallel and linear " dose-response curves " were obtained
when plotting the log of the concentration against the log of the turbidity
(the latter expressed as " light stopped ", or 1-(fraction of light transmitted)).
Moreover, it was found that at all three wave-lengths the distances between
corresponding curves were very nearly the same. At high turbidities,
however, deviations from linearity became obvious and the different
suspensions exhibited different characteristics (as might have been expected
considering the different nature and size of the particles). Essentially
similar results have been obtained in other laboratories employing other
types of photometer, and altogether it may be concluded that the photo-
metric measurements strengthen the impression gained from the direct
visual estimations that the International Reference Preparation can legiti-
mately be used for determinations of the opacity of a variety of different
(colourless) bacterial suspensions.
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With respect to the requirement for stability, it may be stated briefly
that the stability of the International Reference Preparation is very satisfac-
tory. This conclusion is based on data obtained from laboratories in which
the same lot of a ground Pyrex-glass suspension has been used as a working
standard for several years without any change being noticed in the turbidity
(as measured photometrically).

It remains to say a few words about units of opacity as related to
numbers of bacteria per ml in test suspensions. The International Reference
Preparation has long been used by the Biologics Control Laboratory,
National Institutes of Health (Public Health Service), Bethesda, Md., USA,
for estimation of the density of pertussis vaccines, and it is adjusted to
correspond in opacity to a vaccine with 10,000 million organisms per ml.
Such translation of opacity into numbers of organisms per ml should,
however, not be attempted generally; it should be stressed that the growth
conditions and the subsequent treatment of the organisms making up a
vaccine may greatly influence the opacity of the vaccine taken as a function
of the number of organisms per ml (this is most pronounced in the case of
cholera vaccines). If it is desired, nevertheless, to translate opacity units
into number of organisms per ml, this number should be determined very
carefully on a suspension of bacteria which have been treated in a specified
manner. The conversion factor obtained for this batch should be used to
translate opacity units into number of bacteria per ml only when dealing
with suspensions of bacteria grown and subsequently treated in this parti-
cular manner.

RE'SUM1

Une Preparation Internationale de Reference permettant d'evaluer l'opacite de
suspensions bacteriennes - par exemple de vaccins- a ete 6tablie en 1953 par le Comite
pour la Standardisation biologique, de l'OMS. Les conditions optimales requises d'une
telle preparation sont les suivantes: elle doit etre (<optiquement semblable> a des sus-
pensions bacteriennes et permettre d'evaluer avec une precision suffisante l'opacit6 de
suspensions de differents types de micro-organismes; elle doit etre composee de particules
qui restent en suspension durant un certain temps et que la conservation, m8me durant
une longue periode, n'altere pas.

La Pr6paration Internationale de Reference d'Opacite est constitu6e par une suspension
dans l'eau distillee de particules de verre Pyrex traitees de fagon qu'elles aient 1,5 -3,u de
longueur. Une opacit6 de 10 Unit6s Internationales par millilitre a ete assignee a cette
Pr6paration.

L'auteur decrit la methode de preparation de solutions similaires qui, apres comparai-
son avec la Pr6paration de Reference, pourront etre utilisees comme 6talons secondaires
dans les divers pays.

En raison de sa vitesse de sedimentation assez 6levee et des proprietes de surface des
particules, la suspension de verre Pyrex ne peut etre, en toutes circonstances, ((optique-
ment semblable a des suspensions bacteriennes. Avant d'adopter cette suspension comme
Preparation Intemationale de Reference, le Comit6 d'experts pour la Standardisation
biologique a donc consulte divers bact6riologistes sur les limitations et les avantages de

774



INTERNATIONAL REFERENCE PREPARATION FOR OPACITY 775

cette pr6paration, eprouv6e par rapport a des vaccins anticoquelucheux, antipesteux,
anticholeriques et antityphiques. I1 ressort de cette consultation que dans des conditions
convenables et avec quelque experience, il est possible d'ajuster une suspension bact6rienne
a la Pr6paration de Ref6rence avec une approximation de 10%, soit de 1 unit6 d'opacite.
La stabilite de la Preparation est tres satisfaisante. Apres plusieurs ann6es d'usage,
son opacite n'a pas varie.

On ne peut etablir un facteur general de conversion qui traduirait l'opacit6 en nombre
d'organismes par millilitre de la suspension. L'opacite d'une suspension microbienne
depend des conditions de developpement de la culture et du traitement auquel on soumet
les micro-organismes composant le vaccin. Par cons6quent, un facteur de conversion
n'est valable que dans les conditions limitees et d6finies de chaque cas particulier.


