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PEROHLORIDE OF MEROURY AS A: STERILIZING AGENT 
FOR BAOTERIAL SUSPENSIONS.1 

By LIEUTENANT·COLONEL R. F. BRIDGES, 
Royal Army Medical Corps. 

INTRODUCTORY. 

So far as laboratory workers in India are concerned, the recognition of 
the Newcastle' type of dysentery bacillus by bacteriologists at home 
{Olayton and Warren, 1928, 1929; Downie, Wade and Young, 1933; 
Whitehead, 1934), and its subsequent finding in India has been no 
unmixed blessing. This organism, as is now well known, gives biochemical 
reactions which differ in important respects from those found in the 
Flexner and Boyd (1931, 1932, 1936) groups of bacilli. The Newcastle 
type ferments glucose and dulcite (late), and sometimes II.lso mannite, 
with production of acid and' gas, and yet serologically is found to be 
indistinguishable from the Boyd type 88 (Scott, 1934). 

Until recently, whenever an organisin, isolated from the stools of a 
-dysentery caSe, showed gas formation in any of the sugar media, it could 
.bediscarded at once, without further test, as not belonging to any of the 
known dysentery groups. But in view of the presence in India of the 
Newcastle type, this simple method of differentiation can no longer be 
relied upon. Many organisms, which formerly were discarded on their 
biochemical reactions, must now be tested by serological methods before 
their identity with type 88 or the Newcastle bacillus can be established or 
disproved. 

During the investigation of organisms on the above lines, there have 
.beim found in several. laboratories strains which, while differing in their 
biochemical reactions' from those associated with the Flexner and Boyd 
groups, yet are agglutinated strongly-it may be even to full titre-by the 
serum prepared from one of the type strains other than type 88. In these 
cases there has been a tendency to identify the organism with the type 
strain concerned, in spite of their differing biochemical reactions. Such' 
-conclusions are, of course, unjustified: in every case in which these 
,organisms have been subjected to further investigation by absorption tests, 
their dissimilarity to the type strains has at once become apparent. 

The question as to how far it is permissible to.diagnose organisms on 
the results of simple one-sided agglutination tests, or even on one-sided 
absorption tests, is one which cannot be discussed here. But it may be 
stated, as an absolute rule, that no organism which shows unusual bio
,chemical reactions should be regarded as identical with one of the Flexner 

1 A paper circulated to the military laboratories of India. 
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or Boyd types until it has been completely investigated by mirror 
absorption tests. 

These matters have been referred to in order to show that the work 
now involved in the examination arid typing of dysentery bacilli has 
enormously increased :during recent months; and, further, to point the 
moral, that any method which can in any degree lighten this labour is 
worthy of sympathetic trial. The method to be described has been in use 
in the Enteric Laboratory,~ Kasauli, for some time past, and has given 
consistently good results. It is recommended with confidence to other 
laboratories. 

NATURE OF THE METHOD. 

A concentrated suspension of the organism under test is prepared in 
a 1 : 1,000 solution of perchloride of mercury in physiological saline solution, 
and this suspension is used for all tests: for rough agglutination on a 
slide, for simple agglutination tests, and for absorption tests. 

Perchloride of mercury has the advantage that the organisms are killed 
outright by contact with the drug, and the suspension may be handled with 
safety. The extremely poisonous nature of the solution itself must not, 
of course, be overlooked. 

PREPARATION OF THE ,sUSPENSION. 

The perchloride of mercury is m~de up as a 1 : 100 solution in distilled 
water, and the 1: 1,000 solution is prepared from this by. diluting one 
volume with nine volumes of physiological saline solution. Both solutions 
keep indefinitely. 

To a well grown twenty-hour-agar slope add a . small quantity of tbe 
1 : 1,000 perchloride solution, and wash off the growth into the fluid. The 
amount of solution used must be such that the resulting suspension is 
denser than the standard. About one cubic centimetre is suitable for an 
agar slope of normal size. 

Pipette off the suspension into a clean test tube. The organisms are 
dead. 

If rough and simple agglutination tests only are to be carried .out, 
two agar slopes are sufficient. If an absorption test is required in addition, 
five agar slopes should be inoc~iated. 

STANDARDIZATION OF THE SUSPENSION. 

'!'he standard density to be adopted is that of the Proteus suspensions 
supplied for ,W eil-Felix test. For rough agglutination and, for simple 
agglutination standardization need not be. more than approximate. 
Those who have worked with the Proteus suspensions shorildhave no 
difficulty in recognizi~g the appearance and density of a drop as it falls 
from a pipette. The concentrated suspension should be diluted with 
1 : l;OOOperchloride solution until a drop acquires this appearance. It 
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152 Perchloride of Mercury as a Sterilizing Agent 

may be described as that point where the drop has lost its distinctly white 
colour and has acquired a greyish, translucent, opalescent appearance. 

For .absorption tests standardization must be more exact, since 
the absorbing dose is accurately proportioned to the strength of the serum 
and there is little to spare. On no account should the concentrated sus
pension be of less density than the Proteus suspensions, .though it may be 
of slightly greater density with advantage. Standardization may be carried· 
out by simple matching method, as follows :-

Take a Dreyer's rack and place one agglutination tube in the back row~ 
Fill this tube to half an inch from the brim (the mark) with saline, and add 
one drop of Proteus suspension. This tube acts as standard. 

Place five tubes in the second row and fill to the mark with saline. 
Place five tubes in the front row and to each add three drops of the concen
trated suspension to be standardized. . To the first tube in the front row 
add one drop of saline, to the second tube two drops, and so on to five 
drops in the fifth tube. Mix the contents of these tubes and add one drop 
from each to the corresponding tube in the second row. Match these tubes 
against the standard. Supposing that a match is obtained in the fourth 
tube, then three volumes of concentrated suspension must be diluted with 
four volumes of perchloride solution to bring to standard density. 

Romm AGGLUTJNA'l'ION TEST. 

The test should be carried out on slides with a hollow depression rather 
than on plain slides. But since it will generally be necessary to carry out 
tests with a number of serums, the most convenient form of apparatus is 
one of the large glass plates, obtainable from Messrs. Baird and Tatlock, 
containing six or twelve depressions. 

Place a drop of each of the serums to be tested in one of the depressions, 
and add to each one drop of concentrated suspension. Agitate the plate 
with a circular motion and examine the drops with a hand lens. In a 
positive test agglutination should be visible in two or three minutes. 

SIMPLE AGGLUTINATION TEST. 

This is set up in the same manner as when using concentrated suspen
sions of Proteus organisms. The serum, .diluted 1: 10, is added to the 
tubes (10, 5, 2, 1, etc., drops) in the ordinary way. All tubes are filled up 
to the mark with saline and one drop of concentrated suspension is added 
to each tube. 

Incubation should be carried out for four hours in the water bath at 
50° to 55° C., followed by all night in the 37° C. incubator. On the follow
ing morning return .all racks to the water bath for a few minutes before 
reading the test. 

ABSORPTION TEST. 

The standard strength of serum to be employed is such that it wiIl 
show agglutination against its homologous freshly-prepared concentrated 
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suspensioIi "to a titre of" total'~ in 250, equivalent to It standard "in 350. 
Since the majority of serums supplied by the Enteric Laboratory are much 
above this strength. an essential preliminary is to test the serum against its 
homologous concentrated suspension and reduce to the above strength. 
This may be accomplished as follows:-

If the serum agglutinates its homologous concentrated suspension to 
" standard" in 500, dilute 2 drops of serum with 1 drop of saline. If the titre 
is " total" in 500, dilute 1 drop of seriuIi with 1 drop of saline. If the titre 
is " standard "or" total" in 1,000, dilute 1 drop of serum with 2 or 3 drops 
of saline respectively. 

It may sometimes be found that the type serum agglutinates the 
organism under test to a higher titre than the homologous suspension. In 
this case, since it is inadvisable to reduce the homologous titre below 350, 
a stronger concentrated suspension, must be used for absorption. Its 
strength should be increased in proportion to the titre. Thus, if the serum 
agglutinates the unknown organism to " total ,. in 500, a double strength 
concentrated suspension should be used; if to " total" in 1,000, its strength 
should be quadrupled. 

To carry out the absorption, place 4 drops of serum of standard strength 
in a Dreyer's dilution tube, and add 76 'drops of concentrated suspension 
of the organism under test. Mix well with a pipette, cap the tube with 
plasticine to prevent evaporation, and place in the incubator overnight. 

On the following morning spin the tube in the centrifuge until the 
supernatant fluid is comparatively clear. This will generally take only a 
few minutes. Pipette off the supernatant fluid into another tube. If no 
centrifuge is available, allow the tube to stand on the bench for two 
or three days, when the organisms will have become deposited and the 
supernatant fluid can be pipetted off. 

Set up the test as follows: Place five tubes in each of two rows in a 
Dreyer's rack. To the first tubes in each row add 20 drops of absorbed 
serum; to the second tubes, 10 drops; to the third and fourth tubes, 4 and 
2 drops; and to the fifth (control) tubes, no drops. Fill up all tubes to the 
mark with saline. 

To all tubes in' the first (test) row add one drop of concentrated sus
pension homologous to the serum. To all tubes in' the second (control) 
row add 1 drop' of concentrated suspension of the organism under test. 
The dilutions are equivalent to 1 : 25, 50. 125 and 250. 

Incubate as for a simple agglutination test and watch for agglutination. 
The results are read as follows :-

(1) If no agglutination occurs in the control row, the test is satisfactory. 
(2) If agglutination occurs in the control row, the absorbing dose has 

been insufficient. The test must be repeated, using a stronger concentrated 
suspension for absorption. 

(3) If nocagglutination occurs in the test row, the organism under test 
has removed the whole of the homologous agglutinin from the type serum 
and hence is probably identical with the type organism. 
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154 Perchloride of Mercury, asa Sterilizing Agent 

(4) If agglutination occurs in ,the test row, the organism has failed to 
remove the homologous agglutinin and hence ,is not identical with the type 
organism. . 

N.B:-No two organisms can properly be regarded as serologically 
identical until it is proved that each :can absorb ~he homologous agglutinin 
from the serum of the ,other. 

RECORDING RESULTS. 

It is perhaps not out of place to suggest methods which may be agreed 
upon for recording results. 

In the case of a rO,ugh agglutination, results are commonly shown as 
+ + +, + +, + or-, according to the strength or otherwise of the 
reaction. 

In the case of simple agglutination test, results are conveniently written 
as equations. The serum is always placed first. This is followed by the 
suspensions against which the serum is tested and then by the titre. 'rhus, 
if a serum prepared from an organisniA is tested .. against its homologous 
suspension and also against that of another organism B, the results wollld 
be written:-

A v.' A = 350 
A v. B = 250 

Or the homologous titre may be placed in brackets after the serum, and 
,the above tests would then be written:-

A (350) v. B = 250 

For recording the results of absorption tests, the absorbing organism 
is placed directly after the serum and preceded by the minus sign. This is 
followed by the suspension against which the serum is tested after 
absorption and the titre obtained, thus :-

A-B v. A = 125 
A-B v. B = Nil 

. NOTES ON SOME MATTERS OF IMPORTANCE. 

Standardiza,tion of the Suspension., 
The Proteus suspensions, against which. the concentrated suspension 

is matched, are standardized to a density equivalent to 6,700 million Bact. 
coli per cubic centimetre. The method of carrying out this standardization 
was described in a previous paper'(Bridg'es, 1935). 

The Agglutination Test, 
In the paper referred to above the view was put forward that the result 

of an agglutination test depended on the quantity of serum and the number 
of organisms present in any partiCUlar tube of a test, rather than on the 
dilution in which the serum was working. "Dilutions" were thought to 
be of a clinical rather than of real significance; and hence exact measure
ment of the saline added to each tube was unnecessary. It has been 
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represented that this unmeasured saline inethod of setting up a test is such 
a break with tradition that some further explanation is desirable. 

-Careful tests have been made to decide what error might be expected 
,insetting up a test by this method. At the time these tests were carried 
out, the laboratory possessed a very heterogeneous collection of agglutina
tion tubes, which were well suited to the purpose. A number of these 
tubes were m~rked at a point half-an-inch from the brim and, using 
throughout 3, single pipette, the number of drops they contained to this 
mark was counted. It was found that the tubes varied in capacity from' 
20 drops in'those of the smallest internal diameter, to 28 drops in those of 
the largest bore; Two sets of tubes were then collected of these extreme 
capacities-the one set containing 20 drops, the other set 28 drops, when 
-filled to the mark. 

It is clear that the error in dilution as between the two sets of tubes 
was as 5 is to 7, and if the error in reading followed the error in dilution, 
it should observe the same proportion. In the course of a number of tests 
the actual error was found to be as 5 is to 5'7,1 considerably less than the 
error in dilution.- This would mean, in the case of a patient whose serum 
was being tested against a standard suspension, that the titre might reach 
500 in the one set of tubes as against a reading of 570 in the other set. 
It can hardly be contended that this difference would lead to a wrong 
diagnosis. Moreover, the tests were conducted in tubes of extreme dis- -
,proportion. In an ordinary set of bad tubes the error would be decidedly 
less. -

Nevertheless, it is true that error should be eliminated if possible, 
wherever found and however small, and, this can be done by providing 
oneself with a set of pipettes and tubes of standard dimensions. In the 
past-in India at any rate-there has been considerable difficulty in 
-obtaining satisfactory pipettes and -tubes for agglutination work. The 
various makers or purveyors of these materials seem quite unable to 
:standardize them, either among one another or even in relation to the 
.products of a single firm.. Pipettes deliver too large or too small a drop 
and tubes are of uneven capacity. Under these circumstances it has been 
found necessary, in self defence, to adopt a standard of one's own. This 
standard is based on a Dreyer's pipette of Balrd and Tatlock's manufacture, 
which has been in one's possession for a number of years. On measuring 
the external diameter of the outlet of this pipette, it is found to lie between 

,12 and 13 " standard wire gauge" measurement, being nearer the latter 
than the former. It passes easily. with something to spare, through 12 
standard wire guage, but it fails to pass through 19, 

This pipette having been adopted as standard, the tubes must conform, 
i,e., they must hold twenty-four drops delivered by the standard pipette 
to a point half an inch from the. brim. It is Jound that a tube of 2-1 in. 

1 Strictly; of course, the· error between the two -sets of tubes' should read "- as5 . 7 is 
to 5." 
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length and having an internal diameter of 5 standard wire guage exactly 
meets this condition. 

For some time past any pipettes or tubes which depart appreciably from 
the above standards have been returned to the makers with a note as to 
the reason. As a result of this policy the laboratory is now provided with 
a set of pipettes and tubes, in the use of which the error is believed to be 
so small as to be negligible. 

It is, of course, open to anyone who still hesitates to u/se this method, 
'through inability to obtain standardized glass ware, to overcome the error 
by other means. ' He should use only one pipette for all his test's,be careful 
not to break it, and markall his tubes at the point where they'hold twenty~ 
four drops. 

The A bsorption Test. 
If it be conceded that the essential factors in an agglutination test are 

the actual quantity of serum and the number of organisms present in the 
tubes, then it is only one step further to regard an agglutination test 'as a 
form of absorption test, in which diminishing quantities of serum are 
absorbed by a constant number of organisms. Whim' the quantity of 
serum has been reduced to such an extent that its agglu·tinin is exactly 
neutralized by the organisms present, the end-point or titre of the serum 
has been reached. 

:< In the test as ordinarily set up there are placed in the first tube ten 
drops of serum diluted 1 : 10. Hence the actual quantity of serum present 
in this tube is one drop. In the second tube there are placed five drops of 
diluted serum, and the actual quantity of serum is therefore 0'5 drop. In 
the third and fourth tubes there are 0·2 and 0'1 drop of serum respectively. 
To all tubes is added Olle drop of concentrated suspension. 

If, now, we consider a serum which has its end-point in the fourth tube, 
or, as we say, has a titre of 250, it may be supposed that 0·1 drop of this 
serum will be exactly absorbed by one drop of suspension. From this we 
may assume that one drop of this serum would require for its absorption 
ten drops of suspension-and in fact this is found to be the case. Similarly, 
a serum having a titre of 500 will be absorbed by twenty drops of suspension 
for each drop of serum. Intermediate between these two, a serum of titre 
350 will 'requireah absorbing dose of fourteen drops for each drop of serum. 
Intermediate between these two, a serum of titre 350 will require an 
absorbing dose of fourteen drops for each drop of serum. In the absorption 
test recommended in this paper a dose of nineteen drops is given for a 
serum of this strength. There is thus a surplus of five drops above the 
requisite number, a sufficient but not excessive margin. To increase this 
margin would merely result in prolongation of the time required for 
centrifugalization after absorption. 

Keeping Properties of Concentrated Suspension. 
No long term investigation has been carried out on this matter.. It is 

known that concentrated mercurialized suspensions, prepared in accordance 
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with the; directions given, retain their agglutinating properties well for two 
or three months, and during'this period loseno'more in sensitiveness than 
other forms of preserved material. But they tend to lose density, and also 
in some cases to form a black deposit 'at t1!e bottom of the bottle. It is 
doubtful if they would be suitable for any long course of investigation in 
which a standard agglutinable material might be required. 

Applicability of the Method . 
. This paper is particularly concerned with the differentiation and typing 

of organisms isolated from cases of acute bacillary dysentery; but the 
method is equally suitable for the investigation of other non-motile bacilli. 
It may also be applied in connection with the " H" antigen of motile 
organisms. In this case, however, agglutination and absorption are 
dependent on the presence of flagella, a component of the bacillus which 
is represented in very varying quantity in different races of the same 
organism. Moreover;' fia'gella cannot readily be counted or standardized, 
as is easily possible in the case of the bacterial bodies themselves. These 
facts render necessary some modifications of technique, which must be 
dealt with in a later communication. 

SUMMARY. 

(1) A method is described for the rapid identification of dysentery 
bacilli. 

(2) The possible error in setting up an agglutination test by the 
ullmeasured saline method is discussed. 

(3) . The theoretical basis of the absorption test carried out with 
concentrated suspensions is explained. 
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