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Susceptibility of bacteria to intracellular killing by polymorphonuclear leuko-
cytes from a patient with chronic granulomatous disease could be correlated with
bacterial hydrogen peroxide production.

Patients with chronic granulomatous disease
of childhood (CGD) suffer from severe and re-
current bacterial infections. Polymorphonuclear
neutrophils (PMN) from these patients phago-
cytize bacteria normally but are unable to kill
certain organisms after ingestion. Staphylococcus
aureus, Escherichia coli, Klebsiella-Aerobacter,
Salmonella, Serratia marcescens and several other
gram-negative enteric bacilli are not killed nor-
mally within PMN of CGD patients. These bac-
teria are by far the most common infecting
organisms in patients with CGD (7). In contrast,
Diplococcus pneumoniae, Streptococcus pyogenes,
and Streptococcus fecalis are killed readily within
PMN of patients with CGD and have not been
reported to play a role in the recurrent infections
in these patients (3). The reasons for the variation
in bactericidal activity of CGD leukocytes for
different species of bacteria are not known.

Studies of the metabolic abnormalities of
PMN from patients with CGD have shown that
these cells do not demonstrate the normal post-
phagocytic increase in hydrogen peroxide pro-
duction (2). Hydrogen peroxide, in combination
with myeloperoxidase and an appropriate oxidiz-
able substance such as iodide, has been shown
to be a potent bactericidal system in PMN (4).
The lack of hydrogen peroxide production by
PMN from patients with CGD is the most likely
explanation for the defective bactericidal capacity
of these cells. Klebanoff and White (5) have
postulated that intraleukocytic formation of
hydrogen peroxide by bacteria could make up
for the defect in hydrogen peroxide generation
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by leukocytes and account for the ability ofCGD
leukocytes to kill certain bacteria.
The present study was undertaken to determine

if there is a correlation between the capacity of
bacteria to generate hydrogen peroxide and the
susceptibility of these bacteria to the lethal
action of CGD leukocytes.
The bactericidal capacity ofPMN from normal

individuals and a patient with CGD was tested
against 10 different microorganisms by utilizing
a membrane ifiter (Millipore Corp., Bedford,
Mass.) technique to separate free bacteria from
cell-associated bacteria (G. L. Mandell, and E.
W. Hook, Amer. J. Med., in press). In this test
bacteria and leukocytes in a 1 :1 ratio were
incubated for 2.5 hr in a shaker-incubator at
37 C. At the end of the incubation period, the
suspension of cells and bacteria was diluted and
filtered through a 3 Am membrane ifiter (Milli-
pore). The filter sheet was placed on a Trypticase
Soy Agar (BBL) plate and incubated at 37 C
for 18 hr. The colonies on the filter sheet were
counted to quantitate the number of viable cell-
associated bacteria. Under these conditions more
than 99.9% of the bacteria were phagocytized by
leukocytes from the patient and from normal
controls. Results obtained with this test were
confirmed by standard differential centrifugation
tests (6) for D. pneumoniae, S. faecalis, S. aureus,
and S. marcescens.

Hydrogen peroxide formation by bacteria was
determined by the method of Krause et al. (6)
by utilizing a benzidine-blood agar medium in
which peroxide-producing bacteria grow in
black colonies. Catalase was quantitated by the
method of Amin and Olson (1).
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TABLE 1. Relationship of hydrogen peroxide and
catalase production by bacteria to susceptibility

to intracellular killing by CGD leukocytes

Suscepti- Catalase
bility to activity

intracellular HtOs (HOs des-
Organsm ckillin by production troyed after

CGb 1S min of
leukocytee incubation)

Diplococcus pneu-
moniae (type
19)............. 0.49:1 Pos 0

Streptococcus
pyogenes ........ 0.92:1 Pos 0

Streptococcus
fecalis .......... 1.7:1 Pos 0

Salmonella typhi-
muriumb ......... 3.3:1 Neg 100

Pseudomona aeru-
ginosab .......... 3.4:1 Neg 100

Klebsiella-Aero-
bacter........... 5.5:1 Neg 100

Staphylococcus
aureus (502A)b... 8.1:1 Neg 100

Proteus mirabilis.. 35:1 Neg 100
Escherichia coli

(0111B4) ........ 50:1 Neg 100
Serratia marces-

cens"............ 85:1 Neg 100

'Expressed as the ratio of organisms surviving
intracellularly in PMN from the patient with
CGD to the number of organisms surving intra-
cellularly in simultaneously tested control PMN.
Ratios greater than 2.5: 1 were considered indica-
tive of abnormal intracellular killing.

b Species that caused severe infection in this
patient with CGD.

The results are shown in the Table 1. The
bacteria that produced catalase and had no
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detectable hydrogen peroxide formation were
not killed normally by leukocytes from the one
patient with CGD tested. In contrast, organisms
that did not produce catalase but showed hy-
drogen peroxide production were killed normally
by CGD leukocytes.
These data are compatible with the hypothesis

that formation of hydrogen peroxide by bacteria
within leukocytes could compensate for the
defect in hydrogen peroxide production by CGD
leukocytes. The hydrogen peroxide produced by
bacteria, acting in concert with myeloperoxidase
within the phagocytic vacuole could account for
the ability of CGD leukocytes to kill certain
bacteria.
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