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A. Prasma FrRACTIONATION

RANSFUSION of whole blood has long been employed

I for numerous conditions, such as hemorrhage, anemia,

debility, infection, hypoproteinemia, thrombocytopenia,
and hemophilia. Blood is a complex mixture of multiple ele-
ments with different properties and physiological activities.
The desired clinical effect of its transfusion usually depends on
the physiological function of a single component. Actually in
only one situation, hemorrhage, are all the constituents of blood
required to repair the physiologic defect. In most other in-
stances, it would be more rational to employ only that com-
ponent of blood whose physiological function was desired.
Methods for the fractionation of plasma (1) (2) have evolved
which permit the chemical isolation of several of its known
constituents in a form suitable for clinical use. Thus it not only
1s more rational to employ these preparations to obtain the
desired effect, but it allows the clinician to use larger amounts
of the active fraction in order to achieve a more rapid and
effective result. It also is obviously more economical to use only
the desired fraction and not whole blood, thus leaving the
various other fractions to be employed in other patients where
their use is specifically indicated by their various physiological
requirements.

Following this philosophy, whole blood may be centrifuged,
the plasma separated and the red blood cells resuspended in
saline to be employed in the treatment of those anemias where
the defect is one primarily of insufficient numbers of red blood
cells. The use of the pooled plasma which remains is indicated
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primarily in conditions like burns where plasma is lost. It
should also be employed for the treatment of prothrombin de-
ficiency or other diseases where the indicated component of
plasma has not yet been isolated in a form safe and effective
enough for general clinical use. The plasma not so employed
may be fractionated to provide the following derivatives:

1. Albumin. Although this protein constitutes less than 60 per
cent of the total plasma proteins, it is responsible for approxi-
mately 80 per cent of the osmotic activity of plasma. The intra-
venous injection of albumin is indicated in the treatment of
shock, hypoproteinemia, and edema (3).

2. Isohemagglutinins. These are separated from plasma of
group specific bloods and provide powerful and reliable sub-
stances for blood grouping (4).

3. Fibrinogen. The physical properties of blood clots depend
on this protein which can be made into various plastic-like
materials. Combined with thrombin, fibrinogen may be con-
verted into clots with various physical properties (5).

4. Fibrin foam. These are made up of the same proteins that
constitute blood clots and when employed with thrombin offer a
substance which is effective as a topical agent for the control of
venous bleeding. This has been most widely employed for neuro-
surgical hemostasis (6).

5. Fibrin Film. This is a cellophane-like preparation of fibrin-
ogen plus thrombin which may be used as a dural substitute (7).

6. Antihemophilic globulin. This is that fraction of the plasma
which has been found to lower the clotting time of patients with
hemophilia. This globulin is presumed to be the substance con-
genitally deficient in the blood of such patients.

7. Gamma globulin. This will be discussed in greater detail
below.

B. NormaL Human Serum GaMmAa GLOBULIN

Concentrated normal human serum gamma globulin is that
fraction of normal human plasma which contains the immune
bodies usually present against infectious disease. Early in the
course of the plasma fractionation program, it was appreciated
that this protein might be of practical value in the control of




Gamma Globulin as a Prophylactic Agent 121

various diseases (8). The methods currently employed recover
and concentrate about 75 per cent of gamma globulin in a purity
of 95 per cent or better. Gamma globulin so prepared contains
antibodies present in approximately twenty-five fold concentra-
tion over that found in the plasma from which it was derived
(9). Thus, each 10.0 cc. of this material contains the antibody
equivalent of approximately 250 cc. of pooled adult plasma or
most of the immune bodies present in 500 cc. of whole blood.
The preparations tested show a fairly constant titre of anti-
bodies to the more common diseases present in the adult donor
population. This may well be expected to vary somewhat from
continent to continent or as the incidence of certain diseases
may vary with a given group of adult donors. Accordingly,
preparations containing unusually high titres of specific anti-
bodies may be derived from the plasma of hyperimmune or con-
valescent patients. The gamma globulin derived from the frac-
tionation of pooled normal adult plasma in the United States
was soon demonstrated to be effective as a safe and reliable
agent in the prophylaxis of measles (10) (11).

PaysicAL PROPERTIES, ADMINISTRATION AND REACTIONS

Gamma globulin is prepared as a clear, colorless, viscid solu-
tion, which is stable for long periods of time. The present ma-
terial may produce serious reactions if injected intravenously
and it should therefore always be given by the intramuscular
route. When so administered in the usual dosage, reactions oc-
curin 1 to 2 per cent of the cases (12). About 0.2 per cent of in-
oculated patients experience general reactions such as headache
or significant malaise. Significant local reactions in the nature
of pain, redness and swelling are seen in 0.6 per cent and febrile
reactions in 0.4 per cent. The use of gamma globulin has not
resulted in the production of serum jaundice.

CrinicaL Use
I. MEASLES
A. Prophylaxis. If gamma globulin is given in doses of 0.1 cc.
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per pound of body weight within the first six days after exposure
to measles, the disease will be prevented in at least 80 per cent
of exposed, susceptible contacts and modified in practically all
the remaining contacts. The passive immunity achieved in this
fashion will last for at least three weeks. If re-exposure occurs
after this period of time, another similar inoculation should
be given if prevention is still desirable. Measles should be pre-
vented when exposure occurs in: (1) Infants younger than six
months whose mothers are not immune; (2) infants between
the age of six months and three years; (3) children who are
debilitated or ill with another disease; (4) patients with pul-
monary tuberculosis; (5) patients on hospital wards who, if
allowed to have measles, might expose other sick patients; (6)
children in whom the presence of measles would disturb the
surrounding social environment to an unusual degree-and (7)
non-immune pregnant women, especially if exposed during the
first trimester.

If gamma globulin is given in doses of 0.02-0.025 cc. per
pound of body weight within the first eight days after exposure
to measles, the disease will be modified in most of the exposed
susceptible patients and prevented in relatively few. Although
failure to achieve mild measles occurs in a small percentage of
patients who develop the unmodified disease, gamma globulin
appears to be the safest, most convenient, and effective agent
now available. Comparison shows gamma globulin to be at
least as effective and easier to use than the less easily available
convalescent serum (13). Placental extract is less reliable for
modification as well as for prevention of measles and results
in a significantly greater incidence of both general and local
reactions (14).

There is no absolute proof to date that this scheme of “active
immunization” produces a lasting immunity, although most of
the evidence on hand indicates that this is probably true in the
vast majority of instances. It would, therefore, seem indicated
to attempt to modify the disease in all children over the age of
three years except for those exceptions listed above, which con-




Gamma Globulin as a Prophylactic Agent 123

stitute the various indications for prevention of the disease.
Such a scheme permits the acquisition of permanent immunity
while having a mild disease. If the disease is prevented, the
individual may well have a future unrecognized exposure fol-
lowed by severe unmodified measles. Another cogent argu-
ment in favor of attempted modification is that the measles
complication rate has been ten times as high in the unmodified
as in the modified variety with no fatal complications seen to
date in the latter group (12).

Because of the variability of modified measles, the patient
in whom this condition is anticipated must be observed care-
fully throughout the incubation period so that unusually mild
forms are not overlooked. The classical findings of cough,
coryza, conjunctivitis, Koplik spots, fever, malaise, and rash
are usually present in varying degrees. Any of these cardinal
symptoms may exist alone or in conjunction with any or all of
the others. The incubation period is often prolonged to twenty-
one days, although the average time is approximately fourteen
days. In most cases, there is a moderately mild mobilliform rash
which lasts a shorter period of time than that seen with average
measles. In a small number of patients with mild measles, the
rash may be absent. The respiratory symptoms which consti-
tute such a striking and annoying part of average measles are
usually mild and may often be absent. The temperature is
rarely elevated beyond 103° and usually ranges between 100-
102°, with little associated malaise or prostration.

B. Treatment. There is some evidence that the administra-
tion of gamma globulin in large doses (4.e. 15-30 cc.) during the
pre-eruptive stage of measles may result in a partially atten-
uated form of the disease (15). The results are not yet well
enough defined to merit using the material in the routine treat-
ment of measles.

II. INFECTIOUS HEPATITIS

Several well controlled studies have established the fact that
if gamma globulin is given in doses of 0.1 cc. per pound of body
weight early in the incubation period of infectious hepatitis, a
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very definite reduction in the case incidence of this disease will
occur in intimately exposed individuals (16) (17) (18). The
protection afforded by this procedure would not appear to in-
dicate its general use in the vast majority of the casually
exposed civilian population in view of the extremely low rate
of cross infection. It would appear more rational to reserve the
use of gamma globulin to attempt to prevent the disease when
exposure occurs in (1) military personnel living in close contact
with each other, (2) institutions where intimate exposures are
considerable, (3) patients who suffer from some serious debili-
tating disease, and (4) pregnant women.

If gamma globulin is given in doses of 0.3 cc. per pound of
body weight early in the course of infectious hepatitis, no ap-
parent modification of the disease ensues (19).

The value of gamma globulin in the prevention of attenuation
of homologous serum jaundice is not yet well defined (20).

III. MUMPS

Gamma globulin processed from the plasma of patients con-
valescing from mumps has been shown to decrease the incidence
of orchitis in adult males significantly when given in doses of
20 cc. at the onset of the disease (21). Material prepared from
normal adult plasma pools is without value in the prevention
of mumps or of orchitis.

IV. PERTUSSIS

Gamma globulin processed from pooled hyperimmune per-
tussis serum is of definite value in passive immunization against
whooping cough. This material is also of value in the treatment
of pertussis, especially if therapy is instituted early in the course
of the disease. Normal gamma globulin is again without ap-

parent value. V. POLIOMYELITIS

Gamma globulin has been used in unusually high doses for
the treatment of preparalytic poliomyelitis without any appar-
ent benefit (22). There is no clinical evidence that gamma
globulin is of value in the prevention of poliomyelitis, although
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there is evidence that human immune bodies may aid in pre-
venting experimental transmission of the virus to laboratory
animals (23).
VI. SCARLET FEVER

Studies are now being carried out to determine the value of
both normal and convalescent gamma globulin in the prophy-
laxis and treatment of this disease. It appears likely that they
may be of some value.

VII. GERMAN MEASLES

The possible use of gamma globulin in the prevention and
treatment of this disease is under study.

VIII. CHICKEN POX

Normal gamma globulin is ineffective in the prevention of
chicken pox and its role in treatment is unknown.

IX. INFANTILE DIARRHEA

The evidence to date indicates that gamma globulin is of

no value in the prophylaxis and treatment of infantile diarrhea
(24). SUMMARY

Gamma globulin is that fraction of the plasma proteins which
contains the immune bodies. Recent preparations of this ma-
terial contain antibodies which are concentrated approximately
twenty-five fold over the pooled plasma from which they are
derived.

When given intramuscularly, it has proved to be a partic-
ularly effective and safe agent for the prevention and modifica-
tion of measles. Gamma globulin is also capable of preventing
or modifying infectious hepatitis in a large proportion of ex-
posed individuals. Its role with regard to prophylaxis of ho-
mologous serum jaundice, mumps, scarlet fever, pertussis, polio-
myelitis, and other infectious diseases is now being studied.
Therapeutically, it may prove of value in the treatment of
scarlet fever, pertussis, and very early measles. Gamma glob-
ulin from convalescent plasma has proved useful in reducing
the incidence of orchitis in mumps.



126 The Milbank Memorial Fund Quarterly
BisLioGrAPHY

1. Cohn, E. J.; Oncley, J. L.; Strong, L. E.; Hughes, W. L., Jr., and Armstrong,
S. H,, Jr.: The Characterization of the Protein Fractions of Human Plasma. Journal
of Clinical Investigation, 23: 417, 1944.

2. Cohn, E. J., et al.: Preparation and Properties of Serum and Plasma Proteins
IV. A System for the Separation into Fractions of the Protein and Lipoprotein
Components of Biological Tissues and Fluids. Journal of the American Chemical
Society, 68: 459, 1946,

3. Janeway, C. A.: Clinical Uses of Products of Human Plasma Fractionation.
Journal of the American Medical Association, 126: 674, 1944.

4. DeGowin, E. O.: Appraisal of Isohemagglutinin Activity. Journal of Clinical
Investigation, 23: 554, 1944.

5. Ferry, J. D. and Morrison, P. R.: Fibrin Clots, Fibrin Films and Fibrinogen
Plastics. Journal of Clinical Investigation, 23: 566, 1944.

6. Bailey, O. T. and Ingraham, F. D.: The Use of Fibrin Foam as a Hemostatic
Agent in Neurosurgery. Journal of Clinical Investigation, 23: 591, 1944,

7. Bailey, O. T. and Ingraham, F. D.: Fibrin Films in Neurosurgery. Journal of
Clinical Investigation, 23: 597, 1944.

8. Cohn, E. J.; Luetscher, J. A., Jr.; Oncley, J. S.; Armstrong, S. H., Jr.; and
Davis, F. D.: Preparation and Properties of Serum and Plasma Proteins. Journal of
the American Chemical Society, 62: 3396, 1940. (See footnote p. 3398).

9. Enders, J. F.: The Concentrations of Certain Antibodies in Globulin Fractions
Derived from Human Blood Plasma. Journal of Clinical Investigation, 23: 510, 1944,

10. Stokes, J., Jr.; Maris, E. P.; and Gellis, S. S.: The Use of Concentrated Normal
Human Serum Gamma Globulin in the Prophylaxis and Treatment of Measles.
Journal of Clinical Investigation, 23: 531, 1944.

11. Ordman, C. W.; Jennings, C. G.; and Janeway, C. A.: The Use of Concen-
trated Normal Human Serum Gamma Globulin in the Prevention and Attenuation
of Measles. Journal of Clinical Investigation, 23: 541, 1944.

12. Janeway, C. A.: Use of Concentrated Human Serum Gamma Globulin in the
Prevention and Attenuation of Measles. Bulletin of the New York Academy of
Medicine, 21: 202, 1945.

13. Stillerman, M.; Marks, H. H.; and Thalhimer, W.: Prophylaxis of Measles

with Convalescent Serum. American Journal of Diseases of Children, 67: 1, 1944.

14. Greenberg, M.; Frant, S.; and Rutstein, D.: Gamma Globulin and Placental
Globulin. Journal of the American Medical Association, 126: 944, 1944.

15. Stokes, J., Jr.; Maris, E. P.; and Gellis, S. S.: Use of Concentrated Normal
Human Serum Gamma Globulin in the Prophylaxis and Treatment of Measles.
Journal of Clinical Investigation, 23: 531, 1944,

16. Stokes, J. Jr.; and Neefe, J. R.: The Prevention and Attenuation of Infectious
{Iepalt;iié by Gamma Globulin. Journal of the American Medical Association, 127:
44, 1945.

17. Gellis, S. S.; et al.: Studies on Prophylaxis in Two Epidemics of Infectious
Hepatitis. Journal of the American Medical Association, 128: 1062, 1945.

18. Havens, W. P., Jr.; and Paul, J. R.: Prevention of Infectious Hepatitis with
Gamma Globulin, Journal of the American Medical Association, 129: 270, 1945.




Gamma Globulin as a Prophylactic Agent 127

19. Gellis, S. S.; et al.: Studies on Treatment in an Epidemic of Infectious Hepa-
titis. Journal of the American Medical Association, 128: 1158, 1945,

20. Grossman, E. B.; Stewart, S. G.; and Stokes, J. Jr.: Post Transfusion Hepatitis
in Battle Casualties. Journal of the American Medical Association, 129: 991, 1945,

21. McGuiness, A. C., et al.: A study on the Prevention of Mumps Orchitis
by Gamma Globulin. American Journal of Medical Science, 210: 661, 1945.

22. Bahlke, A. M. and Perkins, J. E.: Treatment of Preparalytic Poliomyelitis
with Gamma Globulin. Journal of the American Medical Association, 129: 1146, 1945,

23. Kramer, S. D.: Protection in White Mice with Human Post-Convalescent

?;Z;m Against Infection with Poliomyelitis Virus. Journal of Immunology, 47: 67,

24. High, R. H.; Anderson, N. A.; and Nelson, W. E.: Further Observations of
Epidemic Diarrhea of the Newborn. Journal of Pediatrics, 28: 407, 1945.






