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THE ELIMINATION OF CLOUDY REACTIONS BY
THE USE OF FORMALIN AS A PRESERVATIVE
FOR BACTERIUM PULLORUM ANTIGEN

J. R. BEACH! axp S. TER-MICHAELIAN?

INTRODUCTION

All who have used the agglutination test for the detection of fowls
that harbor Bacterium pullorum have observed the occurrence of
excessive turbidity in many tubes which seriously interfered with
accurate reading of the reactions. Hitchner,® in 1923, reported that
the turbidity resulted from the precipitation of fat that is present in
the blood serum of some fowls and that it could be avoided by
starving fowls for thirty-six hours before blood samples were drawn.
Matthews,* in 1926, reported studies which he believed demonstrated
that such turbidity was due to the presence of a protein rather than a
fatty substance in blood serum of fowls. He stated that this protein
substance was soluble in weak alkali solution and that clouding of
agglutination tests could be avoided by adding a small amount of
sodium hydroxide solution to antigen.

Bushnell, Hinshaw and Payne,’ in 1926, published a very complete
discussion of bacillary white diarrhea in fowls which included a
résumé of the methods used by various agricultural experiment station
laboratories in making agglutination tests. This résumé shows that
in twenty-four of twenty-eight laboratories, phenol is used for pre-
servation of the antigen. The amount of phenol used is 0.5 per cent
in nineteen laboratories and 0.4, 0.3, 0.25 and 0.2 per cent phenol in
one each of four other laboratories. One laboratory was reported as

1 Assistant Professor of Veterinary Science and Associate Veterinarian in
the Experiment Station.

2 Research Assistant in Veterinary Science.

3 Hitchner, E. R. The macroscopic agglutination test as influenced by the
fatty content of the blood serum of fowls. Jour. Amer. Vet. Med. Assn. 63:
759-763. 1923.

4+ Matthews, F. P. Obscured reactions in the agglutination test for bacillary
white diarrhea. Jour. Immunology 11:499-504. 1926.

5 Bushnell, L. D., W. R. Hinshaw, and L. F. Payne. Bacillary white diarrhea
in fowl. Kansas Agr. Exp. Sta. Tech. Bul. 21:1-858, figs. 1-4. 1926.
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using either 0.5 per cent phenol or 0.5 per cent formalin ; one as using
a coal tar disinfectant (no percentage given); and two as using no
preservative in the antigen. It is seen from the above that preserva-
tion of antigen by the addition of 0.5 per cent phenol is the prevailing
practice. In a further discussion of their own technique and that of
other laboratories, these writers disclose that the reason for using 0.3
per cent or a lesser amount of phenol in antigen is to avoid confusing
turbidity. The writers also state that ‘‘Formolized antigens do not
cause a precipitation of the fat-like substance but antigens so prepared
are not as reliable as when preserved with phenol.”” Tittsler, in
Pennsylvania, however, is reported by them as using 0.5 per cent
formalin for preserving antigen.

The laboratory of the Division of Veterinary Science, California
Agricultural Experiment Station, was one of those using antigen con-
taining 0.5 per cent phenol in routine testing of breeding flocks.
Difficulty in interpreting the results of the tests on account of tur-
bidity produced by certain sera was frequently encountered. An
investigation of means of avoiding turbid or cloudy reactions was,
therefore, undertaken. This investigation consisted of a comparison
of the results of agglutination tests of the same sera with antigens
containing varying amounts of phenol or formalin.

TesTs witTlH ANTIGENS CoNTAINING 0.1, 0.25, or 0.5 PER CENT PHENOL

The antigens were prepared by washing off the growth from
48-hour agar cultures of Bact. pullorwm with a small amount of
physiological salt solution containing 0.5 per cent phenol. For the
tests, this was diluted with sufficient physiological saline with or with-
out the addition of phenol to give a reading of 3.5 em. with a Gates®
nephelometer and to make the final product contain the desired
amount of phenol.

Forty-eight sera were tested with three antigens containing 0.1,
0.25 and 0.5 per cent of phenol respectively. Serum-antigen dilutions
of 1-25 and 1-50 were used. Readings were made after 24 hours at
37.5° C and 24 hours at room temperature. The results are as follows:

No positive reactions to the test occurred.

In seventeen of the tests with 0.5 per cent phenolized antigen, there
was either increased cloudiness of the fluid or sediment at the bottom
of the tubes from the precipitation of a substance from the sera.

6 Gates, F. L. A method of standardizing bacterial suspensions. Jour.
Exp. Med. 31:105-114. 1920.
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In ten of the tests with the 0.25 per cent phenolized antigen, there
was some increase in cloudiness of the fluid due to a substance in the
sera. The cloudiness in these cases was not nearly as marked as that
which occurred in the tests of the same sera with 0.5 per cent
phenolized antigen.

In none of the tests with the 0.1 per cent phenolized antigen was
there any cloudiness or sediment due to precipitation of a substance in
the serum. In all 48 tests with this antigen, however, there was either
an increase in cloudiness or there was sediment at the bottom of the
tubes resulting from the multiplication of contaminating organisms
that were present in the sera.

The results of these preliminary agglutination tests of fowl serum
with phenolized antigens indicated that cloudiness due to the pre-
cipitation of a substance in the serum could be lessened in intensity
or entirely avoided by using less than 0.5 per cent phenol in the
antigen. When 0.25 per cent phenol was used, the degree of cloudi-
ness from this cause was greatly reduced but not entirely eliminated.
When 0.1 per cent phenol was used, no cloudiness from the precipita-
tion of substances in the serum occurred. This latter amount of
phenol, however, was insufficient to prevent the multiplication of the
contaminating organisms in the serum and, therefore, would be
unsatisfactory for use unless the blood was drawn and the test carried
out under aseptic conditions.

TesTs WiTH ANTIGENS CoNTAINING 0.5 PER CENT PHENOL, 0.5 PHENOL,
0.5 PEr CENT ForMALIN OR 0.1 PER CENT FORMALIN

The 0.5 per cent phenolized antigen and 0.5 per cent formolized
antigen were prepared by washing 48-hour agar cultures with a small
amount of 0.5 per cent phenolized or formolized physiological salt
solution and diluting this concentrated suspension sufficiently with
0.5 per cent phenolized or formolized saline solution at the time of
use. The 0.1 per cent formolized antigen was prepared by diluting
the concentrated 0.5 per cent formolized antigen with physiological
salt solution and 0.1 per cent formolized physiological salt solution at
the time of use. The turbidity standard of all antigens was a 3.5 em.
reading with a Gates’ nephelometer.

Agglutination tests of 970 sera were made with each of the three
antigens. The dilutions of serum and antigen used were 1-25 and
1-50. The results are as follows:
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In no case was there any cloudiness or sediment resulting from
bacterial multiplication.

Cloudiness occurred in 340, or 35.0 per cent of the tests with
phenolized antigen. No cloudiness occurred in the tests with for-
molized antigens.

A positive reaction in the 0.1 per cent formolized antigen was
obtained with 168, or 17.3 per cent of the sera. Of these 168 sera
that gave a positive reaction with the 0.1 per cent formolized antigen,
127 sera (or 13.0 per cent of the total sera) also reacted positively
with the other two antigens; 13 sera (1.3 per cent of the total sera)
also reacted positively with the 0.5 per cent phenolized antigen but
not with the 0.5 per cent formolized antigen; 19 sera (1.9 per cent of
the total sera) also gave a positive reaction with the 0.5 per cent
formolized antigen but not with the phenolized antigen; and 9 sera
(0.9 per cent of the total sera) did not react with either of the other
two antigens.

All sera that reacted with either the phenolized or 0.5 per cent
formolized antigen also reacted with the 0.1 per cent formolized
antigen.

Twenty-two of the twenty-eight sera that gave a positive agglutina-
tion with the 0.1 per cent formolized antigen and no recognizable
agglutination with the phenolized antigen caused clouding of the
phenolized antigen. It is possible, therefore, that these twenty-two
sera did cause an agglutination of the phenolized antigen which was
obscured by the cloudiness. This may account for much of the dis-
crepancy in the results obtained in these tests with the phenolized and
0.1 per cent formolized antigens.

The explanation of the failure of twenty-two of the sera that
reacted with the 0.1 per cent formolized antigen to react with the 0.5
per cent formolized antigen, however, is not so apparent. Since the
only variable factor was the amount of formalin in the antigens, it
seems possible that, in these instances, the 0.5 per cent formalin may
have exerted an unfavorable influence on the agglutination of the
organisms in the antigen.

The results of these comparative agglutination tests suggested that
formalized antigens are more suitable for tests of fowl serum than
phenolized antigens. Of the two amounts of formalin used in antigen,
ie, 0.1 per cent and 0.5 per cent, the former seemed more satis-
factory. Therefore, additional comparative tests of fowl sera with
0.5 per cent phenolized antigen and 0.1 per cent formolized antigen
were carried out.
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Tests wiTH ANTIGENS ConNTAINING 0.5 PErR CENT PHENOL OR 0.1
PeEr CENT FORMALIN

These tests were carried out as opportunity was afforded between
February 23 and December 30, 1926, with blood samples from thirty-
four flocks.

The methods of preparation and standardization of the antigens
were the same as in the preceding tests. Four serum-antigen dilu-
tions, 1-25, 1-50, 1-100, and 1-200, were used in approximately one-
third of the tests and two dilutions, 1-25 and 1-50, in the remainder.

Duplicate tests of 4322 sera with two antigens containing 0.5
per cent phenol and 0.1 per cent formalin, respectively, were made.
The results are given in table 1.

As shown in table 1, the number of the 4322 sera that reacted with
either one or both of the 0.5 per cent phenolized antigen and the 0.1
per cent formolized antigen was 1009 or 23.3 per cent. Of "this num-
ber, 83 did not react with the phenolized antigen and 41 did not react
with the formolized antigen, leaving 885 (20.4 per cent of all tests or
87.7 per cent of all positive tests) that reacted with both antigens.

Cloudiness of the phenolized antigen was caused by 1700 or 39.3
per cent of the sera. The formolized antigen was not affected. The
agglutination reaction of 298 of these sera was recorded as positive
with both antigens, of 34 as positive with phenolized antigen only,
and of 64 as positive with formolized antigen only. By comparing
these numbers with the total number of sera that caused agglutination
reaction with only one antigen, it is seen that 34 of 41 sera that gave
a reaction recorded as positive with phenolized antigen only, and 64
of 83 sera that gave a reaction recorded as positive with formolized
antigen only also caused cloudiness of the phenolized antigen.

Since cloudiness of serum-antigen mixtures makes interpretation
of agglutination reactions uncertain, it is possible that incorrect read-
ings were made of many or all of the reactions with the phenolized
antigen of those sera that caused cloudiness of the phenolized antigen
and an agglutination reaction recorded as positive with one antigen
only. In such a case, an incorrect interpretation of the agglutination-
test reactions with phenolized antigen may have been made of 34 of
the 41 sera that were recorded as reacting with phenolized antigen
only and of 64 of the 83 sera that were recorded as reacting with
formolized antigen only. This would leave but 26 or 0.6 per cent of
all tests in which failure to secure the same interpretation of the
agglutination reactions with both antigens might not have been due

to the real reaction with the phenolized antigen being obscured by
cloudiness.
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RESULTS OF AGGLUTINATION TESTS oF 4,322 FowL SERA WITH 0.5 PER CENT
PHENOLIZED ANTIGEN AND 0.1 PER CENT FORMOLIZED ANTIGEN

Number that reacted Number cloudy with phenolized antigen
Also Also Also

Number With With reacted | reacted | reacted
of sera With |phenolized|formolized with with with

both antigen | antigen Total Total both  [phenolized|formolized

antigens only only antigens | antigen | antigen
only only
200 3 0 5 8 151 0 0 4
65 0 0 0 0 10 0 0 0
56 3 0 0 3 46 0 0 0
92 10 0 1 11 27 1 0 0
42 1 0 0 1 25 1 0 0
11 0 0 0 0 0 0 0 0
9 1 0 0 1 1 0 0 0
9 2 0 0 2 0 0 0 0
171 54 0 2 56 52 10 0 2
54 9 0 0 9 3 0 0 0
176 34 0 10 44 61 9 0 6
170 27 0 16 43 87 12 0 14
215 0 0 1 1 56 0 0 1
218 38 0 0 38 49 2 0 0
164 24 0 5 29 86 6 0 5
125 43 0 4 47 11 4 0 4
203 21 0 0 21 103 1 0 0
190 48 1 3 52 63 1 0 2
161 34 0 2 36 68 5 0 1
70 0 0 0 0 22 0 0 0
114 27 0 0 27 21 0 0 0
199 67 0 0 67 64 2 0 0
50 23 0 0 23 7 0 0 0
134 13 0 2 15 48 4 0 0
96 3 0 0 3 62 0 0 0
131 2 0 0 2 82 0 0 0
13 2 0 0 2 0 0 0 0
33 5 0 0 5 0 0 0 0
21 4 0 0 4 12 0 0 0
6 0 0 0 0 0 0 0 0
36 6 0 0 6 10 0 0 0
36 6 0 0 6 0 0 0 0
156 29 0 1 30 31 6 0 1
313 167 30 10 207 275 164 28 8
152 21 2 0 23 16 0 0 0
151 21 0 4 25 1 0 0 1
280 137 8 17 162 150 70 6 15
4322 885 41 83 1009 1700 298 34 64
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Seven of the fowls whose blood serum had agglutinated the
formolized antigen and had neither clouded nor agglutinated the phen-
olized antigen were secured for autopsy. The postmortem and bac-
teriological examinations of two of these birds were negative. Four
birds had abnormal yolks in the ovaries. Bact. pullorum was isolated
from three of these. The seventh bird exhibited no ovarian abnormali-
ties, but a mass of fibrinous exudate was present in the pericardial sac.
Bact. pullorum was isolated from the exudate. These results demon-
strate that at least a part of the fowls that reacted with the formolized
antigen only were carriers of Bact. pullorum.

VARIATIONS IN THE DEGREE OF THE REACTIONS WITH THE Two
ANTIGENS

The preceding discussion of the comparative results of the agglu-
tination tests with 0.5 per cent phenolized and 0.1 per cent formolized
antigens has shown that 885 or 20.4 per cent of the sera gave a positive
reaction with both antigens. In these tests, partial or complete agglu-
tination in any serum-antigen dilution was considered a positive
reaction. This classification, therefore, serves to differentiate the sera
which produced no agglutination of either one or both antigens from
those which produced some agglutination in one or more dilutions with
each antigen, but does not indicate whether agglutination occurred in
one or more dilutions or whether the number of dilutions in which
agglutination occurred was the same for both antigens. In making
an accurate comparison of the results with the two antigens, however,
consideration of the degree of agglutination obtained with each antigen
must be given. A summary of the data on this point is, therefore,
included in this paper.

Two dilations, i.e., 1-25 and 1-50, were used in 3021 tests and four

dilutions, i.e., 1-25, 1-50, 1-100 and 1-200 in 1301 tests. The results
are as follows:

Two-dilution Tests—A positive reaction with both antigens was
obtained in 641 tests. In 546, or 85.1 per cent, agglutination oeccurred
in the same dilutions of both antigens as follows:

35 sera agglutinated the 1-25 dilution only.
511 sera agglutinated both the 1-25 and 1-50 dilutions.

In 95, or 14.8 per cent, of the positive tests, agglutination did not
oceur in the same dilutions of both antigens. The variations in these
agglutination reactions were:
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40 sera agglutinated the 1-25 dilution only of phenolized
antigen and both dilutions of formolized antigen.

55 sera agglutinated both dilutions of phenolized antigen and
the 1-25 dilution only of formolized antigen.

There was cloudiness of the phenolized antigen in 57 of the 95 tests.
This might have been responsible for much of the difference in the
readings of the reactions with the two antigens in these tests.

Four-dilution Tests—A positive reaction in both antigens was
obtained in 244 tests.

In 126, or 51.6 per cent, agglutination occurred in the same
dilutions of both antigens as follows:

27 sera agglutinated the 1-25 dilution only.

39 sera agglutinated the 1-25 and 1-50 dilutions only.

8 sera agglutinated the 1-25, 1-50 and 1-100 dilutions.

59 sera agglutinated the 1-25, 1-50, 1-100 and 1-200 dilu-
tions.

In 118, or 48.3 per cent, of the positive tests, the dilutions in
which agglutination occurred were not the same for both antigens.
The agglutination titre in fourteen of these tests was higher with the
phenolized than with the formolized antigen, and in 104 tests the titre
was higher with the formolized than with the phenolized antigen.
The variations in these agglutination reactions are given in table 2.

TABLE 2
VARIATION IN THE DILUTIONS OF PHENOLIZED AND FORMOLIZED ANTIGENS
AGGLUTINATED BY THE SAME SERA. DILUTIONS OF 1-25,
1-50, 1-100 AND 1-200 WERE USED

Number of sera
Number of | Dilutions of phenolized antigen | Dilutions of formolized antigen | causing clouding
sera agglutinated . agglutinated of phenolized
antigen
2 1-25, 1-50, 1-100, 1-200 | 1-25, 1-50 - 0
3 1-25, 1-50, 1-100, 1-200 | 1-25, 1-50, 1-100 1
4 1-25, 1-50, 1-100 1-25, 1-50 1
5 1-25, 1-50 1-25 1
6 1-25 1-25, 1-50, 1-100, 1-200 3
28 1-25, 1-50 1-25, 1-50, 1-100, 1-200 6
28 1-25, 1-50, 1-100 1-25, 1-50, 1-100, 1-200 3
14 1-25, 1-50 1-25, 1-50, 1-100° 3
5 1-25 1-25, 1-50, 1-100 0
23 1-25 1-25, 1-50 9
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It can be seen from the preceding data that there was little
difference in the agglutination of the phenolized and formolized
antigens in the 1-25 and 1-50 dilutions. Much of the difference that
did exist might have been due to incorrect reading of the reaction in
the phenolized antigen because of clouding of that antigen by some
of the sera. A considerably larger number of sera, however, caused
agglutination of the 1-100 and 1-200 dilutions of formolized antigen
than in the corresponding dilutions of phenolized antigen.

DiscussioN

The results of the 4322 comparative tests indicate that antigen
containing 0.1 per cent formalin is satisfactory for making agglutina-
tion tests of blood serum from fowls. There was little difference in
either the number or distribution of the sera which reacted with the
two antigens. In the tests in which four dilutions were used and in
which reactions to both antigens in at least one dilution were obtained,
more sera caused agglutination in the 1-100 and 1-200 dilutions of
formolized antigen than in the corresponding dilutions of phenolized
antigen.

The cloudiness which ocecurred in 1700 tests with phenolized
antigen did not appear in the corresponding tests with formolized
antigen. In this respect, the formolized antigen was more satisfactory
than the phenolized antigen.

It was observed that the clumps of bacteria formed by the agglu-
tination of the organisms in the formolized antigen were smaller and
more easily broken up than the clumps of bacteria in the phenolized
antigen. This was of no importance when complete agglutination
occurred, but did make the reading of partial agglutinations more
difficult in the formolized antigen than in the phenolized antigen.
This feature of the behavior of formolized antigen, however, is an
unimportant source of error in the interpretation of agglutination
reactions when compared with the frequently-occurring cloudiness of
phenolized antigen.
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