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The data recorded in the previous papers of this
series are based upon tests carried out in a more
or less uniform manner. The method of testing
for cold agglutinins (1) is essentially the one
which has been found (2) most suitable in the
studies of blood from cases of hemolytic anemia.
It was readily reproducible when the same mate-
rials were employed in repeated tests carried out
at the same time. When, however, the same sera
were retested on other occasions, slight, and some-
times considerable, differences in titer were noted.
For that reason, as these investigations pro-
gressed, batches of sera were subjected to com-
parative tests, using the routine method and some
variation of this method. The present paper is
devoted to a critical evaluation of certain details
of the quantitative technique for determining cold
agglutinins in human serum as revealed by- these
comparative tests. Most of the data were accumu-
lated during the course of the present investiga-
tions, but some were the results of separate experi-
ments.

EFFECT OF AGE OF CELLS ON COLD ISOAGGLUTININ

TITERS

It was noted early in the course of these studies
that some sera in which cold agglutinins could not
be demonstrated with cells that were used on the
day the blood was drawn nevertheless showed sig-
nificant titers when tested with the same cells after
they had been allowed to stand 3 or 4 days. It
seemed important, therefore, to determine how
often and to what extent this phenomenon oc-
curred. A number of sera were, therefore, tested
simultaneously with cells obtained on different
days from the same donor.

Tests of cold agglutinins were usually carried out 2 or
3 times each week throughout this study. On a number
of these occasions, batches of sera, both positive and nega-

tive, were tested at the same time with fresh or 1-day-old
cells and with other cells from the same donor that had
been used for previous tests and were 3 or 4 days old at
the time, The cells had remained suspended in saline dur-
ing this period. They were kept in a refrigerator when
not in use and were discarded if hemolysis occurred. A
single set of dilutions was made and distributed in dupli-
cate tubes in order to minimize errors from this source.
In these tests and in the succeeding ones, all of the ag-
glutinations were observed at 40 C. and were completely
reversed at 370 C.

The accumulated results of the comparative
tests are shown in Table I. One-fourth of the
sera showed the same titers with the fresher and
with the older cells, but almost twice as many
showed higher titers with the older cells. When
compared separately, lower titers were more fre-
quent with fresh than with 1-day-old cells and
higher titers were somewhat more frequent with
4-day-old cells than with 3-day-old cells. An ap-
preciable number of sera which gave no agglutina-
tion in a dilution of 1:10 (the lowest dilution
tested) when fresh or 1-day-old cells were used,
yielded titers ranging from 10 to 320 with 3- or
4-day-old cells. A similar number of positive
sera showed titers which were 8 or more times
greater with the older than with the fresher cells.
These observations indicate that 3- or 4-day-old
cells are appreciably more sensitive to agglutina-
tion in the cold than are fresh or 1-day-old cells
except in sera having a high content of cold ag-
glutinins.

COMPARISONOF RESULTSWITH CELLS FROM

DIFFERENT DONORS

In the preceding comparisons, the cells used in
the tests of each serum were obtained from the
same donor. It was not feasible to use a single
donor throughout all of the studies. It was of
interest, therefore, to obtain information on the
extent to which variations in the titer of cold ag-
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TABLE I

Comparison of cold isohemagglutinin titers (end-point +) of the same sera tested simultaneously with fresh or 1-day-old cells
and with 3 or 4-day-old cells of the same donor

Titer with Titer with 3 or 4-day-old cells
fresh or Total_

1-day-old -_ _ _ _ _ _-_ _ _ _ _ _ - _ _ _ _ _ _-_ _ _ _ _ _ - _ _ _ oa

celis <10 10 20 40 80 160 320 640 1280 2560 5120

<10 2 5 8 5 2 2 24
10 3 4 2 9
20 1 9 8 3 1 22
40 3 2 2 11 13 10 5 2 1 49
80 1 1 2 7 25 7 2 1 1 47

160 1 4 6 24 1 1 9 55
320 7 22 33 26 3 4 95
640 15 18 13 1 2 49

1280 5 5 10
2560 1 1
5120 1 1

Total 5 4 12 38 48 101 82 57 6 8 1 362

SUMMARY

Same titer with fresh or 1-day cells and with 3 or 4-day-old cells ................................... 90 (25 per cent)
Higher titer with 3 or 4-day-old cells .......................................................... 177 (49 per cent)

< 10 with fresh or 1-day cells, 10 or higher with 3 or 4-day-old cells .... ...... 24
2-fold ................................................................. 88
4-fold ................................................................. 43
8-fold ................................................................. 16
16 or 32-fold ........................................................... 6

Higher titers with fresh or 1-day old cells.95 (26 per cent)
<10 with 3 or 4-day cells, 10 or higher with fresh or 1-day cells .............. 5
2-fold ................................................................. 55
4-fold ........344-fold ~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .........3

8-fold ................................................................. 1
Note: The 95 sera in which the titer with fresh or 1-day cells was 320 were about equally divided among those having

the same (35 per cent), higher (30 per cent), and lower (35 per cent) titers with the older cells.
Among the 206 sera in which the titer with the fresher cells was less than 320, 69 per cent had higher titers with

3 or 4-day cells; whereas, 70 per cent of the 61 sera in which the titer with the fresh or 1-day cells was greater than 320
had lower titers with the old cells.

glutinins occurred when cells of the same age but
obtained from different donors were used in tests
of the same sera. Two series of experiments were
carried out for this purpose; the cells of two
donors were used in the first and those of 8 donors
were tested in the second.

In the first experiment, blood was obtained at the same
time from two donors (F and S). The bloods were
washed 3 times and 2 per cent suspensions were made and
stored at 5° C. The procedure was repeated 4 days later.
Sera previously found to have low or moderate titers were
tested at the same time with these 4 cell suspensions. In
the second experiment, erythrocyte suspensions from 8
donors were all used in tests of the same sera on the day
the cells were obtained and on 5 or 6 successive days
thereafter. As in the previous tests, a single series of
dilutions was made of each serum and distributed into
separate rows of tubes in order to minimize variations
resulting from this source. In order to indicate the in-
tensity of the reaction, both the ++ and the + end-points
are recorded.

The first of these experiments was done with
27 sera. Considerable variations in the sharpness
of the end-point were obtained in different sera as
indicated by the discrepancies between the ++
and the + end-points. This was true for both
the fresh and 4-day-old cells of each donor. A
comparison of the titers obtained with the cells
of the 2 donors indicated that the cells of S were,
in general, more sensitive to agglutination in the
cold and thus gave higher titers than did the cells
of F. The differences, however, were greater
with the fresh cells, and with them the + + end-
points obtained with the cells from both donors
varied somewhat less than did the + end-points.

Thus, the fresh cells of donor S showed ++ agglutina-
tions in dilutions of 10 to 40 in 5 sera in which there was
no agglutination with the cells of F in the lowest dilu-
tion tested, namely 1: 10. In the remaining 22 sera, the
++ end-point with fresh F and S cells was the same in
18 sera and only twice as high with the cells of the one
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or the other donor in the 4 remaining sera. The + end-
points on the other hand were higher more often with the
cells of donor S. The same + end-point was obtained
with the cells of the 2 donors in only 8 sera, including 1
in which the titer was less than 10. In all but 1 of the
19 remaining sera, the titers with S cells were 2- or 4-fold
greater than with F cells and in 3 of them, titers of 20
or 40 were obtained with S cells and no agglutination was

obtained with F cells. When 4-day-old cells were used,
on the other hand, there was much less difference between
the cells of the 2 donors. Thus, ++ agglutination was

obtained in the same titer with both F and S cells in 12
sera and higher titers were obtained in 9 sera with the
former and 6 with the latter. The final titers (+) were

the same with the 2 donors' cells in 18 sera, and the re-

maining 9 showed only 2-fold differences in titer, favor-
ing the F cells in 5 instances and the S cells in 4.

The cells of both donors behaved alike with re-

spect to the effect of the age of the cells. Both
gave higher titers with the 4-day cells than with
the fresh cells. The intensity of the cold aggluti-
nation with both donors' cells, as indicated by the
++ end-points, was correspondingly greater with
the 4-day-old cells. In this respect, however,
greater differences were noted with the cells of F
than with the cells of S.

In summary, therefore, the cells of both F and
S gave higher titers with 4-day-old cells than with
fresh cells. These differences were more marked
with the cells of F. With fresh cells, higher titers
were obtained more often with the cells of S.
With the 4-day-old cells on the other hand, there
was essentially no difference in the results ob-
tained with cells of the 2 donors.

In the second experiment, 6 sera of high titer
from cases of atypical pneumonia were emnployed
on 2 occasions. Here again the greatest differ-
ences were noted with the fresh cells. In general,
the titers increased through the second or third
day and then declined. The greatest decline, how-
ever, occurred when 5- or 6-day-old cells were
used, the titers with these cells being comparable
to those obtained with fresh cells. In only 1 of
the 6 sera were the titers obtained with fresh cells
the same or higher than with older cells. In that
serum, the titers began to decline after the second
day. The variations in the titers obtained with
the cells of different donors were less striking than
those obtained with the cells of different age ob-

TABLE II

Comparison of cold agglutinin titers obtained with Group 0 erythrocytes of different ages and from various donors

Fresh 1 Day 2 Days 3 Days 4 Days 5 and 6 Days*
Serum Donor

2+ 1+ 2+ 1+ 2+ 1+ 2+ 1+ 2+- 1+ 2+ 1+

I A 20 80 80 160 80 80 320 640 160 320 80 320
B 20 40 80 320 160 1280 320 1280 80 320 80 320
C 20 20 80 160 80- 640 320 320 160 640 80 80
D 20 80 160 320 160 1280 320 1280 160 320 80 160
E 20 40 160 320 320 1280 640 1280 80 320 80 320
F 20 80 160 640 160 320 160 2560 80 320 20 40
G 20 20 160 320 320 640 320 2560 80 320 40 80
H 20 40 80 320 320 1280 160 640 80 320 80 160

2 E 320 640 160 160 320 320 160 160 160 160 40 40
G 640 1280 160 320 320 640 160 320 80 320 80 80
H 160 640 160 320 320 640 160 320 320 320 40 80
I 320 640 160 640 160 1280 160 160 80 160 80 80
J 160 640 160 320 320 640 160 160 80 320 40 40
K 160 640 160 640 160 320 80 160 160 320 80 80
L 320 640 160 320 320 320 160 160 160 320 80 160
M 320 640 320 320 320 2560 320 640 320 640 80 160

3 E 40 40 320 640 160 320 320 640 160 640 80 160
G 40 40 320 640 640 2560 320 320 160 320 40 80
H 40 40 320 1280 320 320 320 320 160 640 80 80
I 40 40 160 1280 160 640 320 640 160 640 40 80
J 40 40 320 640 320 320 320 640 160 320 80 80
K 40 40 320 640 320 320 160 320 160 160 80 160
L 40 40 640 640 320 320 160 320 160 320 80 160
M 40 40 640 1280 320 1280 320 640 320 320 40 80

* Serum 1 was tested with 5-day-old cells and sera 2 and 3 with 6-day-old cells. They were 1 to 10 weeks old at the
time of these tests.

When no agglutination occurred beyond the ++ end-point, the same titer is listed under +.
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tained from the same donor. The results in 3 of
the sera, which illustrate most of the variations
observed, are shown in Table II.

Thus, it would appear from the results of these
two experiments that the age of the cells is an im-
portant factor in the cold agglutinin titer. This is
true both in sera of low and of high titer but the
most marked differences are noted in sera having
low titers. Considerable variations in titer are ob-
tained with cells of the same age obtained from
different donors, particularly when the sera are
of low or moderate titer.

COMPARISONOF TITERS WITH 2 PER CENTAND

WITH 02 PER CENTCELLS

In the routine test for cold agglutinins, equal
volumes of 2 per cent cells were added to the
serum dilutions. This concentration of cells gives
a fairly heavy suspension. In sera of high or
moderate titers, the readings are easily made be-
cause of the large clumps which are formed. It

was considered possible, however, that agglutina-
-tion of lesser intensity might be obscured because
of the density of this suspension. To examine this
possibility, tests were carried out simultaneously
with 0.2 per cent suspensions of cells.

In these tests, the 02 per cent suspension was made by
further dilution of the 2 per cent cells used in the same
tests, 3-day-old cells from several donors being used.
Batches of sera were tested simultaneously with both con-
centrations of cells. As before, a single series of dilutions
of the serum was prepared and divided between 2 rows
of tubes. A scale of reading was adapted for the tests
with 0.2 per cent cells which corresponded to that used
with 2 per cent cells.

The results of 400 simultaneous tests with these
2 concentrations of cells are shown in Table III.
Among the 172 positive tests, slightly more than
one-third yielded similar titers with both concen-
trations of cells. In the remaining tests, higher
titers were obtained 3 times as often with 0.2 per
cent cells as with 2 per cent suspensions. The

TABLE III

Cold isohemagglutinins. Comparison of titers (1+) obtained with 2 per cent and with 0.2 per cent suspensions
of the same cells tested simultaneously in the same sera

Titer with 0.2 per cent cells
Titer with

2 per cent cells
<10 10 20 40 80 160 320 640 1280 Totals

<10 228 9 6 2 3 248
10 6 3 8 1 1 19
20 1 1 6 6 1 1 3 28
40 0 2 1 10 11 2 26
80 1 17 8 1 1 28

160 1 4 16 5 26
320 1 1 5 2 9
640 1 3 5 2 1 i

1280 2 2 1 5

Totals 237 15 21 19 48 31 16 10 3 400

Comparison of results with 2 per cent and 0.2 per cent cells No.

Same titers ..... 291

Titers higher with 0.2 per cent cells................................
2 per cent = <10; 0.2 per cent = 10 or higher..............
2-fold higher..........................................
4-fold higher..........................................
8-fold higher..........................................

Titers higher with 2 per cent cel..................................
0.2 per cent = <1O; 2 per cent = lO or higher ..............
2-fold higher. ..........................................
4-fold higher. .........................................

82
20
42
15

5

27
9

12
6

Per cent Corrected *
percent

72.8 36.6

20.5
5.0

10.5
3.8
1.3

6.8
2.3
3.0
1.5

47.7
11.6
24.4

8.7
2.9

15.7
5.2
7.0
3.5

Totals .. 400 100 100
* By exclusion of the 228 tests in which the titer was <10 with both 2 per cent and 0.2 per cent cells. The final

concentration of cells in the mixtures were j of the stated amounts whereas the titers are given as thefinal dilution of the
serum after the cells are added.
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differences, however, were not very great and oc-
curred mostly in sera of low titer.'

RESULTSWITH POOLEDERYTHROCYTESFROM

SEVERALDONORS

One intensive experiment was carried out with
67 sera and a pool of erythrocytes derived from 8
group 0 donors. The sera varied widely in their
cold agglutinin titers and were several months old
at the time. One-half of the pooled blood was

stored in the original citrated plasma and the cells

of the remainder were washed and made up as a
2 per cent suspension in saline. The sera were

tested simultaneously with 4 concentrations of
fresh cells, namely 2.0, 1.0, 0.5, and 0.2 per cent.
On 6 successive days thereafter, the sera were

retested with similar concentrations of cells in
duplicate, one set of suspensions being freshly
made up each day from the original stored citrated
blood and the other from the cells which had been
stored as a 2 per cent suspension in saline.

The results corroborated those of the previous
experiments with respect to the age of the cells.
The strongest agglutination and the highest titers
were obtained with cells 2 to 4 days old, the opti-
mumvarying in different sera. With fresher and
with older cells, the agglutinations were progres-

sively weaker and the titers were lower. The con-

centration of the cells had much less effect. The
end-points were easiest to read when the 1.0 per

cent suspension was used than with the higher or

lower concentrations. The titers, however, varied
less than in the previous experiment in which 2.0
and 0.2 per cent suspensions were compared. The
cells which were stored in the original plasma gave

higher titers and clearer end-points than the cells
which were stored as a 2 per cent suspension in
saline.

SHARPNESSOF THE END-POINT

The simplest quantitative measure of the in-
tensity of the cold agglutination reaction was the
titer to which strong agglutination was noted.
The difference between the highest concentration
of serum giving strong agglutination and that at
which the weakest definite agglutination is dis-
cerned can be taken as a measure of the sharpness

Similar observations were reported at the recent meet-
ing of the Society of Arnerican Bacteriologists (3).

TABLE IV

Cold isohemagglutinin tiers. Comparison of
++ and + end-points

2.0 per cent 0.2 per cent
cells cells

Titer ++ Titer +

Sera Percent Sera Percent

<10 10 55 4.1 11 6.9
20 74 5.5 16 10.0
40 60 4.5 7 4.4
80 23 1.7 6 3.8

160 5 0.4 1 0.6
320 2 0.1 1 0.6

Total 219 16.3 42 26.3

10 or more Same as ++ 169 12.6 37 23.1
2-fold 615 45.8 56 35.0
4-fold 280 20.8 18 11.3
8-fold 55 4.1 7 4.4

16-fold 6 0.4 0 0

Total 1125 83.7 118 73.8

Total positive sera 1344 100.0 160 100.0

The tests with 2 per cent cells include those in which
the erythrocytes were of different ages up to 4 days but
the 0.2 per cent cells used in these tests were 3 days old.

of the end-point. Since there were many sera of
comparatively low titer, the ++ end-point was
chosen to indicate the strong reaction. The +
end-point was used for the final titers since it
seemed more likely, thereby, to exclude non-
specific reactions which were seen as slight ag-
glutination (+), visible only with magnification.

The differences between the ++ and + end-
points are summarized in Table IV. Among the
sera which failed to show ++ agglutination, the
+ end-points ranged up to 320. This represents
differences ranging up to 64-fold, provided that
++ agglutination were present at all in dilution
below 10. In most of these sera, however, the +
end-point was between 10 and 80. The sera
which showed stronger cold agglutination as in-
dicated by ++ agglutination in titers of 10 or
higher gave appreciably sharper end-points. Only
rarely was there a 16-fold difference between the
+ + and + end-point, and in all but a few sera,
there was a 4-fold difference or less. No definite
or uniform relation was discernible between the
sharpness of the end-point and the age and con-
centration of the cells.

From these observations it may be said that
sharp end-points were associated with high titers
and with strong agglutination, but in general, the
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end-points were fairly distinct considering the
character of the reaction.

DISCUSSION

The test for cold agglutinins in human serum
as usually performed, and as carried out routinely
in the studies that were reported in this series of
papers, is a very simple one to perform. In sera
of high titer, it is very easy to read and to inter-
pret. In sera of low titer, however, both the read-
ing and the interpretation may not be so simple.
Many factors may influence the quantitative re-
sults of these tests. In some sera, particularly
those of low titer, the cold agglutinins may not be
revealed by the test under certain circumstances.
If the test for cold agglutinins is to be used as a
diagnostic aid,--and its value in this respect was
indicated by the data presented in the earlier pa-
pers of this series,-an acquaintance with the pit-
falls and possible errors involved in the test is
essential. It is for that reason that the present
studies were undertaken.

Only a few of the technical features of the
method as they affect the results of the test were
analyzed in this paper. Others were considered
in the preceding paper of this series, and the ef-
fect of storage of the sera on the titers of cold-
agglutinins will be considered in the paper which
follows. These studies were not intended to in-
clude all of the technical details or to indicate ac-
curately the statistical errors involved in each
phase of the technique. Only some of the more
important features which should be kept in mind
in determining cold isohemagglutinin titers in hu-
man sera were considered.

The data presented indicate that the age of the
cells that are used in the test for cold agglutinins
is an important factor in determining the intensity
of the cold agglutination as well as the titer, par-
ticularly in sera of low or moderate cold agglutinin
content. In such sera, the use of fresh or even
1-day-old cells may fail to reveal cold agglutinins
which can be demonstrated in moderate titers
when 2- to 4-day-old cells are used. Furthermore,
the differences in the sensitivity of cells from dif-
ferent donors is appreciably lessened when the
older cells are used.

Cells of lower concentration than the one rou-
tinely used may also yield higher titers in some

sera in which the cold agglutinin content is low.
This may be due to the fact that the greater dis-
persion of the cells offers a better opportunity to
observe minor degrees of agglutination. How-
ever, with concentrations as low as 0.2 per cent,
the reading of the test is more difficult, particu-
larly near the end-points, and 1.0 per cent suspen-
sions are more satisfactory in this respect.

The sharpness of the end-point is, in a way, a
measure of the accuracy of the quantitative meas-
urements. In this respect, there did not seem to
be any uniform differences related to the age of
the cells or to their source. Here, again, the cold
agglutinin content was more important, sharper
end-points being obtained in sera of high titer.

From the point of view of the patient and his
disease, these factors may not be of great signifi-
cance. If the cold agglutinating property of serum
during the course of an infection or early in con-
valescence is an important factor in bringing about
such complications as hemolytic anemia, thrombo-
phlebitis, acrocyanosis, etc., it is obviously only the
patient's own circulating cells and plasma which
are involved. The conditions to which the blood
is subjected in various parts of the body and its
content of cold autohemagglutinins are probably
the only factors which are of importance. Of
these, only a measure of the autohemagglutinin
content is obtainable in the test tube; its relation
to isohemagglutinins was considered in the pre-
ceding paper.

SUMMARYANDCONCLUSIONS

The results of comparative tests for cold iso-
hemagglutinins carried out simultaneously with
cells of different age, from different donors, and
in different concentrations were presented. Con-
siderable variations in the intensity of the aggluti-
nation and in the titers were obtained in indi-
vidual sera under these conditions. The greatest
variations were obtained in sera in which the cold
agglutinin content was low. In such sera, the use
of cells which were 2 to 4 days old gave signifi-
cantly higher titers with greater regularity than
did fresh or 1-day-old cells. With the 2- to 4-day-
old cells, moreover, the differences between the
titers obtained with the use of cells from different
donors were minimized. Cells more than 4 days
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old behaved in these respects more like fresh cells.

In comparative tests, in which 2 per cent and 0.2
per cent cells were used, the latter yielded higher
titers more frequently than the former. A con-

centration of 1.0 per cent, however, proved more

satisfactory technically. Cells stored in the orig-
inal plasma were more satisfactory than those
which were stored in saline.
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