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Investigations of humoral immunity in per-
tussis have been chiefly directed toward studies
relating to specific agglutinins and complement-
fixing antibodies. One direction which recent
work has taken concerns the study of the opsono-
cytophagic reaction of the blood. As the name
implies, this reaction is a test for the opsonizing
antibody in the serum as well as for the phago-
cytosing power of the leukocytes. Whole blood
may be used, as pointed out by Veitch (1), and
this methqd has been successfully applied by
Huddleson and his coworkers (2) in undulant
fever. The results of their studies stimulated us
to investigate the reaction in pertussis, particu-
larly in regard to the therapeutic effect of intra-
venously or intramuscularly injected immune
blood (3). While the work was in progress, it
was learned that Kendrick (4) had reported ob-
servations on the reaction made during the course
of pertussis, and in animals before and after in-
jection of suspensions of H. pertussis and of
other organisms. She suggested that the reaction
might be useful in studying immune processes in
pertussis.

Singer-Brooks and Miller (5) have recently de-
scribed their experience with the reaction and
have presented the results obtained from observa-
tions made during the course of the disease.
They have been particularly interested in the
reaction of vaccinated children.

This report deals with observations of the re-
action in children during the course of pertussis;
in children with positive and with negative his-
tories of the disease; and in mothers and their
newly-born infants.

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

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

METHODSAND MATERIALS

Freshly isolated strains of H. pertussis were
used to produce antigens. In each instance they
were found to be hemolytic on the modified
Bordet-Gengou medium; were morphologically of
the coccoid-bacillary type; were virulent for mice;
produced necrotic lesions when injected intra-
dermally into guinea pigs in dosages of 0.05 cc.
of a suspension containing one billion organisms
per cc.; and were agglutinated by Phase I anti-
serums but not by Phase IV antiserums. Accord-
ingly, by these criteria, the strains were of the
virulent or Phase I type.

When the strains revealed any change from
Phase I characteristics, their use was discontinued
and newly isblated ones were substituted. Anti-
gens were prepared every two to four weeks and
were kept in the ice box at 40 C. during the period
used.

The medium used consisted of (a) a potato-
glycerine-agar base, and (b) defibrinated sheep's
blood.

The base consisted of the following ingre-
dients: peeled potato, 500 grams; glycerin, U.S.P.,
40 cc.; Bacto-agar, 120 grams; sodium chloride,
C.P., 21.5 grams; distilled water, 4,000 cc.

It was prepared as follows. The water and
glycerin were mixed. The sliced potatoes were
wrapped in gauze and suspended in one-half the
volume of water and glycerin mixture, and boiled
until soft. The potatoes were removed and the
liquid allowed to cool. The salt and the agar
were then added and the mixture allowed to stand
for 15 minutes in order to saturate the agar. The
mixture was then heated to dissolve the agar.
The remaining water-glycerin mixture was added
and the mixture brought up to volume.

The base mixture was dispensed into flasks,
each containing 150 cc., and autoclaved for 25
minutes at 15 pounds pressure.
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When a fresh batch of medium was desired, a
flask containing 150 cc. of this base was melted in
a water bath, cooled to 450 C. and to this amount,
30 cc. of freshly drawn defibrinated sheep's blood
was added. Plates or slants were then poured as
needed.

This medium was found to give satisfactory re-
sults after storage in the ice box for several days,
but each batch of plates or tubes was dated and
at the end of three days, the unused supply was
discarded.

For the growth of subcultures from which the
antigens were prepared, Bradford's gonococcus
medium (6) was frequently used. This medium
was prepared by melting 100 cc. of 2 per cent
Douglas agar (pH 7.6 to 7.8). When this base
had been cooled to 450 C., 25 cc. of the sterile
ascitic or hydrocele fluid, 5 cc. of sterile 20 per
cent glucose, and 10 cc. of sterile defibrinated rab-
bit's blood were added and mixed. Plates were
poured in the usual manner.

Upon this medium the majority of freshly iso-
lated strains of H. pertussis grew well after a few
generations of growth upon the modified Bordet
medium.

The technique of determining the opsono-cyto-
phagic reaction consisted of mixing 0.05 cc. of
whole blood, obtained as it flowed freely from a
small incision in the finger tip, with 0.05 cc. of
a 1 to 1,000 solution of heparin in physiological
salt solution. To this was added 0.05 cc. of a
standard killed suspension of Phase I H. per-
tussis. This suspension was made by scraping a
forty-eight hour growth of the organism from
Bradford's medium into physiological salt solu-
tion. Merthiolate was added to make a final con-
centration of 1 to 10,000, and the suspension was
standardized to match the turbidity of a known
standard suspension containing approximately ten
billion organisms per cc.

The organisms were added within thirty min-
utes after the blood was withdrawn, the mixture
was shaken and placed in a 370 C. water bath for
30 minutes. A second shaking was done after 15
minutes of incubation. At the end of the 30 min-
ute period, without further shaking, smears were
made, fixed with methyl alcohol, stained by the
Giemsa method for 20 minutes, washed, dried,
and examined under oil immersion.

A series of 25 consecutive polymorphonuclear
leukocytes were examined and the organisms en-
gulfed in each counted. This number of cells was
selected because it was observed that the final re-
sults were not significantly altered when series of
50 or of 100 cells were counted. The cells were
then classified according to the number of or-
ganisms engulfed. Three arbitrary groups were
used to denote the degree of phagocytosis as fol-
lows: " none to slight," 0 to 4 organisms; " defi-
nite," 5 to 19 organisms; " marked," 20 or more
organisms. If a leukocyte was distorted or if the
organisms could not be counted because of
marked clumping within the cytoplasm, the cell
was omitted from the series. It was noted that
phenolized antigens gave lower degrees of phago-
cytosis than did the merthiolate-preserved ones.
There was no significant difference between the
degree of phagocytosis obtained when living and
when merthiolate-killed antigens were tested, or
when the virulent Phase I and the avirulent Phase
IV antigens of the same strain were compared.

RESULTS

The reaction of the blood of 49 patients, when
tested at various periods during the course of the
disease, is shown in Table I. For each group

TABLE I
The opsono-cytophagic reaction of the blood

during the course of pertussis

Distribution of the average number of
cells according to the number

Number of organisms phagocytosed
Week of of
disease patients

tested Oto 4 5 to 19 20+organismm
.6on to organisms organisms

slight" definite~ marked"

I and 2..... 13 2.8 18.0 4.2
3 and4 .... . 15 1.3 14.5 9.2
5 and 6.... 12 0.8 9.5 14.6
7 and 8.... 9 0.6 8.6 15.7

tested, the distribution of the average number of
leukocytes according to the number of organisms
phagocytosed is recorded. It is obvious that, as
convalescence approaches, there is a definite in-
crease in the number of cells in the " marked "
column and a corresponding decrease in the num-
ber of cells found in both the "none to slight "

and " definite " groups.
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TABLE II

The opsono-cytophagic power of the blood
during the course of pertussis

Distribution of cells according
to the number of organisms

Week
phagocytosed

Patient Age of
disease Oto 4 So1 0

organisms 5 o1 0
."none to organisms organisms

slight."definite" "marked"

Ru..... 15 months 1st 3 22 0
2nd 0 21 4
3rd 0 0 25
4th 0 14 11
5th 0 5 20

Br .... 18 months 2nd 0 19 6
3rd 0 19 6
4th 1 20 4
5th 1 9 15

McStr... 2 months 2nd 0 23 2
5th 0 15 10
6th 0 1 24
7th 0 8 17

O'C.... 2 years 3rd 0 12 13
5th 3 14 8
6th 0 2 23
7th 0 13 12
8th 0 3 22

Ka..... 9 months 4th 1 24 0
6th 1 3 21
7th 0 4 21

Ho..... 6 years 4th 0 10 15
5th 0 12 13
7th 0 3 22

TABLE III

The degree of phagocytosis in relationship to the
history of the disease

Distribution of the average
number of cells according to

the number of organisms
Num- phagocytosed

Age ber
tested 0 to 4 5 to19 20+

organisms organisms
".none to " defi- o0,rganisms
slight" nite" marked"

NEGATIVE HISTORY OF PERTUSSIS

6 weeks to 6 months... 8 8.1 13.6 3.2
6 months to 2 years .. 16 3.5 16.9 4.6
2 to 5 years ....... 7 1.7 11.9 11.4
5 to 15 years ....... 7 1.7 14.3 9.0

POSITIVE HISTORY OF PERTUSSIS

6 weeks to 6 months... 1 0 8 17
6 months to 2 years .. 5 0.2 6.2 18.6
2 to 5 years .4 1.0 11.5 12.5
5 to 15 years ......... 20 0.2 8.4 16.3

Table II illustrates a similar increase in the
phagocytosing power of the blood when tested on
the same patient during the disease.

In Table III, the results obtained from study-
ing a group of 38 infants and children with nega-
tive histories of the disease are compared with
those obtained in a group of 30 who gave positive
histories. It is apparent that, in general, the de-
gree of phagocytosis is greater in the blood of
those who had the disease, particularly in those
under 2 years of age. In the older children (2 to
15 years) with negative histories, a high degree
of phagocytosis was often observed. This sug-
gests that the test is not entirely dependent upon

TABLE IV

A comparison of the opsono-cytophagic reaction of the blood in
twenty mothers and their newborns in relationship to

the history of pertussis in the mother

Distribution of the polymorphonuclear neutrophiles
according to the number of organisms phagocytosed

Mothers Newborn
Name -_______

to 4 5 to 19 to 4 S to 19
organ- organ- 20+organ-organ- 20+

ismns organ organ- sisms oisgas organ-
" none isms .8s "nn isms imnoe"defi- isms "none "defi- ismsslight" nite" marked" to , ." marked"slight"n'teslight", nite

POSITIVE HISTORY OF PERTUSSIS

Si ......... 0 2 23 0 4 21
McB.... 0 12 13 5 20 0
Wa ...... 1 10 14 0 17 8
Ha...... 0 13 12 16 9 0
Er . 0 7 18 24 1 0
Fe.... . 0 4 21 2 6 17
Ba... 0 6 19 0 12 13
Ta... 0 4 21 1 10 14

Average
number of 0.1 7.2 17.6 6.0 9.9 9.1

cells

NEGATIVE HISTORY OF PERTUSSIS

Sm......1.. . 12 12 8 12 5
Co... 0 25 0 3 22 0
La... 1 21 3 8 17 0
Wa ...... 0 2 23 10 15 0
Sp ...... 0 11 14 14 10 1
S ...... 0 17 8 3 12 10
Do...... 0 20 5 7 14 4
Fe ...... 0 15 10 10 15 0
Pe...... 2 17 6 18 7 0
Ki. .....0 20 5 11 14 0
Sh ...... 2 22 1 6 19 0
Le. .....0 0 25 0 6 19

Average
number of 0.5 15.1 9.3 8.1 13.5 3.3

cells
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specific antibodies, for it is well known that,
within certain limits, normal opsonins increase
with age. Moreover, we have observed increased
titers in the blood of febrile patients, and in pa-
tients after artificial heat therapy. These results
probably depend, in part at least, upon a tempo-
rary increase in the so-called normal opsonins.
Singer-Brooks and Miller (5) have observed sim-
ilar results after the administration of nonspecific
" respiratory " vaccines.

In Table IV, results of tests upon 20 mothers
and their infants during the first 10 days of life
are shown. It is apparent that, in general, the
titer of the mother's blood is greater than that of
the offspring and that a high titer in the newborn
is almost invariably associated with a high titer
in the mother. A high titer in the newborn is al-
most never associated with a low titer in the
mother. This suggests that placental transfer of
the opsonizing antibody occurs. Further investi-
gation of this finding is in progress. When the
averages of the cell distribution are compared, it
is noted that the degree of phagocytosis is greater
in the bloods of both mother and baby when there
is a history of the disease in the mother.

SUMMARY

The opsono-cytophagic power of the blood in-
creases during the course of pertussis. It is gen-
erally greater in those who have had the disease
than in those who have not. Evidence is pre-
sented to suggest placental transfer of the anti-
body in certain instances.
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