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AN IMPROVED WASSERMANN TECHNIQUE 
The'Va]ue of a Dilute Antigen Suspension Assessed in a Series 

of 14,952' Tests 
BY 

H. M. RICE, M.D.Lond. 

Director) Department of Pathology, Nottingham General Hospital 
Late Major R.A.M.C., Army Serologist 

THE detection and interpretation of the "Doubtful" Wassermann reaction 
remains a major problem to all serologists performing the test. Efforts are 
continually being made to increase the sensitivity while retaining the specificity 
of serological tests, and many serologists employ modifications of their own in 
performing the W.R., although practically all methods used in this country 
are based on Wyler's (1929) modification of the Medical Research Council 
Method Number l. 

In that method a constant and relatively large quantity of antigen is 
employed, regardless of the varying amounts of antibody in individual sera. 
Although the Wassermann antigen is not a true antigen in the immunological' 
sense of the word its reaction with syphilitic antibody obeys the general laws 
of antigen-antibody reactions, including that of optimal proportions. When, 
therefore, the amount of antibody in a given serum is very small the reaction 
with the relatively large quantity of antigen may be in the zone of gross 
antigen excess, when no detectable result w"ill be' seen. Further, it is known 
that complement fixation occurs maximally in the zone of moderate antibody 
excess. Therefore, if gross antigen excess is present, not only will the antigen
antibody reaction be minimal, but complement fixation will also be greatly 
diminished. 

Many serologists have, in the past, proposed technical modifications to 
embody consideration of these facts. Reference to various workers and their 
methods was made by Richardson (1940) in introducing his own technique. 
His paper contained full consideration of the theoretical issues involved, which. 
are therefore omitted from this communication. 

Richardson pointed out that it was Sordelli, in 1931, who first introduced 
the method of using diluted antigen suspensions to increase the sensitivity of 
the Wassermann reaction. His own method was claimed to combine the 
advantages of th@ Wyler and Sordelli techniques, but was too laborious for 
routine diagnostic use, and so has not been generally adopted in spite of its 
advantages of increased sensitivity without diminished specificity. 

After reading Richardson's paper, J. W. Lacey, in 1945, introduced a 
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technical modification of M.R.C. No. 1 method at the District Laboratory, 
Woolwich, then the main serological laboratory of the Army. He added a 
fourth row to the test, employing a unit volume of dilute antigen with 3 M.H.n 
complement. Thus small amounts of antibody can react with a small amount 
of antigen, and the reactipn is much more likely to be in or near the equivalence 
zone than when only the standard amount 6£ antigen is used. When a large 
amount of antibody is present, in a strongly positive serum, the reaction with 
the dilute antigen willbe in the zone of moderate antibody excess, when comple-
ment fixation is optimal. ., 

In practice Lacey's method has proved of great value, and agrees completely 
with the theoretical considerations outlined. The question of non-specific 
reactions is referred to later. 

In 1946 the writer took over the laboratory from Lacey, and adopted his 
technique. The results, in a laboratory averaging 2,000 tests a month, have 
been so consistently good that the method has·, been adopted as the standard 
Army technique. So many visitors have enquired into the use and value of 
the, fourth tube that this 'article has been written in order to publicize a 
valuable technical modification. ' 

TECHNICAL METHOD 
Four-row copper racks are used, and M.R.C. No. 1 method (Wyler) is 

followed for'the front three rows of each test. The fourth (back) row repeats 
the 3 M.H.D. row exactly, with the exception of the antigen, which in' this 
case is one volume (0'11 c.c.) of a 1/100 as against 1/15 suspension. ., 

Donald's droppers are used throughout the test. When dropping the I! 100 
antigen Richardson used the. 0'76 cm. dropper. In Lacey's technique theO'9 cm. 
dropper is used, and the antigen strength is in fact, 1/90, being a sixfold 
dilution of the 1/15 suspension remaining whe,n that preparation has been 
dropped. 1'5 c.c. are allowed for each row of tubes, our test-numbers always 
being sufficient to provide the necessary few c.c. excess for completely filling 
the dropper. 

Our only: other technical variation is the employment of a thirty minute 
incubation period (with a further shaking after ten minutes) after the sensitized 
,cell suspension has been added. This is in' accordance with modern custom: 
and, with large numbers, a period as short as three to five minutes (Richardson 
and Wyler) is quite impracticable. The longer incubation period diminishes 
the number of non-specific doubtful readings encountered by workers using a 
short period of incubation: and their claims for sensitivity are more than 
balanced by the fourth row. Wyler (1932) attributed his decrease in non
specific doubtful reactions mainly to' the increased time (thirty minutes) 
allowed for hremolysis, 

ANALYSIS OF THE RESULTS OF 14,952 TESTS 
During the years 1947 and 1948 a total of nearly 50,000 Wassermanns was 

performed. From this number 14,952 tests have been singled out for analysis, 
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148 An Improved Wassermann Technique 

as all these specimens were received from hospitals in or near London, and 
show, in consequence, a very low contamination rate and a large number of 
serial examinations on individual cases. 

All types of disease are included: early, fully developed and late primary 
syphilis, both treated and untreated: secondary, tertiary, congenital, latent and 
relapsing syphilis: and many cases for investigation, on which a diagnosis of 
syphilis was never made. Complete series of serological results, first negative, 
then doubtful, positive, doubtful and finally negative, are shown in 18 cases of 
tr(!ated syphilis. The "run-down" of the Army, with many patients disappear
ing on demobilization, prevented a larger number of complete serial results. 

The value of the four-tube technique lies in its demonstration and clarifica
tion of doubtful results. Further analysis is therefore limited to their considera
tion. 

METHOD OF READING 

The writer was brought up to and has retained the method of reading which 
expresses the h<:emolysis occurring in individual tubes by figures from 0 to 8, the 
former representing no h;emolysis and the later complete lysis of the indicat,OL 
Estimations are made in quarter parts, so that the only readings employed are 
0; 2, 4, 6, 8. (Occasionally a reading of 7 in the 3 M.H.D. row is recorded, if 
the fourth row shows a greater hold-up.) 

The criterion for a positive result is the complete inhibition of h;emolysis 
in the 3 M.H.D. row with the full dose of antigen (second row). The back row 
reading shows a hold-up equal to or greater than that seen in the second row. 
Exceptions are very rare, and are considered later. 

No positive serum has been encountered which showed hremolysis in the 
back row with inhibition in the second and third row. This accords with 
Harrison's (1918) criteria for a good antigen extract which should show com-
plete fixation of 3.M.H.D. in dilutions up to 1/200. . 

Reading the back row first, then the second row and then the third 
(5 M.H.D.) row the usual values seen in the test are: 

Positive readings: 000, 002, 004, 006, 008. 
Doubtful readings: (a) 026, 028, 048, 068. 

(b) 078, 088, 288, 488, 688. 

Doubtful readings are divided into groups (a) and (b) because' the former 
would be interpreted as doubtful in the ordinary M.R.C. No. I test, while the 
(b) group would be interpreted as negative in the 3-tube test, and are only shown 
to be doubtful by the reaction in the fourth tube. 

The distribution in J 4,952 tests, has been: 

Negative 
Positive 
Doubtful (a) 

" . (b) 
Septic or anticomplementary sera 
Atypical results 

13,263 
1,211 

207 
117 
23 

131 
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All Wassermanns have been performed in parallel with the standard Kahn 
test and the correlation of the doubtful groups with the Kahn test has been: 

Doubtful (a) 
Doubtful (b) 

Positive 
77 
49 

KAHN 
Doubtful 

87 
61 

Negative 
43 
7 

In those few untreated cases which showed disagreement between the Kahn 
and Wassermann results (i.e. W.R. + Kahn ""7" or vice versa), no report was made 
until the tests had been repeated on a fresh sample of serum. 

ATYPICAL POSITIVE AND DOUBTFUL READINGS 

During the two-year. period 131 reactions occurred in which the fourth tube 
showed hremolysis when the second (3 M.H.D.) row tube showed less or no 
hremolysis. It is probable that at any rate some of these atypical reactions were 
due to the presence, in the antigen, of non-specific haptens. In full-strength 
(1 in 15) antigen, these may be sufficient to fix 3 M.H.D. of complement: but 
in the sixfold antigen dilution they are insufficient to cause· complete fixation, 
so that partial or complete ha:molysis occurs. Twelve such reactions occurred 
with one batch of antigen which was immediately discarded: and the repeat 
tests were negative. . 

Another factor must be considered. In military laboratories personnel are 
subject to sudden postings, so that it is always necessary to have at least two 
persons capable of performing the test. These are generally the officer-in-charge 
and the Senior N.C.O. It was noticeable that atypical results were more liable 
to occur shortly after a Senior N.C.O. had been posted away and while his 
successor was gammg experience. This was inevitable, and called for the 
repetition of a number of tests. It is most unlikely -that civil laboratories, 
where technicians are on a permanent basis, will ever suffer in the same way 
as the Army laboratories during the period of the run-down after the war. 

SEPTIC SERA 

Apart from the causes considered, infected sera often· give atypical positive 
or doubtful reactions. Such sera are reported as "Septic;" and experience shows 
that dose inspection (performed as a routine on all sera examined) of sera giving 
atypical results often justifies their rejection on grounds of infection. Many 
such septic sera were seen in the 35,000 tests performed during 1947 and 1948 
and not considered in this paper. These sera, coming by post from outstations 
and from overseas, contained a far higher proportion of positives, as many had 
first passed through a local Kahn screen. In the 14,952 tests now considered 
only 16 sera were labelled "Septic" and a further 7 "Anticomplementary." 

DISCUSSION 

The value of the fourth tube is shown in that grouD of results labelled 
douhtful (b\. Tn these 117 results the Wassermann reaction as performed hy 
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ISO An Improved Was~ermann Technique 

the M.R.C. No. 1 method would have been reported as negative. By employing 
Lacey's technique a report of "doubtful" can be given, which is especially 
valuable in cases for investigation, when a negative result would probably mean 
a delay of a month before a repeat examination would be made. A "doubtful" 
report on such a case is an indication to the clinician to repeat the test, when 
any increase in the strength of the reaction will be demonstrated. In 7 of our 
cases the doubtful Wassermann (fourth tube only) showed in the presence of a 
negative Kahn reaction, thus being the sole factor leading to earlier diagnosis 
and treatment of the cases concerned. 

Although the results of only 14,592 tests have been considered in this paper, 
all tests in our laboratory have borne eut the value of the fourth tube. The 
extra work involved is negligible, chiefly amounting to extra labour in washing 
tubes. 

SUMMARY AND CONCLUSION 

The use of a fourth row in the Wassermann test, employing 3 M.H.D. 
complement and 1/100 antigen, is a simple and reliable method of increasing 
the sensitivity while retaining the specificity of the reaction. 

A series of 14,952 tests is analysed. In 117 tests the fourth tube enabled a 
report of doubtful to be. given on a test which would otherwise have been 
reported as negative. In 7 cases this doubtful reaction was associated with :a 
negative Kahn result. 

The extra time and trouble-involved are minimal, and the method has been 
adopted as the standard technique for Army laboratories. 

The writer wishes to express his gratitude to Dr. J. W. Lacey, for permission 
to publish this account of his technique: _ to the various technicians who have 
assisted in the performance of the tests: and to the DirectorcGeneral of the 
Army Medical Services for permission to publish this paper. 
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