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A B S T R A C T The neutrophils and monocytes of a pa-
tient with disseminated candidiasis were found to lack
detectable levels of the lysosomal enzyme myeloperoxi-
dase (MPO), although they had normal levels of other
granule-associated enzymes. Leukocytes from one of the
patient's sisters also lacked detectable MPO; leukocytes
from his four sons contained approximately one-third of
mean normal peroxidase levels. Neither the patient nor
his affected relatives had experienced frequent or un-
usual bacterial infections.

The phagocytic activity of the patient's MPO-deficient
neutrophils was intact, and the cells displayed normal
morphologic and metabolic responses to phagocytosis.
In contrast to normal leukocytes which killed 30.5
±7.3% of ingested Candida albicans in 1 hr, how-
ever, the patient's neutrophils killed virtually none. His
leukocytes also failed to kill the strain of C. albicans
recovered from his lesions, as well as other Candida.
species. These MPO-deficient neutrophils killed Ser-
ratia marcescens and Staphylococcus aureus 502A at an
abnormally slow rate, requiring 3-4 hr to achieve the
bactericidal effect attained by normal leukocytes after
45 min. No other abnormalities in his cellular or hu-
moral immune responses were demonstrated.

These findings suggest that hereditary MPOdeficiency
is transmitted as an autosomal recessive characteristic,
that the homozygous state conveys enhanced suscepti-
bility to disseminated candidiasis, and that MPOis nec-
essary for candidacidal activity in human neutrophils.

This work was presented in part at the National Meeting
of the American Federation for Clinical Research, Atlantic
City, N. J., and published in abstract form (1).

Received for publication 13 February 1969 antd in revised
form 11 April 1969.

Although lending support to the suggested bactericidal
role of MPOin leukocytes, the data indicate that alter-
native bactericidal mechanisms, effective in the absence
of MPO, are functionally dominant in the human neu-
trophil.

INTRODUCTION
Normal neutrophils contain the lysosomal enzyme mye-
loperoxidase (MPO) in amounts that may approximate
5% of their dry weight (2-4). First detected in pus over

a century ago (5), MPOhas since been purified and ex-

tensively studied (6, 7); however, its metabolic functions
are incompletely defined. The enzyme may protect neu-
trophils from the deleterious effects of hydrogen peroxide
(8), may participate in the oxidative catabolism of uric
acid (9), and may inactivate certain bacterial toxins
(10). Also, by participating in the oxidation of of re-
duced triphosphopyridine nucleotide, it has been sug-
gested as a regulator of the hexose monophosphate
shunt stimulation that follows particle ingestion by neu-
trophils (11, 12). Finally, substantial evidence suggests
that AMPOparticipates in the antibacterial activities of
the neutrophil (13-16).

This report describes a patient with disseminated can-

didiasis whose neutrophils and monocytes lacked MPO,
although his eosinophils and their precursors had peroxi-
dase activity. This pattern of peroxidase deficiency has
been reported previously in only three subjects, other-
wise normal, two of whom were brother and sister (17,
18). Morphologic, biochemical, and functional studies
on the leukocytes of the patient and available family
members confirmed the genetic nature of the defect,
clarified its mode of transmission, and allowed appraisal
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of some of the suggested biochemical and functional con-
tributions of MPOto the intracellular economy of the
neutrophil.

METHODS

Case report

C. J. B., a 49 yr old white man, was hospitalized at the
University of California Medical Center during a 4 wk pe-
riod in January-February 1968. In December 1964, he had
been admitted to a hospital elsewhere because of hemoptysis
and an infiltrate in the middle lobe of the right lung. The
lobe was excised and histologically showed acute and chronic
inflammatory changes without significant numbers of bac-
teria or fungi; no cultures were made. Diabetes mellitus
was detected, and treatment with oral hypoglycemic agents
was begun. In October 1967, he was admitted to a hospital
because of increasing fatigue, a gradual loss of 50 lb of
weight, and recent shoulder pain. A nontender subcutaneous
mass on his right scapula was biopsied and proved to be an
abscess overlying an osteomyelytic lesion. The biopsy speci-
mens grew Candida albicans in pure culture. In January
1968, he was referred to the Medical Center with a diagnosis
of suspected systemic candidiasis.

A review of the family history indicated that none of the
patient's relatives have had frequent or unusual infections.
His mother, a diabetic, had died of a brain neoplasm at
62 yr of age. His father, two sisters, and four sons are in
good health. There is no known consanguinity.

At the age of 6 yr, the patient had an episode of acute
polyarthritis, which lasted about a week. Diagnosed as acute
rheumatic fever and treated with bed rest, it resolved spon-
taneously and did not recur. At the age of 12, he lacerated a
finger while playing football; a subungual infection and
lymphangitis developed, which responded to local measures.
Aside from these illnesses, the usual childhood exanthemata,
and occasional upper respiratory infections, the patient had
been well and did not suffer from frequent or unusual in-
fections until the events of 1964 and 1967.

At the time of admission, the patient appeared chronically
ill. Temperature, blood pressure, and pulse were normal.
He had mild oral thrush, but his skin and nails appeared
normal. The biopsy incision had dehisced, and the tip of the
right scapula was visible beneath a large ulcer. On cardiac
examination a soft basal systolic murmur was audible. The
physical examination was otherwise unremarkable. X-ray
films of the chest showed evidence of prior lobectomy and
atelectasis and bronchiectasis of the upper lobe of the right
lung. Pulmonary function studies indicated moderate re-
strictive lung disease. No abnormalities were found by
bronchoscopic examination, lymphangiography, or percu-
taneous biopsy of liver and bone marrow.

The total leukocyte count was 16,500/mm3, with 64%
neutrophils, 19% lymphocytes, 12% monocytes, and 5%
eosinophils. Results of the following determinations were
within normal limits: hemoglobin, hematocrit, serum cre-
atinine, creatinine clearance, blood urea nitrogen, serum
electrolytes, uric acid, bilirubin, cephalin flocculation, pro-
thrombin time, and erythrocyte triiodothyronine uptake.
Fasting blood glucose levels ranged from 160 to 220 mg/100
ml. Sulfobromophthalein retention was 7% at 45 min. Se-
rum alkaline phosphatase was 7.6 Bodansky units; the acid
phosphatase level was normal. The serum total protein was
8.1 g/100 ml, with albumin 3.9 g, a1-globulin 0.32 g, a2-glob-
ulin 1.1 g, 8-globulin 1.3 g, and y-globulin 1.5 g/100 ml.

Serum immunoelectrophoresis showed a slight increase in
IgG, IgM, and IgA levels. Chromosomal studies of periph-
eral blood and bone marrow leukocytes (19) showed a
normal complement of 46 chromosomes; no abnormal chro-
mosomes or aneuploid cells were seen. C. albicans was iden-
tified in cultures of material from oral swabs and specimens
of stool, urine, and sputum. Cultures of blood, bronchial
washings, and biopsy specimens of liver and bone marrow
showed no growth.

A week after admission, a painful mass developed in the ex-
tensor muscles of the patient's left forearm. The mass was
incised and exuded yellow pus which grew C. albicans in
pure culture. Intravenous administration of amphotericin
B, 270 mg, over a 3 wk period resulted in complete healing
of the forearm abscess and partial healing of the scapular
ulcer.

The patient was discharged in February 1968 and seen
subsequently on an outpatient basis. He received 30 mg of
amphotericin B once a week for 5 months and then once
every other week for 3 months. In all, he received 1200 mg
of amphotericin without untoward effects. He has resumed
work, felt well, and regained 32 lb of weight; the diabetes
has remained under good control with oral hypoglycemic
agents. The scapular ulcer has healed completely, he no
longer has thrush, and periodic urine cultures have been
negative for C. albicanis. He is still being observed closely
for evidence of recurring infection.

Special studies
Skin tests and contact sensitization. Intradermal skin

tests were done with standard antigens. Dermatophytin-O
(Hollister-Stier Laboratories Inc., Spokane, Wash.) was
used for C. albicanzs testing. Hypersensitivity to 2,4-dini-
trochlorobenzene was tested 1 month after initial sensitiza-
tion by the method of Epstein (20).

Lymphocyte transformation. The response of lympho-
cytes in vitro to tetanus toxoid and Dermatophytin-O was
assessed by a previously described technique (21). Undi-
luted Dermatophytin-O, dialyzed overnight against saline
to remove the phenol preservative, was added to the cul-
tures in final dilutions of 1: 5 to 1: 150. After 5 days of in-
cubation, thymidine-'4C was added; the cultures were then
incubated for an additional 24 hr. The cells were harvested
and cell transformation and thymidine incorporation were
determined.

Electron microscopy. Peripheral blood leukocytes were
separated by dextran sedimentation and centrifugation (22)
fixed overnight in 3% distilled glutaraldehyde buffered to
pH 7.4 with sodium cacodylate, postfixed in 1% osmium
tetroxide (23), dehydrated in ethanol, and embedded in
Araldite (Ciba Products Co., Fair Lawn, N. J.) Ultrathin
sections were stained with uranyl acetate and lead citrate.
Electron micrographs were made with a Siemens Elmiskop
IA (Siemens Co., Karlsruhe, Germany).

Histochemical staining. Peripheral blood and bone mar-
row preparations were stained for alkaline phosphatase by
the method of Climie, Heinrichs, and Foster (24) and for
acid phosphatase by the method of Gomori, as described by
Pearse (25). Staining with Sudan black B and periodic acid-
Schiff (PAS) was done by standard techniques (25). Stain-
ing for peroxidase was done by the method of Goodpasture,
as modified by Beacom (26).

Biochemical enzyme determinations. Leukocytes were
separated from heparinized venous blood by dextran sedi-
mentation, and the red cells were removed by differential
hypotonic lysis (27). The cells were washed in phosphate-
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FIGURE 1 Patient's polymorphonuclear leukocyte. The granules (G) appear normal in number
and configuration. N, nucleus. x 30,400.

buffered saline and homogenized for 60 sec in 0.01 M ace-
tate buffer, pH 3.8. The homogenate was centrifuged at
20,000 g for 20 min. The supernatant fraction was assayed
for lysozyme, cathepsin, and ribonuclease by the method of
Cohn and Hirsch (28) and for MPOby a modification of
the method of Klebanoff (29), with o-anisidine as substrate.
D-amino acid oxidase (DAAO) activity was measured by a
previously described technique (30). Protein concentrations
were determined by the method of Lowry, Rosebrough,
Farr, and Randall (31).

Metabolic studies. Leukocytes were separated by dextran
sedimentation and freed of red cells as described above.
The cells were suspended in Eagle's minimal essential me-
dium containing 20% AB serum at a concentration of 2 X
107/ml. Production of 14CO2 from glucose-l-14C and the_ in-
corporation of uridine-3H into ribonucleic acid (RNA) of
resting and phagocytic leukocytes was determined as de-
scribed previously (32), utilizing polystyrene particles (1 3 A
in diameter, 1 mg/ml). Leukocyte oxygen consumption be-
fore and after the addition of the test particles was mea-
sured at 370C in a Gilson model KMoxygraph with a Clark
electrode (Yellow Springs Instrument Co., Inc., Yellow
Springs, Ohio) calibrated against the air-saturated suspen0-
ing medium. Studies were terminated 30 min after the addi-
tion of the test particles unless otherwise noted.

Leukocyte mobilization. Leukocyte migration was studied
by the procedure of Rebuck and Crowley (33).

Candida serology. Serum from the patient and from 10
normal control subjects was tested for the presence of ag-
glutinins to C. albicanis B311 as described by Preisler, Hasen-
clever, Levitan, and Henderson (34).

Phagocytosis axzd microbicidal activity. Strains of C. al-
bicans, C. stcllatoidca, C. tropicalis, C. krusei, Geotrichwim
candidum, Saccharoniyces cerezisiac, and a Rhodotorula spe-
cies were maintained on Sabouraud's 2% dextrose agar slants.
Fungi to be used in phagocytic or candidacidal assays were
inoculated into Sabouraud's 2% dextrose broth, cultured for
3-7 days at 33°C, washed with Hanks' balanced salt solu-
tion (BSS), and counted with a hemocytometer. Leuko-
cytes obtained by sedimenting heparinized venous blood
with dextran (22) were washed twice with BSS containing
20% fetal calf serum and 5 USP units of heparin per ml and
then counted in a hemocytometer. For assessment of phago-
cytosis, equal numbers of neutrophils and fungi, 2.5 X 10'.
were suspended in 1 ml of BSS containing 25% normal AP,
serum and incubated in rotating (30 rpm) polyethylene tubes
at 37'C. Samples of the incubation mixtures were taken at
intervals, prepared on glass slides in a Shandon cytocentri-
fuge (Shandon Scientific Company, Ltd., Willesden, Lon-
don), fixed with methanol, and stained with Wright's or
Giemsa's stain. Leukocyte candidacidal activity was assayed
by a differential staining technique employing 2 X 10-' At
methylene blue to discriminate between viable and nonviable
Candida (35).
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FIGURE 3 Biochemically determined enzyme activity of homogenates of leukocytes from normal
subjects, myeloperoxidase-deficient patient C. J. B (closed square), his wife (open circle), and
sons (half-opened and half-closed rectangles). Number of normal subjects studied is shown in
parentheses. PMN, polymorphonuclear neutrophilic leukocytes.

Bactericidal activity was measured' by a slight modifica-
tion of the method of Hirsch and Strauss (36). Staphylo-
COCCIlS aureus 502A and a chromogenic strain of Serratia
nmarcescens were grown for 18 hr at 370C in nutrient broth,2
washed twice with bicarbonate-free BSS containing 0.1%

gelatin (BSS-gel), and diluted to an appropriate optical
density in BSS-gel. The final assay mixture contained 8%
fresh-frozen normal AB serum, 5 X 108 neutrophils, and
from 0.5 to 1.0 X 108 colony-forming bacterial units in 1 ml
of BSS. The mixtures, in small polyethylene tubes, were
incubated at 370C with rotation (30 rpm). At intervals, six
to eight replicate samples were taken, diluted with distilled
water containing 0.01 human serum albumin, and plated
on Trypticase soy agar (Baltimore Biological Labora-
tories, Baltimore, Md.). Neither test organism was killed
by BSS-serum controls.

In additional studies, cultures of C. albicanis or Escheri-
chia coli ATCC-1175 were washed twice with BSS-gel,
incubated with the patient's leukocytes for 30 min at 370C,
and prepared for electron microscopy as described.

RESULTS

Immunologic studies
The patient could manifest delayed hypersensitivity, as

indicated by positive reactions to skin tests with mumps
antigen and Dermatophytin-O. Skin tests for histoplas-
min, coccidioidin, and tuberculosis (PPD) were nega-
tive. Dinitrochlorobenzene challenge 1 month after the
initial sensitization elicited a positive reaction. The pa-
tient's serum contained agglutinins to C. albicans B311
at a titer of 1: 64, in contrast to 10 normal control sera

whose agglutinin titers were 1: 16 or less. 2 wk after
immunization with typhoid-paratyphoid vaccine, the pa-

1 In collaboration with Dr. Jon Hanifin, Division of
Dermatology, Department of Medicine, University of Cali-
fornia Medical Center, San Francisco, Calif.

2Bacto Tryptic Soy Broth, Difco Laboratories, Inc.,
Detroit, Mich.

tient's serum antibody titer against Salmtonella H, ini-
tially positive at 1:40, was 1:160, and titers against
Salmonella 0 and paratyphoid A and B, initially nega-

tive, were positive at 1: 160.
Lymphocyte transformation increased normally in

response to tetanus toxoid and to Dermatophytin-O in
vitro. Dermatophytin-O, in a dilution of 1: 15, resulted
in morphologic transformation of 11% of the patient's
lymphocytes, compared with a mean of less than 4% in
unstimulated control cultures; thymidine incorporation
was 365 dpm/3 X 106 cells, compared with 47 dpm in
the control cultures.

Morphologic studies

Structure. No morphologic abnormalities were seen

in the patient's neutrophils by light microscopic exami-
nation of Romanowsky-stained preparations or by direct
phase microscopy. By electron microscopy, nuclear con-

figuration and cytoplasmic morphology appeared nor-

mal, and granules were normal in number, size, shape,
and density (Fig. 1).

Histochemistry. Alkaline phosphatase, acid phospha-
tase, PAS, and Sudan black B stains of the patient's
peripheral blood were indistinguishable from similarly
stained preparations of normal cells. No peroxidase was

demonstrable in his neutrophils and monocytes, al-
though eosinophils and their bone marrow precursors

had abundant peroxidase activity (Fig. 2).

Biochemical studies

The results of biochemical enzyme determinations on

homogenates of leukocytes from the patient and normal
subjects are compared in Fig. 3. As shown, the patient's
cells had normal levels of lysozyme, ribonuclease, and

1482 R. I. Lehrer and M. J. Cline
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FIGURE 4 Patient's polymorphonuclear leukocyte incubated 30 mmn zeith Escherichia ccli.
Multiple bacteria (B) are contained within a large phagocytic vacuole adjacent to the nucleus
(N). Several granules are seen within a smaller phagocytic vacuole (arrow) containing a
single bacterium. Cytoplasmic granules are decreased in number as compared with his
nonphagocytic neutrophils. x 17,100.

cathepsin. The DAAO activity of his leukocytes was
2.73 X 10- /4moles of 02 per sec per mg protein (normal,
0.7-5.3 X 10' Amoles). The peroxidase activity of ho-
mogenates of his leukocytes, however, was less than 5%
of the mean normal level, a finding compatible with the
3-6% eosinophil contamination of the leukocyte prepa-
rations.

The metabolic response to phagocytosis of polystyrene
particles was determined in studies on leukocytes from
the patient and from eight normal subjects. The patient's
cells responded to particle ingestion by increasing their
rate of oxygen consumption to 227% of their basal rate
(normal, 243 ±33% of basal oxygen consumption). Af-
ter phagocytosis, oxidation of glucose-1-'4C increased to
850% of control levels (normal, 1540 ±390% of con-
trol levels), and incorporation of uridine-3H increased
to 232% of control levels (normal 184 ±21% of control
levels).

Functional studies

Migration of the patient's leukocytes into a "Rebuck
skin window" occurred normally.

The patient's leukocytes phagocytized all Candida
species tested, as well as G. candidumt, S. cerevisiae,
and Rhodotorula, as rapidly and as completely as nor-
mal control cells, ingesting all added organisms within
15 min. Phagocytosis was associated with normal vacu-
ole formation as assessed by examination of stained
smears and by direct phase microscopy. The occurrence
of vacuole formation and degranulation after phagocyto-
sis of E. coli (Figs. 4 and 5) and C. albicans (Fig. 6)
was confirmed by electron microscopy.

The results of candidacidal assays on leukocytes from
the patient and normal control subjects are compared in
Table I. With the assay system employed, normal neu-
trophils kill 30.5 ±7.3% of ingested C. albicaiis in 1 hr;
extending the incubation period to 3 hr does not result
in increased killing (1, 35). In 11 determinations with

Leukocyte Myeloperoxidase 1483
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FIGURE 5 Higher magnification of phagocytized bacteria (B ) within patient's polymorpho-
nuclear leukocyte. The arrows indicate lysosomal granules adjacent to and within the phago-
cytic vacuole. X 42,500.

autologous serum or serum from each of four normal
AB donors, the patient's neutrophils killed only 0.1 +
0.2% of ingested C. albicans at 1 hr, and little or no
additional killing was observed after 3 hr.3 Similar re-
sults were obtained in assays with the four other strains
of Candida tested, including the strain of C. albicans re-
covered from the patient's abscess (Table I). Normal
cells assayed in the patient's serum were able to phago-
cytize and kill Candida normally.

The bactericidal activity of leukocytes from the pa-
tient and normal control subjects is compared in Table
II. For studies made between April and June 1968, blood
was obtained just before the administration of his weekly
dose of amphotericin B. Thle studies of March 1969

3 C. albicans, when incubated in BSS containing serum,
forms pseudo-germ tubes after 90-120 min, making it vir-
tually impossible to do precise microscopy and differential
counting. This problem can be circumvented by using
C. tropicalis, which remains in yeast phase during the incuba-
tion. In a study with C. tropicalis, the patient's cells killed
1.3% of the ingested organisms after 3 hr.

were performed 4 months after the coml)letion of anipho-
tericin B therapy. All the assays gave comparable re-
sults. The patient's MPO-deficient leukocytes killed
S. rnarcesccns and S. aureus 502A at an abnormally
slow rate, requiring 3-4 hr to accomplish the extent of
killing attained by normal leukocytes after 45 mnm.
Phagocytosis of both organisms, as judged by examina-
tion of stained smears of incubation mixtures with vary-
ing bacteria: neutrophil ratios, occurred in a comparable
manner in MPO-deficient and normal human leukocvtes.
Differential centrifugation studies revealed that over
90% of the organisms added to the patient's leukocytes
were cell associated within 15 min. The intracellutlar
location of a major fraction of the cell-associated Scr-
ratia was confirmed by the ability of the organism to re-
sist an antibiotic exposure (50 Ag of streptomycin and
50 U of penicillin G per ml for 10 min) which reduced
the viable count of extracellular organisms over 100-
fold.'

'Lehrer, R. I., J. Hanifin, and M. J. Cline. Unpublished
observations.
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FIGURE 6 Patient's polymorphonuclear leukocyte 30 min after incubation with Candida albicans.
The thick-walled Candida (C) are within phagocytic vacuoles containing electron-opaque
material derived from the leukocyte. The arrow indicates a lysosomal granule entering the
vacuole. N, nucleus. X 51,300.

Family studies
Leukocytes from three of the patient's four sons were

assayed with the test strain of C. albicans and showed
normal candidacidal activity. The peroxidase activity of
homogenates of leukocytes from the four sons ranged
from 22 to 38% of the mean normal level. By histochemi-
cal staining, the neutrophils of all four showed a uniform
distribution of peroxidase activity. Leukocyte lysozyme
and ribonuclease levels were normal in all family mem-
bers tested (Fig. 3).

The peroxidase activity of leukocytes from the pa-
tient's two sisters and his father was determined by his-
tochemical staining only. Stained smears of the periph-
eral blood of one sister were indistinguishable from
those of the patient; peroxidase activity wvas not present
in her neutrophils and monocytes but was present in her
eosinophils. Peroxidase was histochemically demon-
strable in the neutrophils and monocytes of the father
and the other sister. Confirmation that they, like the

four sons, are heterozygous must await biochemiical
measurements of peroxidase activity.

TABLE I
Candidacidal Activity of Mlyeloperoxidase (MPO)-Deficient
Leukocytes fronm Patient C. J. B. and Normal Leukocytes

Per cent of ingested Candida killed in 1 lir

MPO-deficient Normal
Organism leukocytes leukocytes

Candida albicans 0.1 ±0.2 (11)* 30.5 +-7.3 (0')()*
C. albicans, 0 43.9

recovered from
patient's lesions

C. stellatoidea 0 25.5
C. tropicalis 0 25.8
C. krusei 2.0 48.3

* Results are given as the mean 41 SD of the mean; numbers
in parentheses refer to number of studies on patient's leuko-
cytes or number of different normal subjects studied.

Leukocyte AMyeloperoxidase 14S5



TABLE I I
Bactericidal Activity of Normal and AMyeloperoxidase-Deficient Leukocytes (Patient C. J. B.)*

Per cent reduction in colony count at

Leukocyte donor Dates of studies Bacteria tested 45 min 90 min 180 min 240 min

Normal subjects April-June 1968 Serratia 96.7 +1.6 (5) 99.3 (2) NT NT
marcescens

C. J. B. S. marcescens 41.7 +t10.3 (5) 76.1 +7.6 (3) 96.9 +-1.2 (3) NT
Normal subjects March 1969 S. marcescens 98.9 (1) 99.5 (1) 99.9 (1) 99.8 (1)
C. J. B. S. marcescens 56.6 (1) 75.3 (1) 93.4 (1) 94.7 (1)
Normal subjects April-June 1968 Staphylococcus 91.8 42.2 (4) 93.0 (1) NT NT

aureus 502A
C. J. B. S. aureus 502A 36.0 +9.1 (5) 43.6 +9.7 (3) 79.7 (2) 91.8 (2)

* These results are expressed as the per cent reduction of initial colony counts at the specified time. The figure in parentheses
indicates either the number of normal subjects or the number of experiments with C. J. B.'s leukocytes. When three or more
experiments were performed, data are expressed as mean +SEM. When two experiments were performed, the arithmetic meai
is shown. NT signifies not tested.

DISCUSSION

In this report, we describe a patient whose normally
phagocytic neutrophils could kill neither the strain of
C. albicants recovered from his lesions nor several other
Candida species. These functionally defective neutro-
phils lacked the lysosomal enzyme MPO.

The presence of peroxidase activity in the patient's
eosinophils, despite its complete absence in his neutro-
phils and monocytes, suggests that eosinophil peroxidase
(EPO) and MPOare under separate genetic control
in man. This inference is strengthened by the fact that,
unlike neutrophils, the eosinophils of several mammalian
species lack peroxidase (4, 37). Other observations sug-
gest that EPO and MPOdiffer in chemical structure
(38, 39). In recent immunologic and spectrophotometric
investigations,5 we found normal EPO and MIPO to be
immunologically distinct and demonstrated that our
patient's neutrophils also lack MPOdetectable by these
analytic techniques. The family studies reported here,
as well as histochemical observation in family members
of the three subjects with hereditary MPOdeficiency
(17, 18), support an autosomal recessive mode of trans-
mission for this condition.

Systemic candidiasis is representative of those op-
portunistic mycoses that may occur as a complication
of major underlying disorders such as leukemia (40)
or lymphoma (41, 42). Often the affected patients have
been leukopenic or have received antibiotic, immuno-
suppressive, or cytotoxic therapy (40, 43, 44). Our pa-
tient had taken no drugs other than tolbutamide, pre-
scribed for asymptomatic adult-onset diabetes mellitus.
Despite intensive physical, laboratory, and radiologic
examinations performed during his initial hospitalization

'Salmon, S., J. Schultz, M. J. Cline, and R. I. Lehrer.
Unpublished observations.

and the ensuing 14 months of study and treatment, we
have detected no other disorder. We found no abnor-
malities other than MPOdeficiency either in our pa-
tient's neutrophils or in his cellular and humoral im-
mune responses. Did the Candida infection result from
a specific susceptibility engendered by lack of leukocyte
MPO? This question cannot be answered definitively
until all the factors involved in resistance to systemic
candidiasis are known. That the simultaneous occur-
rence of systemic candidiasis, defective neutrophil can-
didacidal activity, and hereditary MPOdeficiency was
on the basis of chance alone, however, seems unlikely.

MPOhas been demonstrated to exert bactericidal (14,
15) and candidacidal (45) activity in the presence of
hydrogen peroxide and suitable halides. Conditions in-
hibitory to the function of MPOhave been shown to in-
duce bactericidal and candidacidal defects in normal
neutrophils (1, 16). On the basis of these observations,
we believe that the deficient candidacidal activity of
our patient's neutrophils was attributable to their defi-
ciency of MPO.

The ability of our patient to escape significant bac-
terial infection for over four decades, the continued well
being of his sister and the reported good health of the
three previously described subjects with MPOdeficiency
(17, 18) seem incompatible with suggestions that MPO

is the major mediator of neutrophil bactericidal func-
tion in man. Our patient's MPO-deficient cells killed
S. aureus 502A and S. inarcescens at distinctly sub-
normal rates; however, killing of the ingested bacteria
eventually approached completion.6 These observations
indicate the presence of alternative bactericidal mecha-
nisms effective in the absence of MPOand suggest that

'Lehrer, R. I., J. Hanifin, and M. J. Cline. Defective
bactericidal activity in myeloperoxidase-deficient human neu-
trophils. Nature (London). In press.

1486 R. I. Lehrer and M. J. Cline



AIPO mav serve an ancillary role in intracellular bac-
tericidal events in the human neutrophil. Additional
studies of the bactericidal activity of our patient's neu-
trophils will be presented elsewhere.6

Relatively little is known of the fungicidal arma-
ments of mammalian leukocytes. Zeya and Spitznagel
(46) have isolated a family of cationic proteins with
bactericidal and candidacidal activity from guinea pig
and rabbit neutrophils. Our data suggest that MPOmay
be the major determinant of candidacidal activity in the
human neutrophil. Occasional reports have associated
leukocyte peroxidase deficiencies with other disorders
(47-50). With time it should be possible to evaluate the
relative significance of hereditary _MPO deficiency as a
predisposing cause of systemic candidiasis or other in-
fections in man.
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