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STANDARDIZATION OF SEROLOGICAL TESTS
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Survey of Recent Work

Great advances have been made in the serology of the fevers of the
typhus group during the past ten years, thanks to the discovery of the
methods of growing rickettsiae in the yolk sac of the developing chick
embryo (Cox 7) and in the lungs of infected rats and mice (Castaneda 6).
During the second World War, agglutination and complement-fixation
tests with rickettsial suspensions and the serum from patients suffering
from the different varieties of typhus were carried out on a fairly large
scale in various parts of the world. These tests have the great advantage
of making it often possible to distinguish those varieties of typhus which
give overlapping reactions to the Proteus OX antigens and which, therefore,
cannot be differentiated by the Weil-Felix test.

At the same time, the limitations and pitfalls inherent in the tests with
rickettsial suspensions have also been recognized. These may be summarized
as follows:

1. In cases of louse-borne and murine typhus, the significant positive
reaction by means of complement-fixation with rickettsiae is usually
obtained later than by the Proteus OX19 reaction. In the majority of cases,
the time lag is not less than five or six days. This is a serious disadvantage
since the clinical diagnosis of typhus is not altogether easy, so that early
guidance is sought from laboratory findings.

2. In patients recovered from an attack of one of the different varieties
of typhus, complement-fixing antibodies for rickettsiae persist at a significant
titre for a long time, usually for many months or even years. For this
reason the test is of little practical value for the retrospective diagnosis
of missed cases, or for the detection of recent cases of so-called inapparent

* A note submitted by the Department of Biological Standards, National Institute for Medical Research,
London, to the third session of the Expert Committee on Biological Standardization of the World Health
Organization, held in London in May 1949.

The committee examined the note and " accepted the proposal of Dr A. Felix to prepare horse antisera
for the specification of the X strains of Proteus for specifying agglutinating suspensions to be used in the
serodiagnosis of rickettsial infections. Antisera for the following antigens will be made: P. OX19;
P. OXK; P. OX2. The committee recommended that the antisera should be examined in laboratories insix
countries for their suitability as international standard preparations. The committee recommended that
interested workers be asked for their opinion about the desirability of standard antisera for specifying
rickettsial suspensions."

The report on the third session of the committee has been published in World Hlth Org. techn. Rep. Ser. 2.
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infection which show no clinical symptoms whatever and are of especial
epidemiological importance in endemic areas. The same also applies to
complement-fixation tests as an aid to the detection of recent typhus
infection among wild rats and other animals. The OX19 agglutinins, on
the other hand, usually disappear within a few weeks or months after the
attack of typhus, and the test is therefore of the greatest value in epidemio-
logical surveys.

3. In persons who, after inoculation with " epidemic " typhus vaccine,
have an attack of murine typhus, there is re-stimulation of the heterologous
antibody. This renders differential diagnosis by complement-fixation tests
impossible or unreliable.'5' 18

4. Sera of Rocky Mountain spotted fever patients and patients suffering
from rickettsialpox 13 give strongly positive cross-reactions in complement-
fixation tests with the corresponding two rickettsial antigens.14 Sera of
rickettsialpox patients give clear-cut negative reactions to the Proteus OX
strains.

5. Different strains of rickettsiae of scrub-typhus and corresponding
sera of patients infected in different localities do not react in uniform
manner in the complement-fixation test.2 This makes it necessary to employ
in the test a number of antigens prepared from different strains. The
Proteus OXK reaction, on the other hand, is uniformly positive in scrub-
typhus in all localities where the disease has so far been encountered.

Another complication may arise from the fact that there is considerable
antigenic overlapping between the rickettsiae of scrub-typhus and a
rickettsia, unrelated to OXK, that was found to cause an inapparent infec-
tion in Canadian voles (Baker 1).

6. According to Smadel,16 a high proportion of sera from persons
who have been repeatedly immunized with vaccines prepared from embryo-
nated eggs (typhus, yellow fever, influenza, etc.) have antibodies which fix
complement with antigens prepared from normal chick tissue. This consti-
tutes a source of error in complement-fixation tests with rickettsial suspen-
sions and necessitates inclusion of an additional control in the test.

From this brief summary, it is obvious that the tests with rickettsial
antigens and those with Proteus OX antigens have their particular advantages
and disadvantages. It seems essential to combine the use of the two sets
of tests and to assign to each of them the appropriate place according to
their relative usefulness.

Present Routine Laboratory Procedure

During the early years of the second World War, a number of typhus
workers in various countries assumed that the Proteus OX antigens had
outlived their time as reagents for the serological diagnosis of the fevers
of the typhus group. It was predicted that their place would soon be taken
by rickettsial antigens which can be prepared in large quantities according
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to the methods of CoX 7 and Castaneda,8 and purified by Craigie's method
of treatment with ethyl ether (developed as early as 1941 though not pub-
lished until 1945).8

These hopes have not been fulfilled. Purified rickettsial suspensions
are not the simple and cheap reagents they were expected to be, and their
use is still restricted to certain central institutes or specialized laboratories
in a few countries. Even assuming it were feasible to make the reagents
available to routine laboratories, it would still be impracticable to bring
these delicate tests within the competence of all bacteriologists.

For the present, therefore, the average routine laboratory in any part
of the world must continue to rely on the agglutination test with Proteus
OX antigens as the simple test available for routine purposes. If the result
of the test is ambiguous, especially in areas in which two or more types
of typhus occur which cannot be distinguished by the Proteus OX reactions,
further differentiation may be accomplished by submitting the sera to tests
with rickettsial antigens, carried out by a competent specialist in a well-
equipped institute.

From the review of recent work given in the preceding section, the
conclusion would appear to be well esta61ished that rickettsial antigens
are destined to supplement rather than replace the Proteus OX antigens.

It should be pointed out here that it is quite erroneous to designate the
reactions with Proteus OX antigens as " non-specific " for typhus, and
those with rickettsial antigens as " specific ", as most bacteriologists still
do. The heat-stable rickettsial " 0 " antigens, which correspond to the
Proteus OX antigens, are major antigenic components of the rickettsiae.
The rickettsial " 0 " antibody, produced in the course of typhus infection,
is, therefore, from the immunological viewpoint, as " specific " as the
antibody produced in response to the heat-labile antigens of rickettsiae.

The rickettsial " 0" antibodies are demonstrated in the simplest and
most reliable manner by the use of the corresponding OX antigens. If the
Proteus OX strains were still unknown, it would be one of the most urgent
tasks of typhus research to prepare equally reliable and convenient " 0"
reagents derived from rickettsiae. This may perhaps be accomplished in
the future by treating suspensions of rickettsiae with chemicals, in order
to destroy the heat-labile antigen, or by growing rickettsiae under conditions
that would suppress the development of their labile antigen. If such " 0 "

reagents, derived from rickettsiae, were used for the demonstration of the
rickettsial "0 " antibodies present in typhus serum, the question of " non-
specificity ", in the strictly immunological sense, would never arise, in spite
of the fact that these antibodies also react with the Proteus OX antigens.
It is well known, for instance, that the Vi antibody in typhoid serum can be
demonstrated by using, as a reagent, certain strains of Escherichia coil.
Yet no bacteriologist would on this account designate the Vi-antibody
response in a typhoid case as " non-specific ".
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Necessity for Standardization of Serological Tests

Those who have followed the extensive typhus work during recent
years will have noticed a number of demands for standardization of the
serological tests for the fevers of the typhus group.

During the Fourth International Congresses on Tropical Medicine and
Malaria, Washington, 1948, the following resolution was adopted by the
Section on Virus and Rickettsial Diseases:

" The Section on Virus and Rickettsial Diseases is of the opinion that
there is great need for standardization of the materials and methods
employed in the serological tests used in the routine diagnosis of the rickett-
sial diseases. The Section recommends that the World Health Organization
take the appropriate steps to ensure the adoption of an internationally
agreed standardized technique." a

At present, unsatisfactory techniques are used by many workers, and
quite confusing results have been published from various parts of the
world. Undoubtedly it is desirable that this problem be studied by an
international committee of experts with a view to securing uniformity in
the serological tests.

Rickettsial complement-fixation and agglutination tests, as well as the
Weil-Felix test, require standardization. There can be little doubt that the
two groups of tests can be standardized by the adoption of a number of
"international serum standards ". b

Separate " standard sera " are required for use with each of the rickett-
sial suspensions; when suitably prepared, these suspensions serve as
" pure " reagents for the estimation of the antibody to the heat-labile
antigen of the corresponding rickettsia."1

Separate " standard sera " would be employed for the standardization
of OX19, OX2, and OXK agglutination tests.

International Serum Standards for Proteus OX Agglutination Tests

Preserved suspensions of the three serological types of Proteus, known as
OX19, OX2, and OXK, have been widely used in the United Kingdom
and the Dominions since Bridges4 introduced these reagents while working
in India. The suspensions are prepared according to a modification of
Bien's method of treatment with alcohol 3 and have been issued conti-
nuously for general distribution, first by the Standards Laboratory (Medical
Research Council), Oxford, and since 1946 by the Standards Laboratory
for Serological Reagents, Central Public Health Laboratory, Colindale,
London.-' 12

These " standardized " preserved suspensions undoubtedly represent
an important advance on the previously employed fresh suspensions of

a Proc. Fourth int. Congr. trop. Med. Malaria, 1948, 1, 536
b See article by Felix on " Standardization of diagnostic agglutination tests; typhoid and paratyphoid

A and B fevers " in this number of the Bulletin, p. 643. - ED.
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living bacteria (Felix 10), but they are quite insufficient to secure uniformity
in the results of the agglutination tests. The Proteus OX tests, in common
with 0 and H agglutination tests in general, have not yet by any means
been standardized satisfactorily, and " titres " of the same sample of
serum recorded by various workers may differ, and in fact do differ, very
considerably. If this is borne in mind, the reader will be less bewildered
by the confficting views that are presented to him in textbooks or papers
published in different parts of the world.

At present it is not proposed to make any recommendation for the
standardization of details of technique of the routine Proteus OX tests.
All that is needed as a first step is the adoption of international serum
standards for the determination of the three types of Proteus OX agglutinins,
analogous with the existing standards of antitoxins, etc. The " international
standards" would be made available to approved national centres and
would enable them to prepare, for use within their sphere of action,
" standard agglutinating sera ", each serum based on the corresponding
international standard. The sera would be available for general distri-
bution in each country; and, by their inclusion as controls in routine
agglutination tests, it would be possible to determine a " standard titre "
independently of the most disturbing variable factor concerned in the
reaction, namely, the varying sensitivity of the suspension employed.

It is suggested that " standard agglutinating sera" be adopted for
Proteus OX19 agglutination, Proteus OX2 agglutination, and Proteus
OXK agglutination. These three " standard agglutinating sera " could be pre-
pared in horses in very large batches, using as immunizing material the
alkali-stable " 0 " antigens of the corresponding Proteus X strains, which,
according to Bruce White, 17 are common to rickettsiae and the Proteus X
strains. Horses immunized in this way develop OX titres as high as, or
even higher than, those usually met with in recovered typhus patients
(Felix 11), whereas serum from horses immunized with living rickettsiae
is deficient in OX antibodies (Durand & Balozet 9).

SUMMARY
1. The various advantages and disadvantages of the tests with rickettsial antigens

and those with Proteus OX antigens are briefly discussed.
2. Proteus OX antigens cannot be replaced at this stage by rickettsial antigens

and, consequently, the average routine laboratory must continue to rely on the agglutina-
tion test with Proteus OX antigens. It is also shown that it is incorrect to designate the
reactions with Proteus OX antigens as " non-specific " for typhus and those with rickettsial
antigens as " specific ".

3. At present, unsatisfactory techniques are being used by many workers, and
evidence is presented that there is a growing awareness that rickettsial complement-
fixation and agglutination tests, as well as the Weil-Felix test, require standardization.

4. The two groups of tests could be standardized by the adoption of " international
serum standards ". As a first step, it is proposed that international standards should
be adopted for the three types of Proteus OX antigens: Proteus OX19, Proteus OX2, and
Proteus OXK.
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