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In comparison with the general renewal of in-
terest in vaccine prophylaxis in pertussis, little at-
tention has been given to passive protection by
the use of immune blood. There seems to be
sufficient evidence to indicate that this method is
effective in the prevention and modification of the
disease in infants. It is probable that the very
young infant does not respond well to antigenic
stimulation. Moreover, in the case of the ex-
posed infant, the time interval may not permit a
satisfactory application of active immunization.
Clinical results obtained by the use of adult im-
mune serum and convalescent serum in the pre-
vention of whooping cough, along with a review
of the literature, have been described (1). In
this report an attempt to measure the effect of
these agents in terms of humoral antibodies is
made.

Since recent clinical and experimental evidence
strongly favors H. pertussis as the cause of
whooping cough, and since definite proof of a
circulating soluble toxin in the disease is lacking,
it is justified to assume that recovery depends to
a great extent upon phagocytosis. This process
has long been appreciated as important in the gen-
eral mechanism whereby the host rids itself of
infecting bacteria.

In the past, investigation of humoral immunity
in pertussis has chiefly concerned agglutinins and
complement-fixing antibodies. These antibodies
appear at the beginning of the third week of the
disease and diminish significantly as convalescence
reaches the fifth or sixth month. They are
demonstrable in the blood for a similar period of

1 This investigation was aided, in part, by a grant from
the Committee on Therapeutic Research, Council on
Pharmacy and Chemistry, American Medical Association.

2 Working under a grant from the Fluid Research
Fund of the University of Rochester.

time following active immunization with H. per-
tussis vaccine.

Recent attention has turned to the application
of the opsono-cytophagic test, suggested by Veitch
(2), and used by Huddleson et al. (3) in undu-
lant fever, for studying immune processes in per-
tussis. As the word implies, this is a test for the
opsonizing antibody of the serum as well as for
the phagocytosing power of the leukocytes.
Whether phagocytosis, as demonstrated by this
method, is simply another way of studying an
antibody identical with agglutinins, precipitins
and complement-fixation substances, depends upon
one's interpretation of the unitarian theory of
antibodies and is a question which is beyond the
scope of this report.

The technique of the test and the materials
used have been described in the preceding paper
(4).

By the use of this test, which is probably not
an entirely specific reaction, we have observed
that the degree of phagocytosis of H. pertussis is
increased in the blood during the course of
whooping cough. Children who have had the
disease have shown higher titers than those who
have not and mothers have had, in general, higher
titers than have their newborn infants. Wehave
likewise collected evidence that suggests placental
transfer of the opsonizing antibody (4).

RESULTS

In Table I, the results obtained by adding im-
mune adult serum to the whole blood-heparin-
organism mixture in each of 11 individuals are
shown. In these tests 0.05 cc. of the patient's
blood obtained from a puncture of the finger tip
was mixed with 0.05 cc. of heparin (1 to 1000
dilution in physiological salt solution). To this
was added 0.05 cc. of the standard antigen (10
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TABLE I

The efect of adult immune serum upon phagocytosis of
H. pertussis in vitro

Ditribution of polmorphonuclear neutrophiles according
to the num o organms phagocytosed

Saline (control) Serum
Patient Age _ __-- ___.__

Oto4 5to 19 0to4 5to 19
organ- organ- 20+ or- organ- organ- 20+ or-

isms ganism ismm iNsM ganisms
"none to "defi- "marked" "none to "defi. "marked"

dsight" nite" slight" nite"

Su. 18 months 0 13 12 0 1 24
Ro. 7 years 3 15 7 0 0 25
Ed J.. 2 years 0 16 9 0 4 21
Ed W.... 5 years 0 18 7 0 3 22
Ro. Newborn 0 14 11 0 9 18
Sm.. . Newborn 1 22 2 0 11 14
Ru.. . 15 montba 3 22 0 0 3 22
CL.... 4 wees 0 8 17 0 4 21
Jo. Newborn 7 9 9 5 10 10
Fa.. Newborn 0 14 11 2 20 3
Ja. Newborn 1 22 2 0 15 10

Average number of
aels .1.4 15.7 7.9 0.6 7.3 17.1

billion organisms per cc. in physiological salt solu-
tion preserved by a 1 to 10,000 concentration of
merthiolate) and 0.05 cc. of the immune adult
serum. This serum was that of adults who had
previously had the disease in childhood. In the
controls 0.05 cc. of physiological salt solution was

substituted for the adult immune serum. It is
obvious that in all except one instance the number
of cells exhibiting marked phagocytosis is defi-
nitely increased as compared with the respective
saline control.

Table II shows the results obtained when a

similar comparison is made between the influence
of the serum of an individual before, and 48 hours
after, receiving an intravenous blood transfusion.
In this experiment, this influence was determined
upon the leukocytes of two newborn infants in
each case. The blood of newborn infants was

TABLE It

The effect of transfusion upon phagocytosis of H. pertussis

Distribution of polymorphonuclear neutrophiles according to the number of organisms phagocytosed

Cells Saline Serum of patient Serum of patient Serum of
Patient Of control before transfusion after transfusion donor
receiv- new.- _ _ - ____ _ _ ____ _ _ - ___-_____- _____

ing Age born _ .-
trans- in- Oto 4 5 to Oto 4 5 to Oto 4 5 to Oto 4 5 to
fusion fants organ- 19 20 + organ- 19 20 + organ- 19 20 + organ- 19 20+

isms organ- organ- isms organ- organ- isms organ- organ- isms organ- organ-
"none isms isms "none isms isms "none isms isms "none isms isms

to "defi- "marked" to "defi- "marked" to "defi- "marked" to "defi- "marked"
slight" nite" slight" nite" slight" nite" slight" nite"

Cl. 4 a 0 14 11 2 20 3 0 10 15 0 9 16
weeks b 1 22 2 0 15 10 0 8 17 0 11 14

St. 2 a 23 2 0 23 2 0 0 16 9
years b 6 17 2 6 16 3 0 20 5

Sp. 5 a 3 12 10 1 16 8 0 13 12 0 7 18
years

He. 8 a 3 19 3 6 19 0 5 20 0
weeks b 5 20 0 13 12 0 12 8 5

Ku. 2 a 3 18 4 13 12 0 3 22 0
years b 5 20 0 10 15 0 0 23 2

D'A. 12 a 8 8 9 0 10 15 1 7 17
months b 23 2 0 13 10 2 7 10 8 _

Co. 18 a 10 12 3 11 10 4 10 7 8
months b 19 5 1 5 11 9 17 6 2

Ke. 6 a 9 16 0 2 23 0 3 21 1 5 14 6
years b 7 17 1 0 25 0 0 23 2 1 1 7 7

Ca. 5 a 0 17 8 2 20 3 0 24 1 0 15 10
months b 11 13 1 8 17 0 1 24 0

Average number 6.8 14.5 3.6 7.7 14.4 2.9 3.2 15.4 6.3 3.7 12.2 9.0
of cells
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TABLE III

The effect of intramuscular injection of 20 cc. of adult whole blood up6n phagocytosis of H. pertussis

Distribution of polymorphonuclear neutrophiles according to the number of organisms phagocytosed

Cells Saline Serum of patient Serum of patient Serum of
Patient of control before transfusion after transfusion donor
receiv- new -- -_

ing Age born
trans- in- O to 4 t5 o Oto 4 5 to Oto 4 5 to Oto 4 5 to
fusion fants organ- 19 20 + organ- 19 20 + organ- 19 20 + organ- 19 20 +

isms organ- organ- isms organ- organ- isms organ- organ- isms organ- organ-
"none isms isms "none isms isms "none isms isms "none isms isms

to "defi- "marked" to "defi- "marked" to "defi- "marked" to "defi- "marked"
slight" nite" slight" nite" slight" nite" slight" nite"

Ru. 15 a 14 2 9 9 6 10 11 4 10
months b 0 2 23 14 3 8 7 3 15

McS. 2 a 8 12 5 11 14 0 5 16 4 1 18 6
months

Fe. 12 a 2 22 1 0 23 2 0 25 0 2 22 1
months b 7 18 0 2 22 1 2 21 2 0 24 1

DeC. 18 a 3 21 1 0 20 5 0 25 0 0 18 7
months b 15 10 0 16 9 0 3 21 1 0 24 1

Ta. 3 a 4 20 1 0 13 12 1 17 7 0 12 13
years b 17 8 0 2 17 6 1 9 15 0 15 10

Average number 7.7 12.7 4.4 6.0 14.1 4.9 3.3 15.7 6.0 0.4 19.0 5.6
of cells

selected in order to eliminate the possibility of the
effect of an unrecognized attack of pertussis, and
because it was easier to obtain low titers as con-
trols. Tests of the effect of the addition of nor-
mal saline as well as of the donor's serum are in-
cluded for comparison.

It is evident that serum taken after the trans-
fusion stimulated the leukocytes of the newborn
infant to a greater degree of phagocytosis than
did the serum taken before the transfusion. The
donor in each instance was a parent whose history
of having had the disease was not determined.
The amount of blood given in each case was ap-
proximately 10 cc. per kilogram of body weight.

In Table III, the effects of serum samples taken
before and after the intramuscular injection of
20 cc. of whole blood into each of 5 infants is
recorded. The donor in each instance was a
parent whose history of the disease was not
known. While the effect upon phagocytosis is
not as marked as in the case of those receiving
transfusions, it is apparent that a definite increase
has occurred.

Table IV includes results obtained by the intra-
muscular injection of 10 cc. of hyper-immune hu-
man serum. In this experiment the whole blood

TABLE IV

The effect of the intramuscular injection of 10 cc. of hyper-
immune adult serum upon phagocytosis of H. pertussis

Distribution of polymorphonuclear neutrophiles according
to the number of organisms phagocytosd

Before Injection After injection

Patient Age
Oto4 5to 19 Oto4 5to 19
organ- organ- 20+ or- organ- organ- 20+ or-

m isms ganim im im ganims
"none to "defi- "markcd" "none to "defi- "maked"

light" nite" dight" nite"

Fa.... 3 months 0 21 4 0 21 4
Cr l...10 months 10 15 0 0 25 0
Tas ... 18 months 1 18 6 0 13 12
St.... 2 years 0 4 21 0 15 10
Br. ...9 months 0 19 6 0 19 6
Fo.... 3 weeks 5 20 0 5 19 1
MWS.. 2 months 5 18 2 0 21 4
ML...... Newborn 10 15 0 4 21 0
Mit .. . Newborn 19 6 0 22 3 0
Ro.. Newborn 2 21 2 7 18 0
V'L ....Newborn 14 11 0 9 14 2
Er. Newborn 10 15 0 0 25 0
Ec. Newborn 19 4 2 0 15 10

Avea number of
cels .7.3 14.4 3.3 3.6 17.6 3.8

of the recipient before and after receiving the in-
jection was tested directly. The hyper-immune
serum was prepared by immunizing normal young
adults by three weekly injections of Phase I H.
pertussis antigen, each injection representing five
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billion organisms. The donor was bled two
weeks after the final injection, the serum har-
vested and preserved by the addition of 0.25 per
cent tricresol. Kendrick (5) has reported excel-
lent prophylactic results from the use of similar
serum in exposed infants. The increase in
phagocytosis brought about by this serum is not
as great as that produced by transfusion, but con-
sists chiefly in a shift from "none to slight" to
"definite."

The effect of injecting 10 cc. of placental ex-
tract was studied in 3 infants and, as shown in
Table V, a definite increase in the phagocytic

TABLE V
The effect of intramuscular injection of 10 cc. of placental

extract upon phagocytosis of H. pertussis

Distribution of polymorphonuclear neutrophiles
according to the number of organisms phagocytosed

Before injection After injection
Pa-

tient Age 0 to 4 5 to 19 0 to 4 5 to 19
organ- organ- 20 + organ- organ- 20+

isms isms organisms isms isms organisms
none "defi- "marked" none "defi- "marked '
to nite" to nite"t

slight" slight'
months

McS. 2 0 14 11 1 7 17
So... . 3 2 13 10 0 8 17
Ka.. . 9 1 24 0 0 15 10
Mi.*. 2 5 16 4 0 8 17

* Received 20 cc. immune rabbit serum.

power of the blood resulted. In 1 infant, who
received 20 cc. of immune rabbit serum, a similar
response occurred. This immune rabbit serum
was prepared by injecting rabbits intravenously
with H. pertussis vaccine made from Phase I or-
ganisms; standardized to contain ten billion or-
ganisms per cc., and killed with merthiolate (1 to
10,000). Three weekly injections of 0.5 cc., 1.0
cc., and 1.5 cc. of the vaccine were given, and the
rabbit was bled ten days after the last injection.
The serum was separated and preserved by the
addition of 0.25 per cent tricresol.

SUMMARY

The opsono-cytophagic reaction of the blood
has been used to test the effect of the injection of
immune blood in pertussis.

In 10 of a group of 11 infants and young chil-
dren, the blood in each instance showed a marked
increase in phagocytic power against H. pertussis,
when a small amount of adult immune serum was
added.

In a group of 9 infants, the degree of phago-
cytosis was definitely increased as a result of in-
travenous blood transfusions.

In 5 infants who received 20 cc. of adult im-
mune blood, and in 13 infants who received 10 cc.
of hyper-immune human serum intramuscularly,
there was definite but less striking increase in
phagocytosis.

Placental extract injected intramuscularly into
3 infants in dosages of 10 cc. produced a definite
increase in the phagocytic power of the blood. A
similar result was obtained when 1 infant was in-
jected with 20 cc. of immune rabbit serum.
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