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Numerous studies have been made on the relation of fractional blood
protein changes to bacterial infection and immunity. The subject is of
especial importance in view of the renewed interest regarding the associa-
tion of immune bodies with the globulins and recent studies in regard to
the effects of blood protein changes and plasma viscosity on specific and
non-specific agglutination reactions (1, 2). Since the early experiments
of Langstein and Mayer (3), it has been generally found that a relative
or absolute increase of the globulin fraction and a decrease in the albumin
fraction occur during and after various bacterial infections. Glaessner
(4) and later Hurwitz and his co-workers (5) showed that increases in
globulin may occur during the course of immunization as well. They
believed that the globulin increase indicated disturbed metabolism and
that no direct parallelism existed between the amount of globulin and
the degree of immunity. There was no constant relationship between the
increased amount of globulin and the antitoxic potency of prepared sera.
Similar findings were noted by Schmidt and Tuljtschinskaja (6) and
others. Studies on fractional blood protein changes in malaria, typhoid
fever and after typhoid vaccination were made by Lloyd and Paul (7).
They observed a marked decrease in the albumin fraction, an increase in
the euglobulin and slight or no changes in the total globulin during the
acute stage of typhoid fever and malaria. Similar but less marked
changes followed vaccination with typhoid bacilli.

Many studies have been made on the blood protein changes in lobar
pneumonia. Kumpf (8) collected data from 29 reports. It was gener-
ally agreed that the total protein was lowered, the fibrinogen and globulin
increased and the albumin decreased in amount. No particular atten-
tion, however, was given to the speed with which changes in plasma pro-
teins occur after the onset of infection or the time required before the
normal equilibrium was regained.

Increase of plasma globulin and fibrinogen during infections causes
a decrease of the suspension stability of the blood and consequent reduc-
tion of the sedimentation time of erythrocytes. The correlation between
plasma protein changes and sedimentation time has been demonstrated
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repeatedly (9, 10, 11, 12, 13). In a statistical analysis of the effect of
blood protein fractions on the sedimentation rates in a large series of
mixed clinical cases, Westergren and his co-workers (12) found a distinct
correlation for fibrinogen and globulin and a negative correlation for
albumin. Other factors, including hydremia, anemia, changes in cell
volume and color index, also influence the suspension stability (14, 15, 16,
17). Possibly because of these other factors, a number of observers
have been unable to establish a constant correlation between fractional
protein changes and sedimentation time (18, 19, 20, 21). In two reports
(19, 21) the changes in the amount of fibrinogen, which is known to play
the most important role in suspension stability, were not measured.

The studies reported in this paper were undertaken to determine the
correlation between fractional plasma protein changes, plasma viscosity
and the sedimentation time of erythrocytes during and after lobar pneu-
monia.

METHODS

Plasma Protein Determinations (Supervised by Dr. Grace Medes).
Twenty cc. of blood was withdrawn from the arm vein with minimum
stasis, and oxalated. Plasma protein fractions were determined by
Berglund's modification (22) of Howe's method using sodium sulphate as
a salting-out agent. Nitrogen determinations were made by the micro-
Kjeldahl technic. The average normal protein values obtained with
this method in grams per 100 cc. plasma were:

Total protein ....... 6.67
Albumin ....... 4.07

r fibrinogen.............. 29
Globulin ... 2.59 euglobulin .68

Ipseudoglobulin I...... 94
I pseudoglobulin II. 68

Sedimentation time. At the risk of confusing comparative data, the
sedimentation time was observed by employing the usual standard hos-
pital apparatus in place of special tubes. Nine-tenths cc. of blood was
drawn into a tuberculin syringe (4 mm. diameter) containing 0.1 cc. of a
10 per cent solution of sodium citrate. The syringe was inverted a num-
ber of times to insure thorough mixing, the needle was removed and
replaced by a short piece of rubber tubing. The end of the tube was
bent back along the barrel of the syringe and fastened with a rubber
band. The syringe was placed in a vertical position, stoppered and ob-
served at room temperature. The number of minutes required for the
erythrocyte level to reach the 0.6 cc. mark was arbitrarily considered to be
the sedimentation time. The average normal sedimentation time by
this method was 3 hours or more.

The Hess viscosimeter was used for the determination of plasma vis-
cosity. According to the technic employed the viscosity of normal
plasma was from 1.6 to 1.7.
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RESULTS

The sedimentation time was repeatedly determined in 28 cases during
the course of lobar pneumonia and in convalescence, some of the observa-
tions being made by one of us several years ago during the course of other
studies. In 4 cases observed within 24 hours after the onset, the sedi-
mentation time had already begun to decrease. In these cases, the min-
mumsedimentation time was attained within 5 days. In most cases,
the sedimentation time did not begin to return toward the normal until
the temperature had been normal for several hours or days. In one pa-
tient, the normal time was reestablished 7 days after the crisis. In 3
others, the suspension stability was decreased for 2 months. Usually,
however, the normal was reached 2 or 3 weeks after the crisis. The
development of complications caused a renewed phase of rapid sedimen-
tation. In a few cases, the curve of the specific agglutination titer was
plotted against changes in sedimentation time, but no relation was evi-
dent, supporting previous statements (4, 5) that no direct relationship
exists between plasma protein changes and specific immune bodies. Of
especial interest in this study were the promptness with which disturbance
of suspension stability of the plasma occurred after the onset of illness
and the length of time required after the crisis before the normal equilib-
rium was restored.

Blood for determination of the plasma protein fractions was with-
drawn at the same time that samples for the observation of sedimentation
time were obtained in 6 patients. In 4 of the 6 cases, the total plasma
protein was diminished at the height of the febrile period. The fibrinogen
was increased during the acute stage of the illness in all except one case,
and in that instance the fibrinogen increased during convalescence. In
each case the total globulin was increased during the febrile period while
the albumin fraction was usually reduced. During convalescence the
'total protein usually increased, the globulin and fibrinogen decreased and
the albumin increased until the normal equilibrium was restored. Ex-
ceptions will be pointed out in analyzing the separate cases. The
albumin-globulin ratio was 1 or less than 1 during the acute stage and
increased during convalescence except in one instance.

A correlation was observed between the viscosity of the plasma and
the sedimentation time in the individual cases. As the viscosity increased
the sedimentation time decreased. The highest viscosity (2.7) occurred
in a case in which the sedimentation time was 8 minutes.

Case I. P. G. Male, aged 21. Type III pneumococcus infection, right
lower lobe. An appreciable increase in the total globulin (3.65 grams) and
fibrinogen (0.79 gram) was present on the second day of illness. The maximum
fibrinogen (1.06 gram) occurred on the sixth day coincident with the minimum
sedimentation time of 30 minutes as shown in Table I. On the fourteenth day,
during convalescence, the amount of fibrinogen and globulin had diminished
while the sedimentation time had increased. On the thirty-sixth day the blood
protein fractions, sedimentation time and viscosity were normal.
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TABLE I
Data on blood

Plasma

Day - _ _ _ _ _ _ _ _ _-_ _ _ _ _ _ _ _ _-Blood
Patient after sedimen-Total A Total Fi- Eu- Pseudo- Pseudo- Albumin tationonset Albu- glob- brin- glob- globu- globu- Goui Vis- tm

tein min ulin ogen ulin lin n Glblin cosity tmratio

grams grams grams grams grams grams grams minutes
per per per per per P'e per
100 100 100 100 100 100 100
cc. cc. cc. cc. cc. cc. cc.

Case I. 2 7.26 3.61 3.65 0.79 0.94 1.17 0.75 0.99 115
P. G. 6 6.41 3.49 2.92 1.06 0.20 1.06 0.59 1.19 30

14 6.04 3.35 2.69 0.79 0.19 0.98 0.73 1.24 1.9 97
36 6.68 4.13 2.55 0.49 0.47 0.91 0.69 1.61 1.5 180+

Case III. 5 5.61 2.84 2.77 0.27 0.33 0.99 1.20 1.03 2.1 18
A. K. 30 6.76 3.07 3.69 0.53 0.38 1.95 0.84 0.81 1.6 155

Case IV. 11 5.99 2.18 3.81 0.74 0.66 1.31 1.10 0.57 1.8 7
F. F. 64 6.56 3.73 2.83 0.61 0.52 1.13 0.59 1.31 1.6 180+

Case VI. 7 6.55 3.14 3.41 0.59 0.75 1.30 0.77 0.91 2.0 16
J. B. 48 6.35 3.12 3.23 0.31 0.38 1.98 0.57 0.96 1.5 180+

Normal
amounts 6.67 4.07 2.59 0.29 0.68 0.94 0.68 1.57 1.7 180+

Case II. M. B. Female, aged 37. Type III pneumococcus infection, right
lower lobe. Approximately 18 hours after the initial chill the amount of
fibrinogen had increased to 0.93 gram, the maximum observed in this patient.
The minimum sedimentation time, however, was not reached until the sixth
day when the viscosity was greatest; the fibrinogen diminished but the total
globulin increased slightly. During convalescence the amount of fibrinogen
and globulin decreased, the viscosity diminished and the sedimentation time
increased until normal values were found on the thirty-ninth day. See Figure 1.

Case III. A. K. Male, aged 28. Type III pneumococcus infection, left
lower lobe. In this patient the fibrinogen and total globulin were practically
normal in amount on the fifth day of illness, yet the sedimentation time was
short (18 minutes) and the viscosity 2.1. During convalescence, on the
thirtieth day, both the amount of fibrinogen and total globulin was increased,
the viscosity decreased and the sedimentation time was nearly normal. See
Table I. Observations in this case corroborate the findings of others who
showed that increase in sedimentation time did not always parallel decrease in
globulins.

Case IV. F. F. Male, aged 37. Pneumococcus group IV infection, right
upper and lower lobes. The amount of globulin and of fibrinogen was in-
creased together with an increased viscosity and diminished sedimentation
time as shown in Table I. On the sixty-fourth day, the viscosity and sedimen-
tation time were normal but the amount of fibrinogen was still increased to
0.61 gram.

Case V. S. S. Male, aged 29. Group IV pneumococcus infection, four
lobes involved. Although the fibrinogen content increased markedly between
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the second and tenth days, the sedimentation time of 20 minutes and viscosity
of 1.9 on both occasions remained unchanged. During convalescence, the
amount of protein fractions, viscosity and sedimentation time gradually re-
turned to normal. When measured on the ninety-second day the values were
approximately normal as shown in Figure 2.

_l I

6 8 1O 12 14 16 18 20 22
Dacp from onset of pneuffioi

39

FIG. 1. CHART REPRESENTING CASE II, M. B. SHOWING INCREASE OF
FIBRINOGEN ON THE FIRST DAY OF ILLNESS

Later the total protein increased together with increase in plasma viscosity
and decrease in sedimentation time on the sixth day. The values are normal
on the thirty-ninth day.

Case VI. J. B. Male, aged 39. Group IV pneumococcus infection, left
lower and right upper lobes. On the seventh day of illness the amount of
fibrinogen and of total globulin was moderately increased, the viscosity was
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increased and the sedimentation time diminished (16 minutes). During con-
valescence on the forty-eighth day, the sedimentation time, viscosity and
fibrinogen values were normal but the total globulin fraction was still somewhat
higher than normal. (Table I.)

From the results obtained in 3 of these 6 cases there appears to be a
fairly close correlation between increase in the amounts of globulin and
fibrinogen, increase in viscosity and decrease in the suspension stability
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FIG. 2. CHARTREPRESENTINGCASEV, S. S. SHOWINGINCREASEDFIBRIN-
UGEN DURING THE FEBRILE PERIOD CORRELATEDWITH INCREASED PLASMA
VISCOSITY AND DECREASEDSEDIMENTATION TIME

of the blood in harmony with the views of other observers. On the other
hand, in certain cases (II, III and IV) other factors apparently played a
role. In Case II the maximum fibrinogen percentage did not coincide
with the greatest increase of viscosity and the minimum sedimentation
time as illustrated in Figure 1. In Case III, the viscosity and sedimenta-
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tion time were markedly altered yet the fibrinogen percentage was nor-
mal and the total globulin only slightly increased. During convalescence,
when the viscosity and sedimentation time were normal, the fibrinogen
was doubled in amount and the globulin increased by 30 per cent.
Changes in cell volume in this case cannot be responsible for the apparent
paradoxical behavior since the red cell volume was 34 and 36 per cent on
the respective occasions. In Case IV the amount of fibrinogen was still
appreciably increased although the viscosity was normal and the-sedi-
mentation time had increased from 7 to over 180 minutes. In this pa-
tient, the red cell volume increased from 27 per cent during the illness to
35 per cent during convalescence, which partly accounts for increase in
the sedimentation time.

The euglobulin fraction in all 6 cases was variable, but was usually
reduced during the period of shortest sedimentation time and was still
decreased for some time during convalescence. The pseudoglobulins
were usually altered with an increase of fraction I and a decrease of frac-
tion'II during the illness.

DISCUSSION

The results of our study on blood protein changes in lobar pneumonia
were for the most part in harmony with those of many other similar stud-
ies. The total plasma protein content varied considerably, but in general
tended to be diminished during the febrile period. In 2 cases it was
slightly increased over the usual normal standard. During the febrile
period, the protein may be relatively diminished due to water retention
or actually diminished because of decreased intake of food and increased
metabolism (23, 24). The amount of fibrinogen was usually increased,
in one case to as much as 5 times its normal amount. The greatest
amount was usually present during the illness, but in 1 case during con-
valescence. The total globulin fraction was increased in all 6 cases dur-
ing the disease and in 2 cases reached its maximum during convalescence,
similar to the observations of Loeper et al. (25). In 3 cases, the amounts
of fibrinogen and globulin were increased very early in the disease, sev-
eral days before the anticipated presence of demonstrable immune bodies,
corroborating the opinion of others that no correlation exists between
changes in the concentration of proteins in the blood and specific agglu-
tinins. Especially interesting was the prompt increase in the amount
of fibrinogen within a few hours after the onset and the long period of
time occasionally required after the crisis before it returned to the normal
level.

The albumin-globulin ratio during the acute stage of the disease varied
from 0.57 to 1.19. During convalescence, the ratio increased in most
cases. In 2 cases, the ratio was less than 1 during convalescence, and in
4 cases it varied from 1.17 to 1.62.

It appeared that increase in fibrinogen and globulin usually, but not
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always, paralleled a decrease in the sedimentation time of erythrocytes, as
shown previously by others (18, 19, 20, 21). In cases manifesting an
exception to the rule, no explanation is available to account for the lack
of correlation. Changes in cell volume, color index or anemia could not
be held accountable. It is possible that unknown qualitative changes in
the protein fractions may play a role. The changes in the sedimentation
time were in all cases parallel with changes in the viscosity of the plasma.
The sedimentation time always shortened with increase in plasma vis-
cosity.

The prompt increase of fibrinogen observed soon after the onset of
lobar pneumonia resembles the prompt increase of this protein fraction
observed by Lohr (26) and others to occur 1 to 4 hours after non-specific
protein injection. The simultaneous increase of fibrinogen, increase of
leukocytes and decrease of platelets In lobar pneumonia point to a com-
mon site of disturbance, probably in the hematopoietic organs. But,
although after the crisis the number of leukocytes diminish and the plate-
lets increase, the amount of fibrinogen in a number of instances continued
to increase or remained at an abnormally high level, and in certain cases
a month or more elapsed before the amount was reduced to normal. The
prolonged period of hyperinosis is not in harmony with the view (4, 5) that
globulins in the blood increase merely as a result of transient metabolic
disturbances which occur during the illness. There may, however, be
some relationship between the prolonged increase observed in most cases
and the gradual resolution of the exudate in the consolidated lung com-
posed largely of leukocytes and fibrin. It is known that the process of
resolution may continue for varying periods after the crisis. Further-
more, fibrinogen-like and globulin-like proteins have been derived from
leukocytes in vitro (26). Observations on the correlation of blood protein
changes with the progress of resolution were not made in this investiga-
tion, but studies are in progress at present.

SUMMARY

The total plasma protein is usually decreased during the febrile period
of lobar pneumonia. The fibrinogen and globulin fractions are increased.
The increase occurs promptly after the onset and a high level persists for
varying periods, up to 2 months after the crisis.

The viscosity of the plasma increases and the sedimentation time of
erythrocytes decreases, usually, but not always, in close correlation with
increase of fibrinogen and globulin.
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