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B L O O D S T U D I E S 0 N N O R M A L H O R S E S 

From a survey of available literature it appears that the blood 
of normal horses has been studied much less extensively than the blood 
of human subjects, and also that the work on horse blood has been 
limited to only a few types of analysis. 

The routine examination of the blood of all horses received at 
the laboratories, prior to immunization, is necessary not only as a 
part of the inquiry into their physical state, but also that subse-
quent comparisons may be made during the course of immunization. 
Much material is thus afforded from which considerable information 
may be gained. 

It is the purpose to present in part I of this report data that 
have been obtained from groups of horses which are fairly representa-
tive of average normal farm and city horses in apparently good health. 

Observations during the early part of the study showed the ne-
cessity of keeping the conditions under which the blood was drawn 
from the horses uniform as possible, as exercise was found to have a 
very material influence on the number of cellular constituents cir-
culating in the blood. Consequently, the samples that were consider-
ed as "normal", and with which later comparisons were made, were 
taken at the operating building of the laboratories; this necessi-
tated walking the horses approximately ten to fifteen rods before 
the blood was obtained. 

All blood samples were withdrawn directly from the jugular 
vein. For uncoagulated specimens, the blood was collected into 



tubes or flasks to which had been added saturated potassium oxalate 
solution to the amount of 0. 1 cc. to approximately 20 cc. blood, giv-
ing a final concentration of about 0. 165%. The dilution of the 
blood occasioned by this small quantity of oxalate solution is rela-
tively insignificant. 

The data on part of the work are given separately as they were 
obtained from horses in two groups. To account for this division, 
the records of the first had been completed, then later those of the 
second were added as they became available. The groups were fairly 
comparable in size, in the first were 72 horses and in the second 65, 
thus in submitting these findings it has been possible to consider 
the groups comparatively and plurally, so that as a result of this 
comparison additional information has been obtained. 

Included with the average results of each type of analysis are 

the corresponding standard deviation and coefficient of variation, 

which indicate the similarity or the dispersion of the results. On 

the main groups the standard deviation was calculated from the form-

ula, O* (or S. D. ) in which n refers to the number of horses 

and £(d)2 is the sum of the squares of the deviations from the mean. 
For calculating the standard deviation on smaller numbers of horses, 

When the two main groups were compared the "standard deviation of 
the mean" was taken as ff. distribution in which the standard devi-
ation of a group was divided by the square root of the number of 
animals in that group. 
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ERYTHROCYTES 

The technique for red cell counting was similar to the method 
commonly described in text-books on laboratory medicine. Hayem's 
solution was used as the diluting fluid, and was found to be quite 
satisfactory. 

The average number of erythrocytes per cu. mm. of blood taken 
from 137 horses after a short walk was 8,103, 000 (tables 20 and 21). 
For the first group of 72 horses the average count was 8, 020, 000, and 
for the second group of 65 horses it was 8, 196, 000. The following 
table shows the dispersion of the horses in relationship to the 
average number of red cells. 

Table 1 
Less than average More than average 

Percentage 40-50 30-40 20-30 10-20' ±10 10-20 20-30 30-40 40-50 
Horses 0 1 6 22 81 17 8 1 1 

Age. — In an effort to determine the effect of age on the 
number of cellular elements in the blood, 66 horses were divided 
into four groups. In the first, 3 to 6 years, were 18 horses; in 
the second, 7 to 10 years, were 18 horses; in the third 11 to 15 
years, 20; and in the fourth group, 16 years and over, were 10 horses. 
From a comparison of these groups the red cell count was highest in 
the horses 7 to 10 years, being 8, 529, 000. The first group of young 
horses was next with 8, 262, 000; those 11 to 15 years were third, 
having an average count of 7, 878, 000; and the aged horses lowest, 
7, 217, 000. The complete results may be seen in tables 30 and 31. 

Exercise. — The influence of exercise on the number of circulat-
ing red cells was studied on successive samples from 21 horses. 
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Although the mean increase from the samples taken in the stable to 
those taken after walking exercise was 13. 6%, the maximum increase 
was The increase from the stable samples to those taken after 
running was 27. 1%, with a maximum of 45%. It is evident that these 
changes are quite significant, and although the increases showed rela-
tively wide variations, they were progressive in each case, in that 
the more exercise produced the greater increase. It may be noted 
from Table 2 that the first average increase was approximately one 
half of the second. It, therefore, seems probable that samples 
taken after a short walk present the most representative blood 
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Variations in erythrocyte counts from day to day. — From 27 
horses, shown in Table 3, samples were taken on two days under the 
same conditions, after walking the same distance. The average 
variation from one day to another was 6. 5%. From nine of these 
horses, samples were also taken in the stable and after a run. The 
stable samples showed the greatest fluctuation with an average of 
10. 3% the samples taken after the run averaged 5. 8%. 

Table 3 
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Technical error in erythrocyte counting. — In consequence of 
the method of determining the number of red cells in a given quanti-
ty of blood, only certain limits of accuracy can be expected. It is 
assumed that when blood in a tube is carefully mixed each time before 
a count is made that the variation in the results is due to unavoid-
able differences in diluting or in the actual counting, with subsequent multiplication of the error, and not to variations such as might 

Table 4 
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occur if a second sample of blood were obtained. The variation between duplicate complete erythrocyte counts is exemplified in table 4, 
in which the results of these determinations from samples of oxalated 
blood from 28 horses are shown, From these comparisons the average 
difference was 3. 17% with a maximum of 5. 9%. 

Reticulocytes. — Using the brilliant cresyl blue stain as 
recommended by Stitt (1), the blood of eleven horses was examined 
but no clearly perceptible network could be found such as was readily 
seen in rabbit, rat and human blood on which the same stain was used. 

HEMOGLOBIN 

The determinations of hemoglobin were made with the Sahli 
hemoglobinometer on which the "per cent" scale at 100 was the equiva-
lent of 14 grams of hemoglobin per 100 cc. blood. 

The average percentage on 136 horses was 90. 0, the first group 
showing 88. 2, and the second 92. 0. It may be noted from tables 20 
and 21, that the hemoglobin has followed the order of the red cell 
count, each being slightly higher in group two, although the difference 
in each case was not statistically significant. Table 5 indicates the 
dispersion on the total number of horses. 

Table 5 
Less than mean More than mean 

Percentage 30-40 20-30 10-20 ' ±10 ' 10-20 20-30 30-40 
Horses 0 5 53 80 10 6 2 

Age. — Again, as in the red cell counts, the horses 7 to 10 • 
years were highest in hemoglobin, having an average of 98; the 
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young horses, 3 to 6 years, were next with 92. 5, following which 
were the 11 to 15 year group, 86 (85. 9), with 84 for the oldest 
horses. (See table 30). 

Exercise. — The effect of exercise on hemoglobin is well marked 
and coincides quite closely with the results on erythrocytes. On a 
group of 52 horses, shown in table 32, the average increase from the 
stable samples to those taken after walking was 12. 5%, with vari-
ations of 0 to 35. 7. The mean increase from the stable samples to 
those following the run was 23. 6% with a minimum of 0. 8, and a maximum 
of 58. 1%. As in the erythrocytes, the first average increase was 
approximately one-half that of the second. 

CELL VOLUME 

The percentage of red corpuscles in the blood of each horse 
was determined by means of 15cc. centrifuge tubes graduated to 
0. 1 cc. The carefully mixed blood was added to the 10 cc. line, 
then the tubes were stoppered to prevent evaporation and centrifuged for 20 to 25 minutes at about 1500 r. p. m. to give the maximum 
packing of cells. 

The red cell volume estimated from 137 horses averaged 40. 7%, 
with only a small difference between the groups, the first being 
40. 5% and the second 41. 0%. The complete data are shown in tables 
20 and 21. The following table shows the range. 

Table 6 
Less than mean More than mean 

percentage 30-40 20-30 10-20 ±10 10-20 20-30 30-40 
Horses 0 7 19 94 10 6 1 
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The age group comparisons portrayed the same relationship in 
the percentage of cells as in the erythrocytes and hemoglobin, where-
in the horses 7 to 10 years were highest in cell volume with an 
average of 43. 3%, the young horses were second, showing 41. 3%, those 
1 1 to 15 years 40. 2, and the oldest horses 36. 2%. 

As a result of exercise, the average increase after walking was 
12. 5%, with variations from 2 to 36%; the second increase averaged 
24. 3% with a minimum of 2% and a maximum of 54. 5%. It may be seen 
in table 32 that the cell volume in this respect showed a striking 
similarity to the changes in hemoglobin. 

As previously mentioned, a saturated solution of potassium 
oxalate to the amount of 0. 5 cc. per 100 cc. was used for routine 
samples of uncoagulated blood. When smaller volumes are collected 
in test tubes, variations in the quantity of blood added result in 
relative differences in oxalate concentration. 

In table 7 are shown the results of comparisons for which the 
total volume of each sample was kept constant, and the amount of 
oxalate varied. (1) represents more than ordinary variations in 
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the final oxalate concentration. (2) and (3) are the regular and 
much increased concentrations, the saline having been added to make 
the blood dilution comparable with those of the stronger solutions. 

From these results it appears that small variations in the final 
concentration of oxalate make no significant change, as shown in (1), 
but when the oxalate is much increased above that necessary to pre-
vent coagulation, it produces a marked decrease in cell volume as 
may be seen in (2) and (3), due to shrinkage of the cells. 

MEAN CELL VOLUME 

It is considered by Haden (2) that the volume is a much more 
sensitive indicator of the variation in size of red blood cells than 
is the diameter. 

The average corpuscular volume (3), expressed in cubic microns, 
-12 

or cubic centimeters x 1 0 , was obtained by dividing the volume 
of packed red cells in one liter of blood (C. V. x 10) by the red 
cell count in millions per cubic millimeter. Or, calculating it 
differently, as an example in which the red cell count is 8, 000, 000 
and the cell volume is 40%, the 8, 000, 000 cells would occupy a 
space of 400, 000, 000 cubic microns. The volume of one cell would 
then be 50 cubic microns. 

On 65 horses the individual red cells showed an average volume 
of 51. 06 cubic microns. The result on each horse is given in table 21. 
The following table shows the distribution. 
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COLOR INDEX 

This was estimated by dividing the percentage of hemoglobin by 
the percentage that the red cell count was of the group average. 
The average index based on 136 horses was 0. 977, with a variation 
between the groups of 1. 002 to 0. 95. 

Table 9 — color index dispersion 
Less than mean More than mean 

Percentage 20-30 10-20 ±10 10-20 20-30 
Horses 0 10 114 11 1 

RED CELL FRAGILITY 

The fragility of red blood cells was determined by adding a 
small constant volume of blood to varying concentrations of C. P. 
sodium chloride solution in the following manner. To a series of 
small tubes add 1% sodium chloride solution in amounts ranging 
from 0. 5 cc. to 1. 2 cc. in increments of 0. 1 or 0. 05 — less inter-
polation is necessary when increases of 0. 05 cc. are made. To each 
tube add distilled water to make the volume to 1. 9 cc. Mix, add to 
each tube 0. 1 cc. whole blood (cell volume corrected to 50, so that 
the amount of cells is kept constant in all tests) and again invert 
each tube to get an even suspension of cells. After the tubes have 
remained at rest for a few hours to allow the cells to settle, de-
termine the extent of hemolysis. It may be found that complete 
hemolysis has resulted in the tubes to which 0. 7 cc. or less of the 
1% salt solution was added, gradually diminishing to the "1 cc. " tube 
which may show only slight hemolysis. From this may be calculated the 
Percentage of sodium chloride at which complete and slight hemolysis 
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have developed. When a half-volume of washed red cells is used in 
place of the whole blood the results are usually slightly higher. 

Using this method on the blood of 54 horses, the average per-
centage of sodium chloride at which slight hemolysis occurred was 
0. 496. On a separate group of 33 horses (table 10), the result 
was very similar, 0. 5%. Complete hemolysis took place when the 
salt solution was decreased to an average of 0. 384%. 

Table 10 
Percentage salt 
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ERYTHROCYTE SEDIMENTATION 

The frequency of investigations in sedimentation on human blood 
during the course of many diseases, and the importance attributed to 
the results by some workers, prompted a study of the sedimentation 
rate in the blood of normal horses and those undergoing hyper-
immunization. 

Prom a number of papers, it seems evident that the settling rate 
of the cells in normal human blood is quite slow. Boerner and Flippin 
(4) using the Westergren method show the average distance settled in 
one hour to be about 3 mm. Other workers have reported slightly 
higher results. The velocity with which the cells in horse blood 
settle is quite phenomenal when compared with human blood. Wirth (5) 
shows that red cell sedimentation in horse blood is the fastest of 
any of the domestic animals. This feature alone suggests that the 
results on human blood under various conditions or in certain diseases 
may not be entirely comparable with those on the blood of horses. 
Furthermore, agreement on many points among workers on human blood 
is not yet in evidence. 

Several methods of conducting the test have been advocated. 
There are, however, three principal ones, each of which has many 
modifications. 

Fahraeus, who was one of the first to make observations on the 
sedimentation rate of cells in citrated blood, recorded his results 
by the depth of the clear fluid at the end of one hour. Westergren, 
using a longer and narrower tube, also had a similar system of recording. This has been referred to as the "distance method". Linzenmeier 
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used much shorter tubes and estimated his results by the "time method", 
or the time required for the blood cells to settle a given distance in 
millimeters. Cutler recorded his results graphically for the sedimen-
tation distance from readings at frequent intervals over a period 
of one hour. 

For horse blood, having such rapid settling of cells, it is 
important that frequent observations be made, as recommended in the 
last method. From readings made at five minute intervals a sedimen-
tation index may be calculated for the distance the cells settle per 
minute over the fifteen minute period of greatest settling. The 
advantage of this method of recording for horse blood over the 
method frequently used, that of considering the depth of clear plasma 
at the end of a given time, will be shown later in the paper. 

Tubes. — Many varieties of tubes used for the test have been 
reported. These seem to range from 5 to 20 centimeters in length 
with equally great difference in diameter. 

On considering the type of tube most suitable for horse blood 
our results indicated that the rate of settling is influenced to a 
much greater extent by the height than by the thickness of the 
column of blood. An illustration is given in table 11, from which 
also may be realized the difficulty of comparing the results of 
different workers when tubes of varying lengths are used. 

Table 11 
Sedimentation in tubes of varying lengths. 
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Comparing tubes having graduated portions 100 mm. in length and 
internal diameters of 2, 5, 8, 10, 13 and 16 mm. respectively, the 
rate was lowest in the smallest tube, increasing slightly with each 
increase in the size of tube to that having a diameter of 10 mm. 
The 10, 13 and 16 mm. tubes gave essentially the same results. The 
type of tube finally chosen was that having a diameter of 13 mm. 
with the graduated portion 100 mm. in length. 

Variations in single samples. — Horse blood being obtainable in 
larger quantities than human blood allows comparisons which are 
difficult to make when only a small volume of blood is available. 
Attempts at reproducibility of results revealed some interesting 
findings. 

When two or more sedimentation tubes containing blood of a care-
fully mixed sample are read simultaneously at five minute intervals, 
some variation between tubes may occur in the distance the cells 
settle in a given time, especially during the first ten or fifteen 
minutes. However, although the time required for maximum aggregation 
of cells may vary between tubes, and the cells in one tube may attain 
their maximum speed sooner and reach the stage of slowing or beginn-
ing of packing earlier than those in another, it was found by compar-
ing the greatest distance settled in each tube during any 15 minute 
period, that the tubes corresponded very closely if not identically. 
An example is shown in the following table. 

Table 12 
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Is this variation in the distance of settling at a given time 
due to the amount and type of mixing? When a sample of blood is 
divided into two lots, and one is sufficiently agitated to pro-
duce air bubbles in excess of that in the other lot less vigorous-
ly mixed, and sedimentation readings are made of each, the sample 
containing the more air shows the maximum rate earlier and in some 
cases may have a higher sedimentation index than the sample having 
less bubbles. Also, if a sample is well mixed, divided into two 
portions, tubes filled from one portion and allowed to stand for 
15 to 20 minutes then mixed at the same time the other portion 
of the sample is mixed and added to another set of tubes, the 
tubes last filled show an earlier maximum rate of settling than 
those of the first series, but the index is approximately the 
same in each group. These changes repeatedly observed indicate 
the importance of careful and uniform mixing of the blood for the 
test. 

Anticoagulants. — Although various agents are used to prevent 
clotting, those most commonly preferred seem to be potassium oxalate, 
sodium citrate and heparin. The dilution of the blood affected by 
the solvent of the anticoagulant may vary widely depending on the 
method. In the Linzenmeier technique the blood was diluted with 
3. 8% solution of sodium citrate of which 0. 2 cc. was added to 0. 8 cc. 
blood. Other workers use oxalate in dry form. These extremes may 
result in much variation in the rate of settling of the cells. 

Keeping the volume of the solvent of the anticoagulant con-
stant and comparing potassium oxalate 0. 165%, sodium citrate 0. 5% 
and heparin 0. 02% final concentration, we were unable to find any 
distinct difference between the oxalated and citrated samples. The 
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sedimentation index of the heparinized samples was slightly lower 
in each case. 

Realizing that there might be slight variations in the final 
concentration of oxalate from one sample to another due to small 
differences in the amount of blood added, variations greater than 
would occur from that source were purposely made. The amounts used 
were o. 4, 0. 5 and 0. 6 cc. saturated oxalate per 100 cc. blood. How-
ever, the results indicated that these differences were not sufficient 
to produce a clear-cut distinction in the sedimentation index. 

Age and temperature of the blood. — Opinions differ with regard 
to the length of time blood may be left after collection before 
sedimentation readings are made. Rourke and Plass (6) have found 
that blood tends to become more stable on standing, but within 
the period of a working day the changes are usually insignificant. 
Boerner and Flippin consider that after one hour the rate becomes 
progressively slower and is directly proportional to the delay. 
In our experience, no definite time allowance can be set to suit 
all bloods as some show a slowing more quickly than others, some 
changing within one to two hours, whereas others appear to suffer 
little alteration for several hours. It seems useless, however, 
to make a test on blood that has stood at room temperature for 
as long as overnight. For best results, it seems important that 
the test should be made as soon as possible after the blood has 
been drawn. When delay is inevitable, the temperature at which 
it is kept has an important bearing on the results, as shown by 
the following experiments. 

When well mixed samples were divided into three portions and 
one was left at room temperature, one in the incubator at 37°C., and 
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one in the refrigerator for an hour and then a sedimentation test 
carried out on each simultaneously, the results showed a slight 
increase in index with each increase in temperature. Similar 
results were obtained with less extreme variations in temperature, 
i. e. wide ranges of room temperature, 15 C., 24 C. and 32 C. (table 13) 
These findings confirm those of Rourke and Plass. However, when each 
portion was left at its respective temperature and readings were 
made at occasional intervals throughout the day, the sample at the 
highest temperature, which at first showed the increased rate, 
became definitely slower, the one kept at room temperature showed 
some decrease and that at the low temperature gave a slightly in-
creased sedimentation index. When this change had become evident, 
the warm and cold portions were placed at room temperature for about 
two hours for equalization, then readings were made on the three 
samples. The results were even more pronounced, thus showing that 
a readjustment of the sedimentation rate did not occur with the 
equalization of temperature, and that the moderately high temperature 
had a permanent, inhibiting effect on the sedimentation. An example 
is shown in table 13. 

Table 13 
Sedimentation index at different temperatures 

A somewhat similar experiment in which one portion of blood 
was kept in the refrigerator for 24 hours while a corresponding 
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portion remained at room temperature, also showed a very striking 
difference in the rate. The room temperature sample was very slow, 
little sedimentation having taken place even at the end of one hour 
the refrigerator sample, in contrast, had approximately the same 
rate and index as the original reading made the previous day immedi 
ately after the blood was drawn. 

It seems evident, therefore, that when tests must be delayed, 
less change is likely to occur if the blood be kept cool, being 
warmed to room temperature just before the readings are made. 

Red cell concentration. — Variations in the percentage of 
red cells to plasma have been found to exert a very great influence 
on the sedimentation rate and index. This factor has been reported 
by a few workers, but seems to have been ignored by many. It has 
been stated by Rourke and Plass that, "the sedimentation rate is 
roughly inversely proportional to the number of red cells, pro-
vided other factors are unchanged". Our findings on horse blood 
are in accordance with this report. 

Experiments were made on large samples of blood divided into 
six measured portions; the cell volume of each was adjusted by in-
creasing or decreasing the plasma so that the percentage of cells 
ranged from 25 to 50. These portions were carefully mixed and 
readings made. The sedimentation index of the low cell volume 
sample was double that of the 50% sample, with proportional index 
readings for the intermediate portions. The accompanying chart 
illustrates this fact. 



Distance settled in millimeters 
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In consequence of these results, it seems important that due 
consideration should he given the percentage of red cells in a 
blood sample when interpreting a sedimentation test. Unless the 
cell volume for each sample he corrected to a standard, or some 
equally reliable means of compensation is adopted, comparisons 
of results from one test to another are of doubtful value. 

It may be seen from the foregoing results that unless some 
of the causes of disparities which may occur in a test are fairly 
well understood comparisons of blood sedimentation of an animal 
from time to time may be misleading. 

The sedimentation results on a group of horses are given in 
table 14, which shows the indices from the normal or unchanged 
cell volumes and those with the cell volumes adjusted to 45% of 
the whole blood. 
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Although the difference between the means of the adjusted and 
the unadjusted samples is not great, due to some horses having a 
cell volume more than 45%, the variation from horse to horse is 
greater in the unchanged portions, as shown by the coefficients 
of variation. This deviation is more marked on the horses of 
group 2 (table 21), on which the coefficient of variation is 31. 7. 
This appears to be largely influenced by the still wider differences 
in cell volume. 

LEUCOCYTES 

For the total white cell counts the improved Neubauer hemacyto-
meter was used, as was done for erythrocyte determinations. The di-
luting fluid was 1% acetic acid. For differential leucocyte counts, 
smears were made on clean plain glass slides and stained by Wright's 
method; in a few cases Hasting's and Giemsa stains were used in 
addition. 

The total leucocyte count per cu. mm. for 137 horses averaged 
8, 964; the first group showed 9, 417, and the second 8, 462. The 
leucocyte range was much wider than that found on erythrocytes, 
as shown in tables 15, 22 and 23. 

Table 15 
Less than average More than average 

Percentage >50 40-50 30-40 20-30 ±20 '20-30 30-40 40-50 >50 
Horses 0 3 6 12 91 11 7 4 3 

Age. — Comparing the age groups, it is of doubtful importance 
that the second group, 7 to 10 years, was lowest in white cells, 
7, 884; the next higher was group three with 8, 407, and groups one 
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and four nearly equal, 8, 606 and 8, 706 respectively. 

Daily variations. — As in the erythrocytes, the percentage 
variations in leucocytes from day to day were greatest in the 
stable samples, averaging on the group studied, 11. 4%. Following a walk the mean percentage variation was 8. 4, and after a run 
8. 6. It may be seen from table 16 that the samples taken after 
walking exercise produced the smallest standard deviation and co-
efficient of variation. Again, it would appear that moderate ex-
ercise prior to obtaining blood samples is advisable. 

Table 16 
Leucocyte counts on different dates 

Stable samples Samples after walk Samples after run 

Effect of exertion. — Exercise has a less consistent effect on 
the number of white cells than on erythrocytes circulating in the 
blood stream, as shown in table 17, from a study of 32 horses. Of 
these, 24 yielded an increase in leucocytes following exercise, 
whereas a decrease after walking resulted in 8, and 5 of these still 
showed a decrease after the run when compared with the original 
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samples. The first increase averaged 9. 77%, the second 15. 34%. 
The mean decrease on the eight was 7. 11 and on the five, 7. 78%. 
It is of interest that this should occur when the same blood 
samples showed an increase in erythrocytes. 

Table 17 
Effect of exercise on the number of leucocytes 

Variation (percentage) 
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The differential leucocyte count. — Based on 132 horses the 
mean of the young or unsegmented neutrophiles was 8%. On the last 
group of 65 horses these young neutrophiles were classified as meta-
myelocytes and stab or staff forms. The metamyelocyte average was 
0. 18%, and for the staff forms it was 7. 3%. The mature or clearly 
segmented neutrophiles for the total number of horses was 61. 4%, 
group one having 58. 4% and group two 63. 9%. The lymphocytes averaged 
30. 4%, with a variation between the groups of 27. 4 to 33. 4. The 
variation in monocytes between the groups was 2. 1 to 2. 4. Eosinophiles 
and basophiles were very similar in the two groups, the averages being 
6. 2 and 0. 45% respectively. It may be noted that the most signifi-
cant variation between the two groups occurred in the neutrophiles 
and lymphocytes. When the age groups were compared the most im-
portant difference lay in the youngest horses having the highest 
proportion of lymphocytes and lowest neutrophiles. 

BILIRUBIN 

For these determinations the icterus index and Van den Bergh 
tests were used. The former was similar to the original method 
of Meulengracht, except that the standard for color comparison 
was 1: 1, 000 instead of the 1; 10, 000 dilution of potassium dichromate. The stronger solution is more comparable in color 
with that of horse plasma and obviates the necessity of diluting 
the plasma with saline or buffer solution — saline dilution in 
some cases produces a slight turbidity which interferes with the 
reading. The less dilute solution of dichromate accounts to some 
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extent for the much lower readings than are usually recorded for 
human serum. The colorimeter setting for the standard was 15 mm. 
The standard used for colorimetric comparison in the Van den Bergh 
reactions was 3. 92% cobalt sulphate in aqueous solution. This 
represents the color produced by a concentration of 5 mg. of 
bilirubin per liter, or one unit. 

From determinations on 129 horses the average icterus index 
reading was 1. 74, with a variation between the groups of 1. 70 to 
1. 78. The Van den Bergh reactions averaged 2. 11 units or 10. 55 mg. 
per liter of plasma, the difference between the groups being 2. 0 
to 2. 22 units. 

Table 18 — Bilirubin dispersion 
Less than average More than average 

Percentage >50 40-50 30-40 20-30 ±20 20-30 30-40 40-50 >50 
Horses (I. I. ) 1 7 9 9 76 7 7 4 9 

H (V. d. B. ) 1 11 14 14 59 9 3 4 14 

Age. — Interesting variations were shown in the age groups in 
which both the icterus index and Van den Bergh readings were high-
est in the young horses, and decreased with the increase in age of 
the horses. The Van den Bergh reactions were 2. 5, 2. 48, 1. 92 and 
1. 70 respectively. For details see table 30. 

VISCOSITY 

The viscosity of the plasma in comparison with that of dis-
tilled water was determined by means of the Ostwald viscosity tube. 
The fluids were kept at constant temperature by a water-bath main-
tained at 20°C. 
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The average result obtained, from the plasma of 58 horses was 
1 . 88. Forty of the 58 horses were within 10% deviation from the 
mean. The remainder were within a range of 20% from the mean. 

REFRACTION AND PROTEIN 

The plasma refraction determinations, from which the percent-
age of protein (7) was calculated, were obtained by use of the 
Zeiss dipping refractometer, with the fluids at a temperature of 
20° C. 

The average refractometer reading on the plasma of 53 horses 
was 56. 85. For the protein estimations it was 7. 2%, from which 
32 of the 53 horses were within ±10%. The other 21 horses deviated 
from 10 to 20% of the mean. 

Exercise. — It is evident that exercise produces both plasma 
and cellular changes. In table 19 are shown comparisons of cell 
volume, viscosity, refraction and protein. Although these augmen-
tations in the plasma are not comparable with those found in 
erythrocytes, they seem to be sufficient to be given consideration 
when close comparisons of readings on the plasma of a single horse 
are to be made at certain intervals. 
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SUMMARY AND CONCLUSIONS 

The results of a study of the blood of two groups of normal 
horses are presented separately and combined. By comparing the 
groups statistically the satisfactory agreement obtained indicates 
that although such work may be divided and done non-simultaneously 
the results may be comparable. 

Technical error in erythrocyte counting is probably greater 
than in some other determinations. In a series of duplicate red 
cell counts it was found that the average variation between counts 
was only 3.17$. Such discrepancies do not seem greatly significant 
when one considers the consistent, progressive and marked increases 
in red cells, hemoglobin and cell volume resulting from exercise. 

As it became evident early in the study that in order to obtain 
reproducible and comparable results the horses must be subjected to 
a uniform amount of exercise immediately preceding the taking of the 
blood samples from the jugular vein. As the counts obtained after 
moderate exercise, walking a short distance, showed less dispersion 
than after complete rest or more severe exercise, e. g., running, and 
as the variation was also less following exercise when samples from 
individual horses were compared from day to day, the counts made on 
samples taken after walking a short distance have been used for sub-
sequent comparison and for establishing a normal figure. Comparing 
the values obtained from samples taken when the horses were at rest 
in the stable with those following exercise, walking yielded an 
average increase of 13.6% and following a short run the increase was 
27.1%. 

From red cell determinations on 137 horses the average result 
obtained was 8,103,000 cells per cu. mm., with a standard deviation 
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SUMMARY AND CONCLUSIONS 

The results of a study of the blood of two groups of normal 
horses are presented separately and combined. By comparing the 
groups statistically the satisfactory agreement obtained indicates 
that although such work may be divided and done non-simultaneously 
the results may be comparable. 

Technical error in erythrocyte counting is probably greater 
than in some other determinations. In a series of duplicate red 
cell counts it was found that the average variation between counts 
was only 3. 17%. Such discrepancies do not seem greatly significant 
when one considers the consistent, progressive and marked increases 
in red cells, hemoglobin and cell volume resulting from exercise. 

As it became evident early in the study that in order to obtain 
reproducible and comparable results the horses must be subjected to 
a uniform amount of exercise immediately preceding the taking of the 
blood samples from the jugular vein. As the counts obtained after 
moderate exercise, walking a short distance, showed less dispersion 
than after complete rest or more severe exercise, e. g., running, and 
as the variation was also less following exercise when samples from 
individual horses were compared from day to day, the counts made on 
samples taken after walking a short distance have been used for subsequent comparison and for establishing a normal figure. Comparing 
the values obtained from samples taken when the horses were at rest 
in the stable with those following exercise, walking yielded an 
average increase of 13. 6% and following a short run the increase was 
27. 1%. 

From red cell determinations on 137 horses the average result 
obtained was 8, 103, 000 cells per cu. mm., with a standard deviation 
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of 1, 102, 000. By statistical analysis the variations from this mean 
were not significant to be termed abnormal. Although it must be 

realized that some horses are harbouring many blood-destroying, intestinal parasites when they are received at the farm, and in some 
cases the lower cell counts are associated with high eosinophile 
counts, the age factor also must be considered as an influence on 
the number of erythrocytes when from the averages on the different 
age groups we find a difference of 1. 3 million between the young 
adult horses and the oldest group. 

Hemoglobin and red cell volumes were found to be altered by 
exercise and age very similarly to the alteration in the number of 
circulating red cells, and in general, these varied directly with 
the red cell count. It might be mentioned, however, that if oxalate 
is used greatly in excess of that necessary to prevent coagulation, 
low cell volume reading may result, due to shrinkage of the cells. 

Changes in the number of leucocytes from either exercise or age 
were less consistent. Exercise has some effect on the plasma protein 
as indicated by the increased viscosity and refraction. Protein 
estimations on seven horses showed an average increase after walking 
of 4. 2%, and after running, 7. 9%. Differences in serum bilirubin in 
the various age groups appear to be quite significant. The young 
horses showed the highest readings, the values decreasing with increase in age of the horses. The average Van den Bergh reactions were 
2. 5, 2. 48, 1. 92 and 1. 70 respectively. 

In addition to the above mentioned determinations statistical 
analyses were made of the results on the mean cell volumes, color 
indices, fragility of red cells, sedimentation indices, total and 
differential leucocyte counts, serum bilirubin and protein. The 
averages and standard deviations may be more clearly understood 



- 29 -

by consulting table 29. 

From an examination of the blood of eleven horses for reticulocytes, using the brilliant cresyl blue stain, no clearly perceptible 
network could be found such as could be readily seen in rabbit, rat 
and human blood on which the same stain was used. 

Some experiments on the application of the sedimentation test 
to horse blood indicate the following: the importance of adjusting 
the cell volume to a definite percentage or standard; the necessity 
of very careful and uniform mixing of the blood prior to making a 
test; that tests should be made as soon as possible after the blood 
has been withdrawn; if a test must be delayed the rate and index are 
least affected if the blood be kept cool, warming it to room tem-
perature just before the test is to be made; that although there may 
be a difference between duplicate tubes of the same blood in the 
distance the cells settle in a given time, the sedimentation indices 
coincide, thus the necessity of calculating the index on each test. 



- 30 
BIBLIOGRAPHY 

X. Stitt, E. R., Practical Bacteriology. Blood work, Parasitology. 
P. Blakiston's Son and Co., Phil. 

2. Haden, R. L. Methods and clinical value of the determination 
of size of red blood cells. Am. Jour. Med. Sc., 181: 597, 1931. 

3 . Wintrobe, M. M., The volume and hemoglobin content of the red 
blood corpuscle. Am. Jour. Med. Sc., 177: 513, 1929. 

4. Boerner, Fred., and Flippin, H. F., A study of some of the 
factors influencing the sedimentation rate. Jour. Lab. ana Clin. 
Med., Vol. 20, 1934 - 35. 

5. Wirth, D., Grundlagen einer Klinischen Hamatologie der 
Haustiere. Urban & Schwarzenber, Berlin - Wien. 

6. Rourke, M. Dorothy, and Plass, E. D., An investigation of the 
various factors which affect the sedimentation rate of red 
blood cells. Jour. Clin. Invest., Vol. 7, 1929. 

7. Siebenmann, C., Refractometric Methods of Determining Total 
Protein. Biochem. Jour., Vol. XXXI, No. 2. 

8. Burnett, S. H., the clinical pathology of the blood of domestic 
animals. The MacMillan Co., New York. 

9. Cherry, Thomas H., Factors influencing the sedimentation rate 
of erythrocytes. Jour. Lab. and Clin. Med., Vol. 20, 1934-35 

10. Coburn and Kapp, Observations on the development of the high 
blood sedimentation rate in rheumatic carditis. Jour. Clin. 
Invest., Nov., 1936. 

11. Cookson, J. S., The erythrocyte sedimentation rate in scarlet 
fever and its complications. Br. Jour, of Children's Diseases, 
Oct. - Dec., 1936. 

12. Crocker, W. J., and Valentine, E. H., Hemography in diagnosis, 
prognosis and treatment, based on 6, 000 Schilling Hemograms. 
Jour. Lab. & Clin. Med., 20, 1934. 

13. Cummer, C. L., A manual of Clinical Laboratory Methods. Philad-
elphia, Lea & Febiger, 1931. 

14. Fahraeus R., The suspension stability of the blood. Physiol. 
Rev., 9: 1929. 

15. Huei-lan, Chung., A simple and accurate method for standardizing 
the cell volume percentage of any blood for sedimentation test. 
Jour. Lab. and Clin. Med., Vol. 20, 1934-35. 



- 31 -

16. Lucia, S. P., and Brown, J. W., Sedimentation of erythrocytes 
in solutions of Albumin, fibrinogen and peptone. Proc. Soc. 
Exper. Biol, and Med., Jan., 1937. 

17. Monaghan, Betty R., Wegner, Carl, and White, H. L. A 
comparison of the electrophoretic mobilities and sedimentation 
velocities of red cells from normal and pregnant human subjects. 
Jour. Clin. Investigation, May, 1936. 

18. Nicholson, Daniel, Laboratory Medicine, Phila., Lea and Febiger, 
1934. 

19. Struthers and Bacal. Rheumatic infection in childhood., 
observations on the sedimentation rate and the Schilling count. 
Can. Med. Jour., Sept., 1936. 

20. Walton, A. C. R., The corrected erythrocyte sedimentation test. 
Jour. Lab. and Clin. Med., 18: 711, 1933. 



S O M E EFFECTS 0F H Y P E R - I M M U N I Z A T I 0 N 
A N D B L E E D I N G 0 N H O R S E S 

The useful purpose that horses serve towards the passive immuniz-
ation of man against certain infectious diseases is well recognized. 
The object of this investigation was to obtain evidence as to the 
effects of injecting horses with the various types of antigens and 
of subsequent bleedings. 

TEMPERATURE 
The intensity of thermal reactions is quite dependent upon the 

material and the method by which it is injected. Unless unusually 
large doses have been given, temperatures ranging much above 102°F. 
are not common among the horses receiving subcutaneous injections 
such as the toxic or detoxified filtrates of the microorganisms pro-
ducing diphtheria, tetanus and scarlet fever, and similar products 
of staphylococci and B. Welchii. The Dochez type of injection in 
which the streptococcal culture is injected subcutaneously in semi-
solid agar, in some cases produces higher temperatures. Intravenous 
injections of killed cultures of pneumococcus, meningococcus and 
B. dysenteriae result in less febrile disturbance than is produced 
by the living organisms, the reaction from which is usually quite 
marked for a few hours after injection. 

The following charts show comparisons of fairly typical 
temperature elevations as they occur in horses on different 
products. 



CULTURE 



TYPICAL TEMPERATURE REACTIONS FOLLOWING INJECTIONS 
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GROUP REACTIONS 

During the early stages of immunization by intravenous injections of small doses of killed cultures, it is unusual that any 
signs of disorder occur, with the exception of the slight rises of 
temperature. Later, after the administration of larger doses of 
living culture, some discomfort and depression with labored breath-
ing and increased pulse rate for a period of one to two hours, have 
been occasionally shown, this condition notwithstanding desensitiz 
ation at the beginning of the injections. Excepting these brief 
disturbances, horses being hyper-immunized against pneumococci and 
meningococci tolerate the treatment remarkably well in most cases, 
with very little interruption of appetite and no noteworthy difference 
in body weight. 

The average existence of pneumococcus horses after the commence-
ment of injections has been slightly more than one and one-half years, 
the period in one case extending over five years. The duration of 
meningococcus horses on production averaged a little less than one 
and one-half years, one animal living about three and one-half years. 
A similar estimation on dysentery horses would be less accurate owing 
to the much smaller number of horses having been on that product, but 
it would appear that longevity is not probable. 

Somewhat different types of reaction are elicited by subcutaneous 
injections of bacterial filtrates whether toxic or detoxified, than 
are produced by intravenous injections of cultures. In the early 
stages it is not uncommon that, with the moderate increase of temp-
erature and local swelling, marked ventral oedema may persist for 
several days following the injections. In some cases further in-
tolerance is shown by swelling and stiffness of the legs which is 
often accompanied by increased pulse rate and partial anorexia. 
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Even after an appreciable amount of antitoxin response has developed, 
several horses receiving diphtheria and tetanus antigens have suffer-
ed from conditions such as bursitis and tendo-synovitis, with swelling of the affected parts, and the animal showing considerable 
aversion to the use of the leg. Recovery, insofar as pain and swell-
ing are concerned, frequently occurs, leaving only some thickening 
and distension, but in some cases recurrences have been seen. 

Differences in individual susceptibility are shown also by the 
extent of local reaction induced by subcutaneous injections even 
after a high antibody content of the serum is demonstrable. Some 
horses are unaffected except for slight temporary swelling, whereas 
in others, large swellings and abscess formations are not uncommon. 
In the event of injections of streptococcal cultures in agar being 
given, purulent swellings are, however, expected. 

Changes in body weight, although not great, are most obvious 
in the diphtheria and tetanus antitoxin horses. Decreases of 
approximately 100 lbs. over an average period of three months in 
the horses on diphtheria antitoxin production may be influenced 
by the greater rate at which doses are increased in order that a 
horse's serum may reach a satisfactory potency for production 
bleeding at about six weeks of injections if successful results 
are likely to be obtained. In tetanus horses the changes in weight 
appear to be more gradual. In some cases there has been a fall in 
weight for a few months which was regained, the weight then con-
tinuing at a moderately normal level; in others, some loss of flesh 
continues throughout the balance of the immunization period. 

The length of time tetanus horses remain on immunization 
averages approximately one year, exceptional cases have continued 
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for over two years, the periods not including the interval between 
primary stimulus with toxoid and the commencement of regular injections. These durations are dependent upon both the physical 
condition of the animal and the antitoxin content of the serum, so 
that in many cases horses are not exsanguinated because of failing 
health only. 

Scarlet fever antitoxin horses average about one and one-half 
years on routine injections. One horse, still living, has a record-
ed history covering more than ten years, although some evidence of 
deterioration is becoming obvious. Horses used for this purpose 
do not show, as a group, much definite change in body weight. In 
a few instances decreases have occurred. 

Staphylococcus horses have an average existence on injections 
of six to eight months, some lasting for twelve to fourteen months. 
Marked changes in weight have not been observed, but abscess form-
ation in the injected areas has been commonly seen, although only 
filtrates of the organisms were employed. 

A striking peculiarity has been apparent, in that some horses 
have shown fairly marked reactions thermally and locally, whereas 
others appear to have been only slightly affected and yet were 
satisfactory producers of antitoxin. 

BLOOD CHANGES 
Although the blood of all horses on immunization is examined 

at occasional intervals, on some of them frequent observations 
were made for the purpose of determining whether marked fluctuations 
are common and to what extent they occur as a result of successive 
injections and bleedings. The routine examination of the blood of 
the other horses, though less frequent, has provided additional 
material which has made the study more comprehensive. 
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Diphtheria horses. — Prom the results on four horses, tables 
1 — 4 , may be seen some of the effects of injections alone, and 
of injections and bleedings combined. Horses 584 and 601 were low 
in antitoxin and were not bled during the full term of injections, 
but each showed some decrease in hemoglobin and red cell volume. 
The gradual decrease in hemoglobin from 80 to 49% and in cell volume 
from 35 to 23% in 601 was only slightly more marked than in 584, in 
which the hemoglobin dropped from 80 to 60% and the cell volume 37 to 
27% during the early part of the period, as the doses were being in-
creased. Although a similar decrease occurred in 594 from injections 
alone, on the fortieth day from the beginning after a rest of 8 days, 
the cells and hemoglobin returned to approximately the original level, 
but were reduced again following bleeding. The effect of frequent 
bleedings of 8 liters each, in horse 580 which was high in anti-
toxin, represents that seen in other horses similarly treated. At 
the beginning of the first bleeding the hemoglobin was 83% and the cell 
volume 40%, and 16 hours later they were 63 and 31% respectively. A 
second 8-liter bleeding, one day later, caused little change, the 
readings being 62 and 29%. After more injections, successive bleed-
ings reduced the hemoglobin to 39% and the cell volume to 18%, which 
were the lowest levels observed in this horse, although several, 
similar quantities of blood were subsequently withdrawn. 

A moderate leucocytosis has been seen in most of the horses 
after the beginning of injections. In horses 584 and 601 increased 
numbers of white cells continued throughout the whole period of 
immunization. In each horse one count exceeded 30, 000 following 
toxin administration. Correspondingly, in horse 594 the leucocyte 
count gradually rose from 8, 400 to 36, 000 during the first six weeks 
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of injections. The reaction in horse 580 was a little less acute, 
the maximum number of white cells being 20, 200. In several cases 
of high leucocyte count, the increase has been associated with an 
augmentation in the proportion of neutrophiles. There appears to 
be, however, considerable variation with regard to leucocyte production, some animals reacting much more strongly than others even 
with similar treatment. 

Although some fluctuations have occurred in icterus index and 
Van den Bergh readings during the course of injections, the variations 
were not usually very definite or consistent, but following repeated 
bleedings some decrease in serum bilirubin has been frequently seen. 
The reason for this is shown later. 

As nearly all the diphtheria horses receive calcium chloride as 
an adjuvant to the toxoid and toxin, no definite conclusion can be 
drawn from the data at hand with regard to the effect on the blood 
of adding this substance to the doses injected. Of the four horses 
specifically mentioned, three received calcium routinely; the other 
horse, 584, was not sufficiently dissimilar in reaction, with the 
exception of low antitoxin response, to make it appear that those 
receiving calcium suffered adversely as a result of its use. 

With a few exceptions, blood changes in diphtheria horses are 
quite analogous to those in horses on other products. The frequency 
with which bleedings are made in diphtheria horses may account for 
the slightly greater decline in hemoglobin and red cell volume. It 
has not been uncommon to withdraw from diphtheria horses, 8 liters 
of blood on two successive days, while from the other horses only 
single bleedings have usually been made. 

Horses on other products. — The decrease in cells in tetanus 
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horses before the inception of bleedings is fairly well exemplified 
by horse 453, table 5. During a period of one month the cell volume 
showed a gradual decrease of approximately 20%. A still greater 
change resulted from the early bleedings, after which the cell volume 
was maintained at slightly more than one-half that during the first 
part of immunization. The leucocyte counts did not appear to differ 
greatly from those found in diphtheria horses, variations between 
animals being evident in this, as in other reactions. The bilirubin 
in the plasma of 453, as in other tetanus horses, was somewhat lower 
towards the end of the period after repeated bleedings. 

Scarlet fever horse 598, table 6, demonstrates the relatively 
small decrease in red cells following the subcutaneous injection 
of streptococcal toxin and Dochez cultures. These minor changes 
may be partly influenced by the greater intervals between injections 
in these horses in comparison with those on diphtheria antitoxin 
production. A closer similarity between the two groups is seen in 
the white cell counts. Although occasionally high counts are obtain-
ed, such as the 36, 000 in 598, the number of leucocytes resulting 
from toxin injections in most instances ranges from about 12, 000 
to 15, 000. After the injection of living cultures slightly higher 
numbers are sometimes found. 

In table 7, staphylococcus horse 651 does not indicate a decrease 
in red cells before bleeding, but on three other horses decreases of 
approximately 20% occurred from injections alone. The cell volumes 
after bleedings were closely in accordance with those already mention-
ed. The icterus index and Van den Bergh readings made after regular 
bleedings, are quite low. 
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It is not possible to draw conclusions from dysentery and 
perfringens horses other than those shown in the tables. Perfringens horse 641, table 8, showed a decrease in red cells of 
about 20% during the period of injections, which was partly re-
gained after more than a month's rest. The white cells remained 
relatively low and moderately constant, little change occurring 
from the toxin injections. The bilirubin showed definite increases 
on two occasions after injections, without much evidence of red cell 
destruction. 

The dysentery horse 539, table 9, was not studied during the 
early part of immunization, but when considered from the time follow-
ing a two month's rest, a decrease in red cell volume from 45 to 19% 
occurred without intervening bleedings. This was accompanied by the 
definite increase in bilirubin. The pathology of this horse is dealt 
with later in the paper. 

No definite changes in red cells seem to occur in horses receiv-
ing intravenous injections of meningococcus cultures. In horse 575, 
table 10, less decrease from bleedings is apparent than has been seen 
in horses on other products. It does not seem improbable that this 
smaller decrease is mainly affected by the bleedings alone, while in 
diphtheria and tetanus horses the change may be influenced by both 
injections and bleedings. The distinct contrast in the reaction of 
the white cells in horses receiving subcutaneous injections and those 
which have been given intravenous injections of meningococci seems 
worthy of attention. 

From observations on four horses, table 11, it would appear 
that immediately following an intravenous injection of a suspension 
of meningococci there occurs a definite decrease in the number of 



Table 30 continued 

Diphtheria horse 584 - received regular injections of toxoid and toxin. 
No CaCl2. Not bled during immunization. 

Days on 
product Time Hb. C. V. W. B. C. 

Neutrophiles 
Y. 0. Total L. M. B. I. I. V. d. B 

0 • . . • • • • 80 37 9, 120 26 34 60 34 1 5 1. 5 2. 0 
9 2 d. a. 100 cc. 75 34 17, 000 14 57 71 19 1 10 2 0. 95 1. 1 
10 1 d. a. 150 cc. 60 27 11, 420 16 54 70 17 0 13 0. 93 1. 0 
21 4 d. a. 300 cc. 60 27 10, 840 21 49 70 25 0 5 0. 9 1. 3 
31 2 d. a. 300 cc. 61 27 17, 400 4 69 73 22 1 4 2. 3 1. 3 
32 1 d. a. 360 cc. 63 28 17, 600 10 61 71 23 1 5 1. 7 1. 1 
36 5 d. a. 360 cc. 60 27 10, 200 19 46 65 28 1 6 1. 0 1. 0 
50 6 d. a. 415 cc. 59 27 16, 600 13 59 72 21 0 7 0. 6 1. 0 
51 7 d. a. 415 cc. 56 26 19, 000 11 62 73 20 2 5 0. 6 1. 0 
52 1 d. a. 435 cc. 54 25 34, 600 10 73 83 16 0 1 0. 8 1. 0 
57 4 d. a. 400 cc. 59 28 16, 200 6 70 76 16 2 6 0. 6 1. 0 
58 1 d. a. 600 cc. 64 30 22, 300 17 73 90 9 0 1 1. 5 1. 0 
65 8 d. a. 600 cc. 66 31 21, 200 12 54 66 20 3 11 0. 7 1. 2 

No toxin given before the 26th. day. 











Table 30 continued 

Tetanus horse 453 

Days on Neutrophiles 
product Time Hb. C. V. W. B. C. Y. 0. Total L. E I. I. V. d. B 

30 6 d. a. 100 cc. 104 49 12, 400 4. 0 54, 0 58. 0 40. 0 1. 0 1. 0 1. 8 2. 0 
31 1 d. a. 200 cc. 95 46 13, 840 3. 0 68. 5 71. 5 24. 0 3. 5 1. 0 2. 0 2. 1 
40 6 d. a. 250 cc. 90 43 8, 000 7. 0 49. 0 56. 0 36. 0 1. 0 7. 0 1. 9 3. 2 
41 1 d. a. 350 cc. 90 42 12, 400 6. 0 80. 0 86. 0 9. 0 2. 0 2. 0 2. 4 3. 4 
57 6 d. a. 450 cc. 87 40 9, 600 7. 0 56. 0 63. 0 30. 0 3. 0 4. 0 1. 1 2. 0 
58 1 d. a. 450 cc. 84 38 20, 600 5. 0 84. 5 89. 5 8. 0 1. 0 1. 0 0. 5 1. 8 3. 7 
87 5 d. a. 400 cc. 56 24 8, 600 12. 0 62. 0 74. 0 16. 0 9. 0 1. 0 
115 5 d. a. bleeding 53 24 15, 400 3. 5 64. 0 67. 5 28. 5 1. 0 2. 5 0. 5 1. 2 2. 0 
133 Before bleeding 59 28 14, 300 8. 0 55. 0 63. 0 31. 0 4. 0 2. 0 
134 1 d. a. " 43 21 12, 700 3. 0 79. 5 82. 5 12. 0 4. 0 1. 5 1. 5 2. 1 
169 1 d. a. 400 cc. 57 25 11, 600 28. 0 42. 0 70. 0 22. 0 2. 0 6. 0 0. 8 1. 4 
174 Before bleeding 58 27 13, 500 
175 1 d. a. " 52 23 13, 100 20. 0 56. 0 76. 0 16. 0 2. 0 6. 0 0. 8 1. 2 
202 5 d. a. 350 cc. 60 27 11, 300 14. 0 44. 0 58. 0 29. 0 3. 0 9. 0 1. 0 0. 8 1. 0 
222 1 d. a. 350 cc. 68 29 12, 850 19. 0 47. 0 66. 0 25. 0 4. 0 5. 0 0. 6 0. 9 

First bleeding on 68th. day 







Table 8 

Perfringens horse 641 

Days on 
oduct Time Hb. C. V. W. B. C. 
0 • • • • • • • • • • • 102 46 6, 700 

121 6 d. a. 500 00. toxin 92 40 5, 400 
145 2 d. a. 1000 cc. » 91 38 7, 266 
149 6 d. a. tt N 89 38 
159 2 d. a. 500 cc. 14 84 37 
187 2 d. a. 500 cc. II 78 36 9, 800 
195 1 d. a. 500 cc. tt 90 41 11, 400 
208 3 d. a. 500 cc. tt 81 36 6, 466 
209 4 d. a. 500 cc. tt 80 35 6, 266 
214 9 d. a. 500 cc. It 85 38 10, 300 
243 39 d. a. 500 cc. tt 88 40 7, 600 
299 1 d. a. 400 cc. It 72 31 9, 432 

Icterus 
index V. d. B. Viscosity 
2. 20 2. 50 1. 64 
1. 90 3. 30 1. 96 
3. 30 5. 00 
2. 24 2. 84 2. 04 
1. 92 2. 63 
1. 34 1. 80 2. 15 
1. 44 1. 94 2. 00 
2. 60 3. 42 
3. 10 4. 10 2. 40 
1. 60 2. 20 
1. 72 2. 23 
1. 95 2. 55 2. 12 

Bled on 272nd. and 295th. day. 
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circulating leucocytes. This decrease, as indicated by the differ-
ential counts, is due to a lessened number of neutrophiles. In 
three of the horses, the total count was increased in samples 
taken three to four hours after the injection; in two horses this 
return of cells could be correlated with an increased number of 
young neutrophiles. 

Table 11 
Neutrophiles 

Further investigation would be necessary to determine if the 
temporary leucopenia could be due to mass attacks on the microorganisms by the leucocytes, resulting in such formations being 
briefly lodged in the small vessels and causing the discomfort and 
dyspnoea which sometimes follows this type of injection. 
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ANTIGENS AND BLOOD CELLS IN VITRO 
After it had been noted that a decrease in erythrocytes and 

hemoglobin occurred in the blood of some horses undergoing immunization, but had not been bled, the following tests were made to 
determine the effect of the various antigens on red cells outside 
of the animal body. 

The fragility of the cells from each horse was determined for 
the purpose of controls. The table below represents the average 
resistance of the cells of a normal horse against hypotonic C. P. 
sodium chloride solutions, in which complete hemolysis is, by 
interpolation, at approximately 0. 375% and slight hemolysis at 
0. 5% sodium chloride. 

CH - complete; NCH nearly complete; PH • partial; SH slight 
hemolysis; NH no hemolysis. 

Tetanus toxin 
Normal horse 729 
(l) Fragility with saline: CH 0. 4%; SH 0. 525% 

(3) As in (2) except using heated toxin (65 C. for 10 minutes) 
Result: no hemolysis, the tetanolysin having been 

destroyed. 
Tetanus horse 646 (antitoxin content of the serum is approximately 

650 units). 
(1) Fragility with saline: CH 0. 375$; SH 0. 525$. 
(2) Tet. toxin 1. 9 1. 7 1. 5 1. 3 1. 1 0. 9 0. 7 0. 5 0. 3 0. 1 0. 0 

1$ saline 0. 0 0. 2 0. 4 0. 6 0. 8 1. 0 1. 2 1. 4 1. 6 1. 8 1. 9 
Whole blood 0. 1 0. 1 0. 1 0. 1 0. 1 0. 1 0. 1 0. 1 0. 1 0. 1 0. 1 
(50$ cells) No hemolysis 
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Tetanus horse 646 continued 
(3) Tet. toxin 1. 9 1. 7 1. 5 1. 3 1. 1 0. 9 0. 7 0. 5 0. 3 0. 1 0. 

1. % saline 0. 0 0. 2 0. 4 0. 6 0. 8 1. 0 1. 2 1. 4 1. 6 1. 8 1. 
Washed cells 0. 05 0. 05 0. 05 0. 05 0. 05 0. 05 0. 05 0. 05 0. 05 0. 05 0. 

Complete hemolysis NCH ITCH NH 

Tetanus toxoid 
Mo hemolysis occurred when the cells from three normal horses 

(661, 662, 714) were added to undiluted tetanus toxoid. 

Diphtheria toxin 
When 0. 1 cc. blood from each of the following eleven horses 

was added to toxin No. 1349A, slight or partial hemolysis occurred 
in nine and no hemolysis in two. 
Slight hemolysis — 633, 635, 661, 662, 663, 664, 665, 666, 667. 
No hemolysis — 660, 670. 

Later the cells from three of these horses (663, 666, 667) and 
nine other normal horses were added to each of toxins 1417A and 1581A 
with no hemolysis resulting. 

Diphtheria toxoid 
The cells from four normal horses (633, 634, 635, 670) were 

not hemolysed when added to undiluted diphtheria toxoid. 
It would appear that this toxoid is relatively non-hemolytic, 

as shown by the following table. The extent of hemolysis with toxoid 
and water is no greater than with similar amounts of 1% saline and 
water, (that is, it is necessary to add water to the toxoid to produce hemolysis). 
Normal horse 731 
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Perfringens toxin 
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Staphylococcus toxoid 
No hemolysis was produced when the cells of two normal horses 

(714, 729) were added to undiluted staphylococcus toxoid. 

Scarlet fever toxin 
Similarly, the cells of two normal horses (661, 662) were not 

hemolysed by undiluted scarlet fever toxin. 

In conclusion, the lytic action of tetanus toxin on the blood 
of normal horses is very marked. Despite the protection of 0. 9% 
saline, complete hemolysis occurred from only 0. 1 cc. toxin in 2 cc. 
Heated toxin (65 C. for 10 minutes) produced no ill effect. A strik-
ing difference is noted between the action of tetanus toxin on whole 
blood from normal horses, and that from hyper-immunized horses. In 
the latter no hemolysis occurred when the blood was combined with 
undiluted toxin. The cells, without plasma, from the immunized 
horses appear to have no definite resistance against the toxin. 

The hemolytic effect of diphtheria toxin appears to be irregular. 
One toxin produced slight hemolysis, whereas no change in the cells 
resulted from the combination with two other toxins. 

Perfringens toxin seems to exert a mild hemolytic action on the 
blood of normal horses. Although the cells alone are not protected, 
the plasma of an immunized horse appears to contain some antihemolytic properties. 

Despite the fact that the plasma from the horse immunized against 
staphylococcus toxin had a high antitoxin content, some of the cells 
in combination with the plasma were hemolysed only slightly less than 
those from a normal horse. 

Conversely, no hemolysis was produced on the blood of normal 



horses by tetanus toxoid, diphtheria toxoid, staphylococcus toxoid 
or scarlet f'ever toxin. 

Although the action of these foreign substances on the red cells 
may not be the same within as outside of the animal body, it does not 
seem improbable that the decreases in cells from injections of some of 
the toxins are due to gradual destruction• However, the possibility 
of toxic action on the bone marrow would also need to be investigated. 

DECREASE OF BILIRUBIN FOLLOWING BLEEDING -- A DILUTION PHENOMENON 

The gradual diminution of bilirubin in the blood of some horses 
which had been bled frequently, are concordant with other changes in 
the plasma. 

The following examples of the lowered cell volume, plasma vis-
cosity and refraction, occurring simultaneously with the decreases in 
the icterus indices and Van den Bergh reactions, seem to indicate that 
the changes in bilirubin after bleeding are due to blood dilutions. 

Table 12 
Horse Blood sample I. I. V. d.B. C. V. Visc. Refract. 
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CHANGES IN VISCOSITY, REFRACTION AND PROTEIN DUE TO INJECTIONS 

The varying types of antigens and the routes by which they are 
injected appear to promote dissimilar responses in plasma solids. The 
rate at which these reactions take place seems to depend somewhat on 
the volume of the injections and the frequency with which they a re given 
The amount of antigen received by horses for the production of diph-
theria antitoxin, and the rate of increasing the doses are much in 

Table 13 



excess of that in horses on other products, particularly when com-
pared with the small volume of killed or living culture injected 
intravenously into horses used for the production of anti-meningo 
coccus serum or pneumonia antitoxin. Prom the examples shown in 
table 13, it may be seen that definite increases in viscosity, re-
fraction and protein have occurred in the plasma of the first six 
horses which received moderately large subcutaneous injections, where-
as no significant change was found in the horses receiving intravenous 
injections. 

THE EFFECT OF BLEEDING ON RED CELL SEDIMENTATION 

Alteration of the percentage of erythrocytes in blood has a 
very pronounced influence on the rate of sedimentation. In part I 
it was shown that the rate increased with each decrease in cells 
within the same plasma. Within a few hours after bleeding a horse 
to the amount of 8 liters, a somewhat lessened viscosity of the 
plasma and a decrease in red cells may be found in most cases, due to 
subsequent dilution. When the cells in samples taken after bleeding-
were readjusted to the same volume as in the samples before bleeding, 
it was found that moderate changes in viscosity of the plasma from 
hyper-immunized horses did not materially affect the sedimentation 
rate. 

In the following table are four examples in which the cell 
volumes of the second samples were made equal to those of the first, 
and although the viscosity readings of the second samples were lower, 
the sedimentation indices for each horse were approximately the 
same. One example is also shown in which the cells of the second 
sample were not adjusted, the viscosity was lower and the index was 



- 17 -

increased. In this case the difference appears to be due to the 
lower cell volume. 

Table 14 
Sedimentation before and after bleeding 

Cell Sed. 

RED CELL SEDIMENTATION DURING IMMUNIZATION 
It has been shown that repeated, subcutaneous injections of 

bacterial filtrates tend to increase the viscosity of the plasma and 
that bleedings alone decrease the viscosity. In the following table 
a contrast is seen between the viscosity readings of horse 709, as 
an example, in which the injections were not intercepted by bleeding 
and those of 706, a horse which was bled frequently during the latter 
part of immunization. In 709 the viscosity showed a gradual increase 
of over 90%, while in 706 fluctuations occurred, first increasing 48% 
then decreasing to about 5% above the original after frequent bleedings. 

The preceding tests indicated that, if the cell volumes are made 
to correspond, the sedimentation rate is not much altered by single 
bleedings when the changes in viscosity are not great (approximately 
6 or 8%). 
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In tests made on the six horses below at intervals throughout 

immunization, the trend of the sedimentation rate was towards a 
decrease. It may he more readily seen from the charts that although 
deviations have occurred, which may be due to other factors not easily 
explained, the sedimentation index for the most part is inversely 
proportional to the viscosity. 

Table 15 



SEDIMENTATION AND VISCOSITY DURING IMMUNIZATION 



SEDIMENTATION AND VISCOSITY DURING IMMUNIZATION 
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With the percentage of red cells kept uniform in all tests, no 
correlation could he found between the sedimentation rate and other 
results. Some relationship was seen, however, between the sedimentation index, and injections, which, as mentioned, seem to be re-
sponsible for the increases in viscosity and protein. 

BLOOD PRESSURE 

The regular type of human sphygmomanometer, with the cuff 
applied around the tail close to the body, was used for the deter-
minations of systolic and diastolic pressure. From observations on 
20 normal horses it appears that the systolic pressure, by this 
method with the horses at rest, is approximately 105 to 120 milli-
meters, and the diastolic pressure is about 60 to 70. 

Occasional observations on 117 horses during the course of 
immunization indicated that marked changes in blood pressure are not 
particularly common in horses under these conditions. Temporary 
fluctuations of 10 to 20 mm. were found in a few animals which a 
few hours previously had received large subcutaneous injections of 
toxin resulting in moderately acute, local reactions. In a small 
number of cases, hypertension was associated with conditions which 
showed more evidence of being pathological. Some examples are given 
below. 

Horse 434. — During the latter part of immunization, this 
animal showed an increased pressure ranging from 145/80 to 155/90 
over a period of, at least, two weeks. On autopsy, thrombosis of 
the liver and iliac artery, and evidence of kidney damage were 
found (see case report given later in the paper). 

Horse 659: Maximum pressure, 160/80. Synovitis of the right 
tarsal joint and acute swelling of the right fore leg following 
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injections of tetanus toxin with the addition of 0. 5% alum, seemed 
to be mainly responsible for this increase. 

Horse 668: Maximum pressure, 170/98. The probable cause 
was nephritis (see case report). 

Horse 593: Maximum pressure, 160/100. This horse is living 
and is regularly injected with scarlet fever toxin. A marked stiff-
ness in gait has been shown for several months, the true cause of 
which is not clear at this stage. 

Horse 712: Maximum pressure 190/95. After receiving injections 
of diphtheria, toxoid and toxin over a period of about one month, 
marked stiffness and oedema of the fore legs developed. On autopsy, 
thrombosis of the mesenteric arteries and the vessels of the left 
kidney with infarction was found. 

Horse 63: Only a moderate tension increased to approximately 
140/80 over a period of about two weeks has been shown, but the 
change seems to be resulting from kidney damage. The horse is liv-
ing, but heavy deposits of albumin and granular casts have been 
found in the urine on several occasions. 

Changes due to bleeding 
Choosing horses of tractable nature so that excitement during 

bleeding would not occur, readings were made before bleeding and 
again about 30 minutes after bleeding, allowing time for relaxation 
after the short walk from the operating building. The amount of 
blood withdrawn in each case was 8 liters. 

The results on the seven horses in table 16 show an average 
decrease of approximately 13 mm. in systolic, and 11 mm. in 
diastolic pressure. 
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PATHOLOGY 

On the routine post mortem examinations of horses, that have 
been given large and repeated doses of substances intended to 
stimulate antitoxin production, a very striking feature is the 
relatively frequent occurrence of thrombosis. 

In diphtheria antitoxin horses, which are usually under treat-
ment for only short periods, and, as a group, are older than those 
on most of the other products, small thrombi associated with 
sclerostomes in the mesenteric arteries are commonly found. Occasion-
ally more extensive thrombosis has developed, but in many cases 
aneurisms with necrosis of the vessel wall to which the worms are 
attached, are the only lesions of this nature to be seen. 

In tetanus, and more so in scarlet fever horses, which have been 
given injections over a period of several months, larger thrombi in 
the mesenteric vessels and in other locations, with occasional in-
farctions, have been observed. In pneumococcus and meningococcus 
horses, which receive injections intravenously, large well-organized 
thrombi have been frequently found in locations such as the colic, 
hepatic and splenic vessels. One thrombus in the hepatic vein of a 
meningococcus horse measured approximately 6 inches by Tf inches. 
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It does not seem improbable that in this latter group of horses 
these pathological changes may be partly influenced by the foreign 
material added to the blood at such frequent intervals. 

When it is realized what volumes of toxic substances are in-
jected into horses on immunization over a period of many months 
and even years, it is not amazing that certain organic changes 
should occur. Many of the horses autopsied have shown no evidence 
of advanced pathological lesions. In others, however, changes are 
very pronounced. 

The following cases are recorded to give some indication of 
the conditions that occur. 
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- 23 -

History-

Regular immunization and bleedings for production of scarlet 
fever antitoxin were extended over years. Near the end of this 
period urinalysis revealed albumin, granular casts and epithelial 
cells; systolic pressure was increased to 145. The horse was bled 
out. 

Autopsy 

Anterior portion of right lung puckered, on section scar tissue 
is seen. 

Heart and spleen not remarkable in appearance or weight. 
Kidneys much enlarged, right weighing 4 1/4 lbs., left 3 3/4 lbs., 

capsule of each quite adherent; on section the cortex is pale and 
yellowish, showing small clear areas resembling hyaline. 

Liver weighs 19 1/2 lbs., a few areas somewhat soft. 

Histopathology 

Kidney: Very general metamorpnosis of many glomeruli, the whole 
glomerular structure in many cases being changed into an amorphous 
material suggesting amyloid; fibrous tissue change seen in some 
glomeruli and in Bowman's capsule; some arteriosclerotic changes 
in vessel walls. The epithelium of many tubules shows well marked 
degeneration. 

Liver: Many of the cells are poorly stained and have lost their 
nuclei. In some areas, especially around the central veins, amorphous 
material resembling amyloid has replaced the cytoplasm. 
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HORSE 332 

History 

Used for the production of scarlet fever antitoxin for 4 1/2 years. 
During the latter part of the production period albumin and granular 
casts were found in the urine, and an increase of bilirubin in the 
serum. About two weeks before this horse was bled out he developed 
an acute lameness and swelling around the stifle joint, which was 
not traceable to trauma. 

Autopsy 

Portions of the liver were quite soft and grayish yellow in 
color. The hepatic vein contained a well organized thrombus about 
six inches long and one inch in diameter, other thrombi of similar 
nature were found in the smaller vessels. 

The heart was not visibly affected, but the anterior mesenteric 
vein contained a thrombus three inches long and one inch thick. 

The kidneys did not show any definite gross change. 
Some swelling around the femoro-tibial joint with a small amount 

of pus at the posterior part of the articulation. 

Histopathology 

Liver: Some cloudy swelling and degeneration of the hepatic 
cells; cellular infiltration and blood pigment are seen around a 
few central veins. 

Kidney: Epithelial degeneration, especially of convoluted 
tubules. In some cases fibrous tissue change in Bowman's capsule; 
thickening of some of the vessel walls. 
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History 

Routine immunization and bleedings for production of tetanus 
antitoxin were carried on for nearly two years. During the latter 
part of this period albumin and granular casts were found in the 
urine, A fairly rapid escape of antitoxin from the kidneys was 
evidenced by a test which showed the urine to contain 12 units per cc. 
The potency of the serum at this time was 500 units per cc. 

Autopsy 

Liver enlarged and somewhat soft; weight 24 lbs. 
Kidneys also enlarged, weight of left 3 lbs., right lbs. 

On section the glomeruli are quite conspicuous. 
Spleen enlarged, weight 8 lbs., the cut surface is light red 

somewhat resembling muscle. 

Histopathology 

Liver: periportal cirrhosis; infiltration of round cells and 
eosinophiles. 

Kidney: Some congestion of the glomeruli; fibrosis in a few 
Bowman's capsules; a well marked epithelial degeneration with some 
desquamation in several collecting tubules. 

Spleen: Major portion of parenchyma disappeared, the metamor-
phosis being due to an amorphous material which may be amyloid; 
increase of endothelial cells. 
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History 

The immunization period extended over more than two years, dur-
ing which time he was routinely injected and bled for the production 
of scarlet fever antitoxin. Six days after the last subcutaneous 
injection, sudden illness occurred, in which extreme dyspnoea, rapid 
heart action, and marked pallor of the visible mucous membranes 
were prominent signs, suggesting internal hemorrhage. Blood exam-
ination at this time showed the hemoglobin to be 18% and red cell 
volume 10. 5, a decrease from 50% hemoglobin and 24% cells one month 
earlier. Improvement followed blood transfusions, but death occurred 
suddenly a few days later. 

Autopsy 

This examination is six hours after death. On opening the 
abdominal cavity, large clots of blood, which had resulted from 
a rupture of the liver, are seen. The organ weighs 51 lbs., due 
largely to blood throughout its substance and underneath the capsule. 
Two thrombi are found in the hepatic vein. 

Spleen: enlarged and somewhat soft; its weight is lbs. 
Kidneys: enlarged and less firm than normal. The capsules 

are quite adherent over some portions. Weight of left is 4 lbs., 
right is 4 1/2 lbs. 

Pancreas: almost beyond recognition; the capsule is very 
dense and tough; the whole gland is very firm except for a few 
encapsulated darker masses varying from the size of a pea to a 
walnut, which are quite soft when sectioned. 

Heart: muscle pale on section. 



HORSE 431 - 26 -
History 

The immunization period extended over more than two years, dur-
ing which time he was routinely injected and bled for the production 
of scarlet fever antitoxin. Six days after the last subcutaneous 
injection, sudden illness occurred, in which extreme dyspnoea, rapid 
heart action, and marked pallor of the visible mucous membranes 
were prominent signs, suggesting internal hemorrhage. Blood exam-
ination at this time showed the hemoglobin to be 18% and red cell 
volume 10. 5, a decrease from 50% hemoglobin and 24% cells one month 
earlier. Improvement followed blood transfusions, but death occurred 
suddenly a few days later. 

Autopsy 

This examination is six hours after death. On opening the 
abdominal cavity, large clots of blood, which had resulted from 
a rupture of the liver, are seen. The organ weighs 51 lbs., due 
largely to blood throughout its substance and underneath the capsule. 
Two thrombi are found in the hepatic vein. 

Spleen: enlarged and somewhat soft; its weight is 7 3/4 lbs. 
Kidneys: enlarged and less firm than normal. The capsules 

are quite adherent over some portions, Weight of left is 4 lbs., 
right is 4 1/2 lbs. 

Pancreas: almost beyond recognition; the capsule is very 
dense and tough; the whole gland is very firm except for a few 
encapsulated darker masses varying from the size of a pea to a 
walnut, which are quite soft when sectioned. 

Heart: muscle pale on section. 
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HORSE 434 

History 
Immunized and bled for the production of scarlet fever antitoxin 

over a period of 22 months. Examination near the end of the pro-
duction period revealed albuminuria and hypertension, systolic 
pressure being 155, and diastolic 90. Sudden collapse while running 
in from the paddock terminated his usefulness. Was incompletely 
bled out. 

Autopsy 
Heart shows purple spots under the endocardium of right 

ventricle. Large canalized thrombus in the anterior mesenteric 
artery; left iliac artery also contains a thrombus. 

Liver is enlarged (23 1/2 lbs. ); on section an irregular margin 
separates the dark colored periphery from the more normal colored 
tissue, the dark portion seems to be in irregular zones coalescing 
toward the surface. Old thrombi about the size of a lead pencil 
are lodged in the vessels. 

Spleen weighs 10 lbs., on section light in color. 
Kidneys not enlarged, but pale on section. Renal lymph glands 

are congested. 
Histopathology 

Liver shows areas of homogeneous material resembling fibrin, 
around which are numerous red cells, giving the appearance of recent 
hemorrhage. Some vessels contain small laminated clots. There is fair-
ly general round cell infiltration; blood pigment is seen in some cells. 

Kidney shows cloudy swelling of many proximal tubules, a few of 
these show a more marked degeneration of the epithelium; granular 
deposits are seen in some of the collecting tubules; some increase 
in thickness of the tunica intima of some vessels. 

Spleen shows several isolated areas of degeneration, and early 
formation of fibrous tissue. 
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History 

This mare was pregnant when purchased. She was given small 
doses of diphtheria and tetanus toxoids as primary stimuli. About 
six months later she successfully delivered her foal, following 
which she was again twice pregnant, and was kept for the pro-
duction of oestrin. When the third foal had been weaned the mare 
was given fairly regular injections of tetanus toxoid, which was 
later replaced by toxin. To some of these doses 0. 5% alum was 
added, and to others a similar amount of powdered tapioca. 

The injections were uninterrupted for nearly five months, at 
which time she became markedly jaundiced; this was accompanied by some 
rise in temperature and increased pulse rate. The condition became 
somewhat aggravated during the following two or three days. After 
this time the pulse rate remained consistently high, ranging from 
80 to 86 per minute, but respirations were extremely slow, averaging 
six or seven per minute. Blood pressure was moderately low, being 
approximately 95 systolic and 60 diastolic. During the first few 
days the urine contained blood cells and hemoglobin, a very deep 
blue being produced by the benzidine test. Later the blood dis-
appeared from the urine, but heavy albumin and granular casts were 
still found in addition to large amounts of urobilin. The blood 
findings are given in the following table from which may be seen 
the rapidity of red cell destruction with the very marked increase 
of bilirubin, and the leucocytosis. As the antitoxin content of 
the serum before the illness was relatively low, the horse was 
destroyed by being bled out. 



The sedimentation rate at the beginning of the illness (147 days on product) was extremely slow — 
in one hour the cells had settled only 1 mm. On the morning before the horse was bled out, the 
rate had not shown any appreciable change. 
Reticulated red cells were not found. 
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Autopsy 

Examination immediately after death: The animal shows marked 
emaciation; the visible mucous membranes are very icteric. 

Spleen: Moderately firm; color not unusual; weight 3 1/4 lbs. 
Liver: Weight 19 lbs., surface smooth, most of the outer 

surface is yellowish brown with a few diffused red areas; the cut 
surface is yellowish, showing a yellow mottling against a brown 
background. Well organized thrombi are found in nearly all the 
interlobular veins throughout the organ. 

Kidneys: The weight of each is 2 1/2 lbs. The capsules are 
easily separated; beneath the capsule some areas are dark brown, others 
are yellowish brown. The cut surface of the cortex appears to be 
bile stained; very few glomeruli are visible. The cortex-medulla 
contrast is not well marked. 

Heart and vessels: Weight of heart is 8 lbs., muscle pale on 
section; valves and aorta are stained yellow. An old thrombus about 
one inch in length and one-half inch in thickness is found in the 
anterior mesenteric artery. In addition to the extensive thrombosis 
of the liver, this appeared to be the only vessel affected. 

Histopathology 

Liver: very marked fatty degeneration and necrosis, especially 
around the central veins. Some blood pigment is scattered through-
out the section. 

Heart: The section shows various stages of degeneration. In 
some areas the muscle fibers appear to be almost completely broken 
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down, leaving only the endomysium with infiltration of round cells 
and the development of some fibroblasts; cloudy swelling is seen 
in several portions; some fatty degeneration in a few areas. 

Spleen: Much blood pigment is fairly generally distributed 
throughout the section. 

Kidney: Cloudy swelling of many convoluted tubules, some 
of which contain homogeneous material resembling hyaline. A 
few of Bowman's capsules show fibrous thickening. Some of the 
glomeruli are swollen, nearly filling the space within the capsule. 
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History 

Regular immunization and bleedings for the production of tetanus 
antitoxin, extending over a period of seven months. During the last 
few weeks arhythmia of the heart, albumin and granular casts in the 
urine were found on several occasions. Bled out and perfused. 

Autopsy 

Liver slightly enlarged, not definitely changed in color or 
consistency. 

Kidneys do not show much gross change. 
Several grayish white areas varying from to 1/4 to 3/4 of an inch 

square are seen on the surface of the heart; on section these are 
found to extend into the myocardium 1/4 to 1/2 an inch, and are quite 
fibrous. Anterior mesenteric artery contains a small canalized 
thrombus. 

Histopathology 

Kidney: degeneration of tubular epithelium; round cell infiltration in many cases surrounding Bowman's capsule. 

Heart: some areas of myocardial degeneration with fibrous 
tissue replacement. 

Liver: increase in interstitial tissue in a few areas; some 
degeneration of liver cells; a few portions showing fatty degeneration. 
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History 

The immunization period of this animal extended over a period 
of about one year and nine months, during which time she received 
intravenous injections of dysentery vaccine (Sonne). A moderate 
temporary rise in serum bilirubin was shown about four months before 
the end of immunization. During the last week, a marked increase 
in bilirubin and a definite decrease in red cells became evident. 
The horse was bled out. 

Autopsy 

Liver enlarged, 2l 1/2 lbs., surface somewhat uneven, this being 
quite marked on palpation; the cut surface is very mottled; some 
increase in interstitial tissue. 

Spleen also enlarged, 12 1/2 lbs., surface shows many small 
elevations; cut surface dark red; consistency quite firm. 

Kidneys fairly large, but otherwise do not appear abnormal. 
Heart not unusual except the jaundiced appearance of the 

valves. This discoloration is also very evident on the lining of 
the larger blood vessels, particularly the common aorta and vena 
cava. 

Histopathology 

Liver: The cells around the central vein have lost their 
design; the liver cords show more than usual separation, and the 
sinusoids are congested; the central veins are distended. The 
section indicates passive congestion. Some fibrous thickening of 
the interlobular connective tissue with round cell infiltration 
is also seen. 

Spleen: The section shows marked congestion. 
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History 

After approximately four months of regular immunization for 
the production of scarlet fever antitoxin, and four days after 
subcutaneous injection of Dochez culture, swelling and acute lame-
ness developed in the right tarsal joint. Hemolytic streptococcus 
(Dochez strain) was recovered from a small quantity of aspirated 
synovia. A few weeks later the inflammatory reaction had greatly 
subsided and injections were resumed. Urine examination revealed 
albumin and blood cells. Despite the joint infection and the sub-
sequent injections, a satisfactory antitoxin level was not attained. 
The horse was bled out to obtain serum for media use. 

Autopsy 

Ho definite gross abnormalities were seen except in the kidneys, 
the capsules of which were quite adherent; the cut surface of the 
cortex was pale. 

Histopathology 

Kidney: marked cloudy swelling and degeneration of epithelium; 
many tubules contain amorphous material suggesting hyaline. Some 
fibrous tissue change is seen around many Bowman's capsules, in 
some cases the glomerulus occupies the whole space within the 
capsule. 

Liver: around the central vein a little cloudy swelling and 
a small amount of fat. 

Spleen: shows heavy deposits of hemosiderin. 
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HORSE 601 

History 

For about one and. one-half months this animal was given 
regular injections of diphtheria toxoid and toxin, to which was 
added 0. 5% calcium chloride. Intolerance towards the injections 
was shown by stiffness and swelling of the legs, marked ventral 
oedema, high pulse rate, some increase in arterial pressure (140/80), 
and polymorphonuclear leucocytosis, the white cell count reaching 
31, 000. The antitoxin content of the serum remained low. The 
horse was bled out. 

Autopsy 

Liver: not unusual in size, but somewhat fibrous on section, 
and showing a light and dark mottling. 

Spleen: slightly enlarged. 
Kidneys: moderately large, capsule quite adherent; cut sur-

face somewhat gray. 

Histopathology 

Kidney: marked oedema of the epithelium of some of the 
proximal tubules; the glomeruli are very congested; a few areas 
throughout the medulla show fibrosis; sclerotic changes in the 
walls of some arterioles. 

Liver: fibrous changes in the interlobular connective tissue 
are very prominent; some degeneration of liver cells. 
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HORSE 617 

History 

Immunized, for production of diphtheria antitoxin. During 
immunization, urine examinations at intervals covering a period 
of over two months showed albumin, granular and hyaline casts 
with some epithelial cells. Serum bilirubin was slightly above 
normal. 

Autopsy 

Liver: smaller than normal, weight 1 1/2 lbs., firm and some-
what resistant to cutting (fibrous). 

Spleen: not enlarged, or unusual in appearance. 
Kidneys: capsule quite adherent; on section there is a 

marked contrast between the cortex and medulla, the cortex being 
a yellowish gray color with small lighter areas scattered through-
out its structure. The medullary rays can not be readily seen. 

Heart: The cut surface is slightly gray. 

Histopathology 

Kidney: cloudy swelling and degeneration of the tubular 
epithelium; in some cases fibrous tissue thickening of Bowman's 
capsule; some increase in connective tissue between the tubules 
in a few areas; sclerotic changes in some arterioles. 

Heart: some myocardial degeneration with pyknotic nuclei. 
Liver: Fibrous tissue change in interlobular connective 

tissue; round cell infiltration; fatty deposits around a few 
central veins just underneath the capsule; throughout most of 
the section the liver cords are distorted, some of the cells 
showing cloudy swelling. 
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History 

Given regular intravenous injections of cultures for a period 
of about four months for the production of anti-pneumococcus serum. 
During the latter part of the immunization period the following 
signs of physical change were noticed, swelling of legs, some l o s s 

of flesh, inertia, heart weakness, and later weakening of the flexor 
tendons, allowing the fetlocks to drop. Blood examination revealed 
leucocytosis and increase in serum bilirubin. Due to low potency 
this horse was bled out for serum for bacteriological use. 

Autopsy 

Liver: somewhat enlarged; some increased resistance to the 
knife on cutting; color, greenish gray. 

Spleen: not unusual. 
Heart muscle slightly pale. 
Small area of congestion about two inches in diameter, in the 

right lung. 

Histopathology 

Liver: some passive congestion which has distorted the cords, 
with some degeneration of cells surrounding the central vein; the 
Kupfer cells are laden with blood pigment. 

Lung: Fibrinous exudate in the alveoli related to the bronchial 
tubes; areas showing fibrous tissue. 
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HORSE 668 

History 
Received regular injections for production of diphtheria 

antitoxin. About one month after the commencement of immunization, 
albumin, blood cells, blood casts and granular casts were found in 
the urine. After continued injections the condition became somewhat 
aggravated, and arterial pressure was markedly increased (170/98). 
When the antitoxin content of the serum could not be raised to a satisfactory level for bleeding, a large intravenous injection of diphtheria 
toxoid was given, which resulted in death less than two hours later. 

Autopsy 
Lungs: Distended and hemorrhagic, the anterior portion of the 

left (upper at time of death) is quite discolored; many small 
reddened areas are seen throughout each lung. 

Heart: A few hemorrhagic spots about 1/2 inch in diameter on the 
endocardium. 

Kidneys: Enlarged, each weighing 3 lbs.; external surface pale; 
the cut surface of the cortex is pale and yellowish; the cortex-medulla 
contrast is not well marked; a subcapsular hemorrhage about two inches 
square on the right kidney, which when cut shows much engorgement 
throughout the organ. 

Liver and spleen not showing much gross alteration. 
Small intestine: some blood spots beneath the peritoneal coat, 

the muscular layers show some congestion. 
Histopathology 

Kidney: numerous tubules, chiefly in groups, show marked cloudy 
swelling with pyknotic nuclei and desquamating epithelium; dark blood 
pigment in glomeruli and in larger vessels; glomeruli swollen and con-
gested, and pressing upon Bowman's capsule; extensive congestion and 
hemorrhage in the collecting tubules. 
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HORSE 675 

History 

Regular immunization and bleedings for the production of 
diphtheria antitoxin. This horse showed moderately high serum 
bilirubin which dropped gradually toward the latter part of the 
immunization period, after he had been bled several times. Sear 
the end of this period an acute soreness and swelling developed in 
the upper part of the right hind leg simulating lymphangitis. When 
this condition improved he was bled out and perfused. 

autopsy 

Liver: On palpation certain portions seemed firmer than others; 
on section more than usual resistance to the knife was evident; some 
increase in interstitial tissue, with a pinhead mottled appearance. 
Weight 15 1/2- lbs. 

The left ventricle of the heart was much dilated; the epicardium 
showed a blue mottling. 

Other organs showed no definite change. 

Histopathology 

Liver: The liver cords especially around the central veins 
are widely separated, which may have resulted from perfusion; 
marked increase of interlobular connective tissue; one section 
shows proliferating fibroblasts among the liver cells. 
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SUMMARY 

The effects of hyper-immunization are numerous and varied. 
Temperature reactions differ with the type of injection, sub-

cutaneous doses of bacterial filtrates usually producing less febrile 
disturbance than much smaller volumes of living cultures given intra-
venously. 

Intravenous injections of pneumococci and meningococci are 
followed in some cases by short periods of depression and dyspnoea. 
Subcutaneous injections of bacterial filtrates even in the early 
stages of immunization, frequently result in ventral oedema, some 
stiffness of the legs, increased pulse rate and partial loss of 
appetite. Bursitis and tendo-synovitis are not uncommon. Variations 
in susceptibility are shown locally and thermally. 

Repeated doses of bacterial filtrates given subcutaneously 
reduce the red cell volume. This is most pronounced in diphtheria 
and tetanus horses. The changes in diphtheria horses may be in-
fluenced by the frequency of injections. Red cell volume appears 
to be only slightly affected by intravenous injections of killed 
or living cultures of meningococci and pneumococci. Bleedings, if 
frequently repeated, produce definite decreases in cell volume. 

Leucocytes are frequently increased three to five thousand 
following subcutaneous, toxoid or toxin injections. Counts of 
36, 000 were observed in two horses after toxin administration. 
White cells were found to be reduced immediately after intravenous 
doses of meningococci culture. This reduction was correlated with 
a decrease in the proportion of neutrophiles. Three to four hours 
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after injection there was evidence of an increase in the total number 
of leucocytes and young neutrophiles. 

Bilirubin decreases were found after frequent bleedings. This 
was later associated with decreases in viscosity, refraction and 
cell volume, indicating blood dilution following bleeding. 

The action of certain toxins and toxoids on red cells was 
studied. Tetanus toxin appears to be the most hemolytic. Even a 
toxin dilution of 1: 20 in a final concentration of 0. 9% sodium 
chloride produces complete hemolysis of cells from normal horses; 
complete protection was afforded by the plasma from an immunized 
horse, the cells of which had no definite resistance against the toxin. 
Slight hemolysis by perfringens toxin occurred in cells from a normal 
horse, but none in the cells from an immunized horse. Although cells 
of a normal horse were only slightly hemolysed by staphylococcus toxin, 
the plasma from an immunized horse gave only slight protection. Mo 
hemolysis was produced by the toxoids or scarlet fever toxin. 

Viscosity and protein were found to be distinctly increased in 
the plasma of horses which received regular subcutaneous injections 
of filtrates, whereas no definite change occurred in horses which 
were given intravenous injections of cultures. 

The sedimentation rate is not much altered by single bleedings 
if the cell volumes of the second sample are made to correspond with 
those of the first. Repeated injections tend to decrease the sedimen-
tation rate. This appears to be somewhat associated with increased 
viscosity. 

Some examples of increased blood pressure are given. On read-
ings made before and after bleeding, average decreases of approxi-
mately 13 mm. in systolic and 11 mm. in diastolic pressure were 
found. 
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Large thrombi in such locations as the colic, hepatic and 
splenic vessels have been frequently found in horses which have 
received numerous cultures intravenously, and in horses which were 
given subcutaneous injections over extended periods. In horses 
that have been under treatment but short periods, such as those on 
diphtheria antitoxin production, it is unusual that other than 
small thrombi in the mesenteric vessels, which appear to be of 
parasitic origin, are found. 

From the examples recorded and from a study of seventy-nine 
cases from routine autopsies it is evident that although other 
organs are sometimes damaged, the liver and kidneys are usually 
the most seriously affected. 
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