
A method has been developed to assay radio
metrically leucocyte@ @CO, production during
phagocytosis of latex particles for the detection

of chronic granulonuxtous disease, associated
with an hereditable deject in bactericidal ac
tivity of leukocytes. Patients studied were from
two affected families, with demonstration of the
defect both by the radiometric assay and other
methods used to measure oxidative metabolism.

Radiometric detectors for â€˜4CO2such as the Bac
Tec (Johnson Laboratories, Cockeysville, Md.
21030) have been used successfully to screen blood
cultures for bacterial growth (1). The method, based
on measurement of 14CO2produced by the multiply
ing bacteria from metabolism of 14C-glucose, has
been automated to allow processing of large num
bers of cultures in the microbiology laboratory.

Leukocytes in the inoculum of whole blood being
cultured also produce considerable CO2 during pha
gocytosis (2) from glucose by the hexose mono

phosphate shunt (HMS). An exception to this is
the leukocyte from patients with chronic granuloma
tous disease (CGD)â€”an hereditable defect of intra
cellular bactericidal activity of phagocytic cells that
fail to show stimulation of HMS activity with particle
ingestion (3). We previously reported that this re
action may be used to screen for CGD using whole

blood as a source of leukocytes, latex spherules as
a phagocytic stimulus, and liquid scintillation spec
trometry for measurement of 14CO2 that had been

trapped in hyamine hydroxide (4).
Because most investigations of leukocyte function

are time consuming and frequently require separation
of the phagocytic cells first, only limited numbers of
samples can reasonably be studied. Research interest

in the disorders of phagocytic cells in no way reflects

the number of known cases (5â€”7). In fact, there are
no estimates of the incidence of CGD or similar dis

orders in the general population because mass screen
ing is precluded by current methodology. It occurred
to us that adaptation of this isotopic study assessing

HMS activity of leukocytes during phagocytosis (4)
to the simplified instrumentation of the BacTec might

allow automation and thereby remove a major im

pediment to such investigations. We herein report
the successful use of the BacTec to study leukocyte
function. An additional objective of the study was
to determine whether false-positive bacteremia might
be suggested by leukocyte metabolism of the labeled
glucose in the blood culture system.

MATERIALS AND METHODS

Flasks containing 0.25 @@Ciof 1-14C-glucose, 0.2 cc
latex particles (Bacto-latex, 0.8 1@ diam, Difco, Dc
troit) or an equal volume of Hank's balanced salt
solution, were capped with a rubber serum stopper
and stored in the refrigerator. To perform the test,
1 cc of heparinized ( 10 n/mi) whole blood was
injected through the stopper into each of a pair
of flasks, one with latex (phagocytizing) and one
without (resting). Following 1 hr of incubation with
shaking at 37Â°C, â€˜4C02 production was measured

directly on a BacTec-301 , a smaller manual ver
sion of the automated instrument. The flask was
connected to the detector by a needle assembly

inserted through the serum stopper into the gas
phase. By activating the instrument, the circuitry
was automatically balancedâ€”the â€˜4C02containing
air phase was flushed from the flask into an ionization

chamber, and the flow of current due to fi disintegra
tion was displayed on a meter scaled from 0 to 100.
The process was completed in less than 5 mm for
a pair of flasks.

ReceivedJan. 29, 1973;original accepted Feb. 23, 1973.
For reprints contact : Gerald Keusch, Div. of Infectious

Disease and Laboratory of Cellular Immunology, Dept. of
Medicine, Mt. Sinai Hospital, Fifth Ave. and 100th St.,
New York, N.Y. 10029.

Volume 14, Number 8 591

jIIIn/CONCISE COMMUNICATION

RADIOMETRICSCREENINGTESTFOR CHRONICGRANULOMATOUSDISEASE

Gerald T. Keuschand StevenD. Douglas

Mount Sinai School of Medicine, New York, New York



Percentpolyanethol
sulfonote (v/v)Baclecreadings'RestingPhagocytizing

0 7

the level of PAS in blood culture bottles, 0.05%,
white cell activity was significantly impaired.

Two families with three known male COD chil
3.6@ dren were screened with the BacTec (Fig. 3 ) . The

:@ diagnosis was established in all cases by means

@ of the quantitative NBT test and assays of intra
2.7 E cellular bactericidal activity. Results of the radio

@ metric (BacTec) assay compared favorably with the
@ .8 â€¢@ liquid scintillation (P/R) assay of HMS activity and

@ effectively discriminated COD from normal samples.
0 9 Presumed heterozygote mothers and one clinically

. c@ well sister of a COD boy were not clearly segregated

@) by the BacTec, although there was a suggestion of

0 this in one family. However, neither NBT nor bac

tericidal assays can consistently discriminate these
subjects, and the problem of screening for such sub
jects remains unsolved.

One subject with severe Mediterranean type glu
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FIG. 1. Carbon-14O@productionby leukocytesin wholeblood
under resting (open circles) and phagocytizing (closed circles) con
ditions measured with BacTec radiometric detector.

The phagocytizing/resting (P/R) ratio of 14CO2
production determined by liquid scintillation spec
trometry, the quantitative nitrobluetetrazolium (NBT)
dye reduction test, and assays of intracellular killing

were determined as previously reported (4,8).

RESULTS

Little â€˜4C02production was detected in the resting
samples, irrespective of the number of phagocytic
cells contained in the 1 cc inoculum of whole blood
over a wide range (Fig. 1) . In the companion flask
containing latex, readings were higher and dependent
on the number of cells added. When at least 10Â°
phagocytes were present, BacTec readings were all
above 30, and the stimulation due to phagocytosis
was readily discernible. Most CO2 production oc
curred during the first hour of incubation and
markedly diminished over the subsequent 2 hr (Fig.
2). Uniformly labeled glucose could be substituted for
specific 1-14C-glucose;however, more isotope was
required, thus offsetting the advantage of lesser cost

for the former isotope.
BacTec blood culture flasks contain media and,

in place of heparin, polyanethol sulfonate (PAS), a
polyanionic anticoagulant. This material is reported
to inhibit phagocytosis thereby reducing intracellular
killing of bacteria and increasing the chances for
positive cultures (9) . PAS is also reported to affect
leukocyte HMS activity (10). Varying concentra
tions of PAS were therefore added to heparinized
whole blood, and HMS metabolism was assessed as
described previously (Table 1 ) . There was a dose
related effect with obliteration of the phagocytic

HMS stimulation at high concentrations of PAS and
elevated resting levels at lower concentrations. At
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FIG. 2. Hourlyincrementsin â€˜4C02productionby leukocytes
in whole blood under resting (open symbols) and phagocytizing
(closed symbols) conditions. Uniformly labeled â€˜4C-glucoseis me
tabolized to CO, during phagocytosis similar to 1-â€˜4C-glucose;
however, considerablymore of uniformly labeled isotope is required
for comparable results.

TABLE 1. EFFECTOF POLYANETHOL SULFONATE
ON PHAGOCYTOSIS STIMULATED HMS ACTIVITY

49
40
41
15
11

9

14

7

0.0005
0.005
0.05
0.5

* Mean of three experiments.
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LEUKOCYTEFUNCTIONSTUDIESIN TWO FAMILIES
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CO2 production during phagocytosis is also quite
different from the delayed, sustained metabolic ac
tivity during bacterial growth.

The assay system also works with newborn leuko
cytes present in cord blood. Because of the neutro
philia in these samples, less than 1 cc per assay vial
appears to be adequate. Thus, with a small cord
blood sample, newbornscan easily be screenedfor
COD-like defects. We do not now know that the
COD defect will be present at birth or what effect
fetal maturity or infection will have on the newborns'
leukocytes. Prospective studies will be necessary to
answer these questions. If, however, the cord leuko
cytes of newborns with COD are indeed abnormal,
then the simplicity of the present method will permit
continuing prospective analysis of the incidence of
this inherited disease in the general population. More
importantly it will allow initiation of treatment soon
after birth.
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pares favorably with other methods to
measure oxidative metabolism directly
(P/R) or indirectly (NBT dye reduction test)
as screen for CGD cells.

cose-6-phosphate dehydrogenase deficiency was stud
ied to be certain that leukocyte enzyme in these
subjects would not be rate limiting. There was a
marked increase in CO2 production during phago
cytosis in this sample that indicates that the more
common erythrocyte 06-PD deficiency would not
be confused with the rare total leukocyte 06-PD
deficiency state ( 11 ) , in which HMS activity during
phagocytosis is markedly impaired.

Finally, cord blood samples were obtained from
20 full-term apparently healthy newborns and HMS
studied by the radiometric method. Total leukocyte
counts were elevated (mean count 14,800/mm3)
with a predominance of polymorphonuclear leuko
cytes (83 % ) . The CO2 production increased during
phagocytosis, similar to normal adults.

DISCUSSION

This study shows that CO2 production by phago
cytizing leukocytes can be assayed with the BacTec
radiometric detector. The technique described for
measurement of this single parameter of leukocyte
function is extremely simple, requiring only injection
of 1 cc of whole blood into each of a pair of prepared
vials. Results are obtained 1 hr later without further
manipulation. Thus far, only samples from three
children with proven COD have failed to show in
creased CO2 production with addition of latex par
tides as a phagocytic stimulus.

Because PAS inhibits phagocytosis and its meta
bolic concomitants, including HMS activity measured
with the BacTec, use of this anticoagulant in the
blood culture system prevents leukocyte release of
CO2, which might falsely signify the presence of
bacteremia. The early rise and decline of leukocyte
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