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STANDARDIZATION OF DIAGNOSTIC
AGGLUTINATION TESTS

Typhoid and Paratyphoid A and B Fevers *

A. FELIX, D.Sc., F.R.S.
Director, Central Enteric Reference Laboratory and Bureau, Public Health Laboratory

Service (Medical Research Council), London

Some years before the second World War, the Health Organization of
the League of Nations started an international inquiry aiming at the
standardization of the serum diagnosis of the enteric fevers. A considerable
amount of work was done, mainly on the initiative of Professor Th. Madsen,
and a brief account of the investigations that had been carried out up to
the end of 1938 was given by Gautier."1 The progress of this work may be
summarized as follows:

During 1935 and 1936 an international experiment on the Widal reaction
was carried out with the participation of the Cantacuzene Institute of Sera
and Vaccines, Bucharest, the State Serum Institute, Copenhagen, the
Standards Laboratory (Medical Research Council), Oxford, and the
State Institute of Hygiene, Warsaw. The results of these comparative
tests were analysed by Gardner, and his report was published in 1937.10
There was a surprisingly big variation among the results obtained in the
four different laboratories.

In July 1936, a meeting of experts took place under the auspices of the
Health Organization of the League of Nations during the Second Inter-
national Congress for Microbiology in London, and Felix & Gardner 6
were invited to prepare recommendations for the standardization of agglu-
tination tests in general and of the Widal test in particular.

The recommendations made by Felix & Gardner were endorsed by a
meeting of experts, held in London on 17 and 18 November 1937, under
the chairmanship of Professor Madsen.12

The conclusions of the experts who met in London were submitted to
the Permanent Commission on Biological Standardization at its last
meeting before the war, which was held in Paris from 19 to 22 October
1938. The commission considered it desirable that further research on

* A note submitted to the third session of the Expert Committee on Biological Standardization of the
World Health Organization, held in London in May 1949.
The Committee " accepted the proposal of Dr A. Felix to prepare eight horse antisera for the specification

of agglutinating suspensions for use in the serodiagnosis of typhoid and paratyphoid infections... The com-
mittee recommended that the antisera should be examined in laboratories in six countries for their
suitability as standard preparations, and that, if suitable, they should be adopted as international standard
preparations ."
The report on the third session of the committee was published in World Hlth Org. techn. Rep. Ser. 1950, 2.
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stable reagents (agglutinating sera and bacterial suspensions) should be
undertaken and concluded:

" In the meantime, it would be helpful if suspensions and agglutinating sera such as
those now produced at the Standards Laboratory at Oxford were made available from
an international centre for comparison with the reagents used in different countries and
laboratories, and also to assist in co-ordinating further research on the subject. As
many laboratories as possible should be encouraged to take part in the investigation
of the standardization of the agglutination tests." (Butll. Hlth Org. L.o.N. 1938, 7, 710)

Necessity for Immediate Action

The problem which called forth the recommendations made by the
Permanent Commission on Biological Standardization in 1938 still exists,
and is even more acute. In many countries, especially on the continent of
Europe, the incidence of typhoid and paratyphoid B fever has risen during
the postwar years to levels much higher than those known for many years
before the last war.14 The movement of large groups of people from one
country to another still continues to favour the spread of infection.

Diagnostic agglutination tests have their place in the control of the
enteric fevers and undoubtedly are destined to remain in universal use for
a long time to come. It is true that the methods of isolating typhoid and
paratyphoid bacilli have been greatly improved during the past few years
through the introduction of refined culture media. Nevertheless, agglutin-
ation tests with the patient's serum are often of value and will continue to
be employed as an auxiliary means of diagnosing cases of enteric fever.
Moreover, serological tests are indispensable for the successful conduct of
epidemiological field work. A retrospective diagnosis of missed cases and
the detection of cases of symptomless infection usually depend solely on
the result of serological examinations. More recently agglutination tests
have also been employed successfully in the control of typhoid and para-
typhoid convalescents with a view to detecting those who are likely to
pass into the chronic-carrier stage and prove a potential menace to the
community.4

It is evident, therefore, that it is as important today as it was fifteen
years ago to make a determined attempt to standardize these tests.

Present Position

The serological diagnosis of the enteric fevers is still carried out in
different countries according to methods that differ widely in their technical
details. In the following respects, the position has changed from what
it was fifteen years ago:

(1) separate suspensions of killed and preserved bacteria of the typhoid-
paratyphoid group are now generally used for the estimation of H and 0
agglutinins, as was recommended by Felix & Gardner (1937); 6
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(2) in most laboratories throughout the world the suspensions for the
estimation of TO and BO agglutinins are now made from cultures of the
permanent 0 variants of the two special strains recommended for the
purpose by Felix. 2

Thus a certain improvement has been effected, but it is quite insufficient
to secure uniformity in the results of the tests.

Dreyer's" standard" suspensions, prepared and issued by the Medical
Research Council's Standards Laboratory at Oxford, and, since 1946, at
Colindale, London, have been widely used in Britain and the Dominions
for more than 25 years and undoubtedly represent an important advance
on previous results. 7 8, 9 It is a mistake, however, to assume that by the
use of these suspensions the agglutination tests have been " standardized "
in the true meaning of the word, so as to render the results obtained
by different workers " strictly comparable ", as some textbooks put it.

It is impossible at present to adopt an antigen as a standard. "Standard "
agglutinable suspensions can be based only on corresponding "standard "
agglutinating sera, which can be dried and preserved in the manner known
from the standardization of therapeutic immune sera. This procedure,
suggested by Felix & Gardner (1937),6 has, however, not yet been systema-
tically applied to H and 0 agglutination tests.

Standardization of the Vi-agglutination Test

When the Vi-agglutination test for the detection of chronic typhoid-
carriers came into vogue, steps had to be taken to standardize the reaction.
It is known that the degree of Vi agglutination varies enormously with
different strains and even with cultures derived from the same strain,
because the titre of Vi agglutination is determined by the quantity
of the Vi antigen present in the culture, and this amount varies over a
wide range.5 Since no international committee or reference laboratory
existed that could deal with the matter, I had to take the necessary steps
independently.
A large Hatch of a so-called " provisional standard serum for Vi

agglutination" was prepared in horses at the Lister Institute, London.
This serum has been distributed to workers in various parts of the world
since January 1939, together with Bhatnagar's typhoid strain ViI, which
is recommended as a " pure " and sensitive reagent for the Vi antibody.'
The " provisional standard serum for Vi agglutination " is based on the
" dried provisional standard anti-typhoid serum ", which is held in custody
by the Department of Biological Standards, National Institute for Medical
Research, London.3 When the first batch of the " provisional standard
serum for Vi agglutination" was nearly exhausted, a second batch was
prepared in 1946 and standardized in a similar manner.
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A " standardized " preserved suspension for typhoid Vi-agglutination
was first prepared in 1939 by R. F. Bridges, of the Standards Laboratory,
Oxford, and has since been issued continuously for general distribution
to public health laboratories and hospital laboratories in Britain. Since
1946 the " provisional standard serum for Vi agglutination " has been
distributed simultaneously, in co-operation with the Standards Laboratory
for Serological Reagents, Central Public Health Laboratory, Colindale,
London (Director, H. J. Bensted). The directions for the performance
of the test emphasize the necessity for including in every routine test a full
titration of the " standard serum ", to serve as a control of the sensitivity
of the suspension. Where this advice has been followed, the results obtained
have been consistently correct throughout the past few years ; without
the control tests of the " standard serum ", entirely misleading results
may be obtained.

It may be stated with confidence that the " standardization " of the
Vi-agglutination test by means of the " provisional standard serum for
Vi agglutination" has been a success. It has enabled the public-health
authorities in Britain to introduce the test as a routine procedure in the
detection of chronic typhoid-carriers and in the follow-up of recovered
typhoid patients.

It should be mentioned that, owing to the well-known lability of the
Vi antigen, the preserved suspensions cannot be used for longer than two
or three months. For this reason the inclusion of a control with the
" standard serum " in each routine test is considered to be an indispensable
safeguard in the exact estimation ofthe Vi agglutinin. With H and 0 suspen-
sions, which are much less liable to deterioration on storage, less stringent
measures should be necessary for tests carried out in routine laboratories.

International Serum Standards for H, 0 and Vi Agglutination Tests
There can be no doubt that it is feasible to standardize H and 0

agglutination tests in a manner analogous to that described in the preceding
section in respect of typhoid Vi-agglutination. It is also obvious that this
can be achieved without any particular difficulty, since the preparation
and preservation of H and 0 suspensions are relatively simple matters
compared with the difficulties caused by the typhoid Vi-suspension.

It is not proposed to make any recommendations for the standardization
of details of technique of the routine Widal test. All that is needed as a
first step is the adoption of international serum standards for the deter-
mination of the various H and 0 agglutinins, analogous with the existing
standards of antitoxins, etc. The " international standards " would be
made available to approved national centres and would enable them

(a) to prepare, within their sphere of action, " standard agglutinating
sera", each serum based on the corresponding " international standard";
the sera would be available for general distribution in each country;
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(b) to issue H and 0 suspensions, which would be tested each against
the corresponding " standard agglutinating serum "; the sensitivity of the
suspensions from successive batches could be allowed to vary within a
reasonably wide range.

To give an example: The " standard titre " of TH agglutination of a
serum under examination is the dilution of the serum which gives agglutin-
ation against any TH suspension to a degree equal to that produced by
that dilution of the " standard serum " which has been designated as its
" standard titre ". The determination of the " standard titre " is, therefore,
independent of the sensitivity of the suspension employed.

According to Dreyer's technique, the determination of the " standard
titre " was based on the use of a " standard agglutination tube " and a
" reduction factor ". Both these aids had been devised to meet the special
conditions obtaining in H agglutination, but it is now known that they are
inapplicable to 0 and Vi agglutination. By the use of a " standard aggluti-
nating serum " it is possible to determine the "standard titre "indepen-
dently of the most disturbing variable factor concerned in the reaction,
namely, the varying sensitivity of the suspension employed.

It may be argued that it is impracticable fo include a control tube for
each suspension and its corresponding " standard serum " with every
series of routine tests, especially when these are carried out every day, or
several times a week. This is certainly unnecessary for an experienced
worker, though it is essential for the beginner. It is well known that the
sensitivity of preserved H and 0 suspensions, when they are handled with
due care and stored in the dark in a refrigerator, does not vary appreciably
over short periods of time, i.e., a few days or weeks. From my own experi-
ence, it can be stated that skilfully prepared H and 0 suspensions may
retain their original sensitivity for several years. Once the worker has
become acquainted with the degree of " standard agglutination" shown
by a given batch of suspension and the "standard serum ", he will find
it unnecessary to put up the control more often than at weekly or fort-
nightly intervals, which is enough to safeguard against a marked change
in the sensitivity of the suspension.

It is suggested that a start could be made by adopting "standard
agglutinating sera" for

Typhoid H agglutination
Paratyphoid-A H agglutination
Paratyphoid-B specific H agglutination
Paratyphoid-B non-specific H agglutination
Typhoid 0 agglutination
Paratyphoid-A 0 agglutination
Paratyphoid-B 0 agglutination
Typhoid Vi agglutination.
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It does not seem necessary at present to provide H and 0 sera for
paratyphoid C, in view of its limited geographical distribution.

These eight " standard agglutinating sera " are being prepared in horses
in very large batches, in co-operation with H. J. Bensted. They would
serve as international standard preparations, if the Expert Committee on
Biological Standardization of the World Health Organization considered
them suitable ; but their characterization, their preparation in a form fit
for international standards, and a test of their usefulness throughout the
laboratories of the world would necessitate co-ordinated research, which
might be organized under the auspices of WHO.

It seems unnecessary, in this article, to take up the discussion of the
theoretical aspects of the problem at the point where it was left in 1938.'3
No serologist who has had experience of the practical problems involved
could now seriously suggest the employment of dried bacteria in the prepar-
ation of diagnostic agglutinable suspensions, or of "purified " H antigens
and fractions of the 0 antigens in the preparation of the required " standard
agglutinating sera ". It is also obvious that, in the routine diagnosis of the
three fevers with which we are here concerned, there is no room for special
consideration of the numerous partial antigens into which the 0 antigens
have been split according to the Kauffmann-White scheme.a The different
roles which the various H, 0, and Vi agglutination reactions play in the
serological diagnosis of these diseases are now firmly established, and their
limitations are also well known. There is good reason for believing that
the adoption of the suggested international sera standards may prove to
be the most effective single step in any attempt to secure greater uniformity
in the results of the Widal test.

SUMMARY

1. Previous attempts to standardize the serum diagnosis of enteric fevers are briefly
reviewed.

2. The need is emphasized for taking action without delay to standardize the diag-
nostic agglutination tests for enteric fevers.

3. Various methods, used in different countries, of carrying out serological diagnosis
of the enteric fevers are reviewed and changes in technique are discussed.

4. The various steps leading to the "standardization " of the typhoid Vi-aggluti-
nation test are explained.

5. It is believed that the H and 0 agglutination tests could be standardized in an
analogous manner. It is suggested that a start could be made by adopting " standard
agglutinating sera" for typhoid H, 0, and Vi agglutination, for paratyphoid-A H and
O agglutination, and for paratyphoid-B specific and non-specific H, as well as for 0,
agglutination. Co-ordinated research on the use of these eight " standard agglutinating
sera" as international standard preparations might be organized under the auspices
of WHO.

a See Salmonella Subcommittee of the Nomenclature Committee of the International Society for Micro-
biology (1934) J. Hyg., Camb. 34, 333. - ED.
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