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The addition of hydrogen peroxide to blood contained in liquid culture medium increased the dissolved-02
partial pressure in direct proportion to the volume injected. The effect of hydrogen peroxide on the growth of
subcultured clinical isolates of Candida albicans, Cryptococcus neoformans, Torulopsis glabrata, and other
yeasts and on the growth of blood culture isolates of representative pathogenic bacteria was compared with its
effect on their growth in vented and unvented stationary bottles. C. albicans and C. neoformans grew
significantly better in bottles to which hydrogen peroxide had been added than in vented or unvented bottles.
The advantage of hydrogen peroxide over venting was most marked with several slowly growing strains.
Similar results were obtained in shaker cultures with strains of C. albicans which were inoculated directly from
positive blood cultures. The effect of hydrogen peroxide tended to diminish during serial passage. T. glabrata
grew less well when hydrogen peroxide was added, perhaps because of the absence of oxidase. The growth of
Staphylococcus aureus, Pseudomonas aeruginosa, and Enterococcus faecalis was not significantly inhibited or
augmented by the addition of hydrogen peroxide. The growth of Escherichia coli was inhibited slightly. The
value of the addition of hydrogen peroxide to blood cultures to improve the isolation of yeasts needs to be
established by a clinical trial which would compare this method with established methods.

Disseminated candidiasis is a major cause of morbidity
and mortality in patients with neutropenia, hematologic
malignancies, long-term indwelling intravascular devices,
and intensive antimicrobial therapy (4-6, 9, 26). The fre-
quency of infections with Cryptococcus neoformans has
increased in immunocompromised patients, particularly
those with AIDS (10). Antemortem blood cultures may be
negative in patients found at autopsy to have deep-seated
candidiasis (23).

Several methods have been devised to improve the isola-
tion of Candida, Cryptococcus, and other yeasts from the
blood. These include the venting and shaking of blood
culture bottles to improve oxygenation (11, 13, 16, 18-21,
23-25), improving the growth media (18), and using biphasic
culture systems (2, 17), radiometric methods (3, 16, 17, 24,
25), and lysis-centrifugation (1, 3, 7). Nonculture methods
have also been introduced to improve the diagnosis (15, 27).
We have devised a method for delivering high concentra-

tions of oxygen to closed liquid blood culture systems by
adding hydrogen peroxide. Catalase, which is present in
erythrocytes, rapidly breaks down the hydrogen peroxide to
oxygen and water. The hemoglobin becomes oxygenated
and may serve as a continuous source of oxygen. This report
describes the enhanced growth of some clinical isolates of C.
albicans and C. neoformans but not of Torulopsis glabrata
or other yeasts by the addition of hydrogen peroxide to
simulated blood culture bottles.

MATERIALS AND METHODS

Microorganisms. Blood culture isolates of C. albicans,
Staphylococcus aureus, Escherichia coli, Pseudomonas
aeruginosa, and Enterococcus faecalis were obtained from
the Ohio State University Hospitals. C. neoformans, T.

* Corresponding author.
t Present address: G. H. Besselaar Associates, Princeton, NJ

08640-6681.

glabrata, and other yeasts were isolated from a variety of
sources, including blood, cerebrospinal fluid, and urine. The
initial studies were conducted with strains which had been
passaged several times on solid media. These strains were
subcultured on sheep blood agar plates. A single colony was
transferred to Trypticase soy broth and incubated overnight
at 37°C. In subsequent studies, yeasts were subcultured
directly, without passage, from positive clinical blood cul-
ture bottles into the simulated blood culture system.

Simulated blood culture methods. Five-milliliter samples of
human blood were added to replicate bottles which con-
tained 50 ml of BBL brain heart infusion broth with p-ami-
nobenzoate, C02, and SPS (Becton Dickinson Microbiology
Systems, Cockeysville, Md.). One bottle was left unvented,
one was vented continuously with an ECB vent subunit
(Difco Laboratories, Detroit, Mich.), and one received hy-
drogen peroxide. Fresh blood used in the initial experiments
was obtained from volunteers; thereafter, outdated Ameri-
can Red Cross blood was used. The inoculum size for
subcultured strains was estimated by using McFarland stan-
dards and confirmed by plating serial dilutions. The inocu-
lum size for strains isolated directly from positive blood
cultures was estimated by Gram stain and confirmed by
plating serial dilutions. It was found that one colony per
high-power field (magnification, x1,000) was equivalent to
about 105 CFU/ml. Two sets of inocula differing by 10-fold
were used in each experiment. Results are reported for
bottles which contained inocula of 50 CFU or less. Hydro-
gen peroxide was added as 1 ml of a 3% solution (Cumber-
land-Swan, Inc., Smyrna, Tenn.) except where stated oth-
erwise. A fresh bottle was used in each experiment. Partial
02 pressure (PO2) in blood culture bottles was measured
with a Blood Microsystem (BMS 3, MK2; Radiometer,
Copenhagen, Denmark). The microorganisms were added
immediately after the hydrogen peroxide unless stated oth-
erwise. The bottles were incubated as stationary cultures or
were shaken at 100 cycles/min in a Versa Bath (model 236;
Fisher, Malvern, Pa.) at 30 to 32°C. Aliquots were subcul-
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FIG. 1. Effect of the addition of hydrogen peroxide on the P02

(dissolved oxygen) in simulated blood culture bottles in which 5 ml
of human blood was added to 50 ml of medium.

tured by serial dilution onto Trypticase soy agar plates at 12,
24, 48, and 72 h. Colonies were counted after 48 h of
incubation at 30 to 32°C. Catalase activity was determined
by the direct addition of hydrogen peroxide to colonies.
Tetramethyl-p-phenylalanine reagent (Marion Scientific,
Kansas City, Mo.) was used to test for oxidase. Statistical
analysis was conducted by using Wilcoxon's signed rank test
(12).

RESULTS

Concentrations of oxygen obtained after addition of hydro-
gen peroxide to blood culture bottles. There was a rapid
evolution of gas and an immediate change of color from dark
to bright red after hydrogen peroxide was added to bottles
containing blood. The bubbles soon disappeared, but the
blood remained bright red for several weeks. Measurements
of the P02 in the media of bottles which were unvented,
which were vented for 4 h, and to which hydrogen peroxide
had been added are shown in Fig. 1. There was a linear
relation between the volume of hydrogen peroxide added
and the P02. The P02 in vented bottles was about the same
as that obtained with 0.5 ml of hydrogen peroxide.

Effects of volume and timing of addition of hydrogen
peroxide and the source of human blood on growth of yeasts
and bacteria in simulated blood culture bottles. Preliminary
studies were conducted to determine the optimal conditions
for the growth of the microorganisms. A volume of 1 or 2 ml
of hydrogen peroxide was found to be about equally effective
in enhancing the growth of C. albicans and C. neoformans
and did not significantly inhibit the growth of the bacteria.
For example, at 24 h of incubation, in simulated blood
culture bottles containing 1 or 2 ml of hydrogen peroxide, the
mean concentrations of eight strains of C. albicans were 1.2
x 106 and 1.5 x 106 CFU/ml, respectively, and the mean

concentrations of 11 strains of C. neoformans were 236 and
175 CFU/ml, respectively. Smaller volumes (0.5 ml) of
hydrogen peroxide were not as effective. Larger volumes (3

or 4 ml) reduced growth by about half.
The growth of clinical isolates of S. aureus, P. aeruginosa,

TABLE 1. Growth of 14 blood culture isolates of C. albicans in
stationary simulated blood culture bottlesa

Concn (CFU/ml) of 24-h subcultures
Inoculum In In Concn with

(CFU) In In With H202/concn inunvented vented H202b vented bottles
bottles bottles 2 v

25 17 3,000 260,000 86.7
6 25 2,700 290,000 107.4
8 60 60,000 16,000 0.3c
3 570 16,550 760,000 45.9
8 30,000 210,000 820,000 3.9
1 260 94,000 767,000 8.2

18 15,500 292,500 654,500 2.2
13 8,500 160,000 600,000 3.8
9 620,000 1,400,000 1,100,000 0.8
19 3 10 34 3.4d
5 67,000 640,000 750,000 1.2

18 430,000 1,600,000 2,000,000 1.3
10 450,000 770,000 790,000 1.0
14 2,600,000 4,500,000 4,100,000 0.9

For all isolates, growth in vented bottles and in bottles with H202 was
greater than growth in unvented bottles (P < 0.01 by Wilcoxon's signed rank
test). Growth in bottles with H202 was greater than growth in vented bottles
for 10 isolates (71.4%) (P < 0.05).

b One milliliter of a 3% solution was added to each bottle.
' The ratio was 16.5 with an inoculum of 80 CFU.
d The ratio was 1.6 at 48 h.

and E. faecalis was not inhibited or enhanced by the addition
of 1 or 2 ml of hydrogen peroxide. A strain of E. coli was
inhibited by the addition of hydrogen peroxide by about a
factor of 1 log1o. Nevertheless, the growth of this organism
was rapid in the presence of hydrogen peroxide. For exam-
ple, after 12 h, an inoculum of 52 CFU of E. coli reached a
concentration of 106 CFU/ml in the presence of hydrogen
peroxide compared with 107 CFU/ml in the absence of
hydrogen peroxide.
There was no difference in the growth of the yeasts or

bacteria when hydrogen peroxide was added either immedi-
ately before or after the blood was added. The microorgan-
isms grew, with or without hydrogen peroxide, in outdated
Red Cross blood just as well as in fresh human blood.
Growth of blood isolates of C. albicans in unvented, vented,

and hydrogen peroxide-containing blood culture bottles. Four-
teen strains of C. albicans were added to replicate stationary
simulated blood culture bottles. Growth was determined at
12, 24 and 48 h. The findings with small inocula at 24 h are
shown in Table 1. Similar results were obtained with 10-fold-
higher inocula. All strains grew better in vented bottles and
in those with hydrogen peroxide than in unvented bottles
(Table 1). Most strains grew better in hydrogen peroxide-
containing bottles than in vented bottles, but considerable
variation was observed. Three strains that grew slowly (i.e.,
did not grow to 105 CFU/ml by 24 h) achieved 10-fold or
greater concentrations (CFU per milliliter) in hydrogen
peroxide-containing bottles than in vented bottles. The effect
of hydrogen peroxide was less marked for the more rapidly
growing strains. Similar results were observed at 12 h. By 48
h, virtually all the cultures had achieved full growth, and no
significant differences were observed among the various
culture methods.
Growth of C. neoformans in unvented, vented, and hydro-

gen peroxide-containing blood culture bottles. Fourteen
strains of C. neoformans were added to stationary simulated
blood culture bottles, and growth was determined at 24, 48,
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TABLE 2. Growth of 14 isolates of C. neoformans in stationary
simulated blood culture bottlesa

Concn (CFU/ml) of 48-h subcultures
Concn with

(CFU)b In veInted With H202/concn in

bottles bottles H202

10 600 777,000 1,400,000 1.8
10 8,300 48,000 310,000 6.5
5 31,600 152,000 467,000 3.1
5 910 97,000 240,000 2.5

14 27,000 680,000 940,000 1.4
13 140,000 1,400,000 1,900,000 1.4
47 240 7,500 110,000 14.7
13 3,500 59,000 120,000 2.0
7 2,100 2,300 27,000 11.7
5 210 1,920 2,960 1.5
5 38 45 126 2.8
5 5,600 600,000 700,000 1.2
3 1,060 6,300 13,000 2.1
9 460,000 2,300,000 2,000,000 0.9

a Growth in vented bottles and in bottles with H202 was greater than
growth in unvented bottles for all 14 isolates. Growth with H202 was greater
than growth in vented bottles for 13 isolates (92.9%). (For all data, P < 0.01
by Wilcoxon's signed rank test.)

b Reading from top to bottom, four blood cultures, nine cerebrospinal fluid
cultures, and one urine culture were used.

c One milliliter of a 3% solution was added to each bottle.

and 72 h. The cryptococci grew much more slowly than the
candidas. At 24 h, the concentrations (in CFU per milliliter,
with standard deviations in parentheses) were 120 (195), 163
(260.5), and 305 (308) for strains grown in unvented, vented,
and hydrogen peroxide-containing bottles, respectively. The
counts taken at 48 h are shown in Table 2. Growth was
significantly greater in vented than in unvented bottles and
was even greater in the presence of hydrogen peroxide.
Similar results were obtained with 10-fold-higher inocula.
The only Cryptococcus strain that grew about the same in
hydrogen peroxide-containing bottles and in vented bottles
was a rapidly growing strain isolated from urine.
Growth of T. glabrata and other yeasts in unvented, vented,

and hydrogen peroxide-containing blood culture bottles. The
growth of six strains of T. glabrata in stationary cultures was
about the same in vented and in unvented bottles but was
almost always less in bottles to which hydrogen peroxide
had been added (Table 3). All of the strains of T. glabrata
were catalase positive but oxidase negative, whereas several
strains of C. albicans and C. neoformans that were tested
were both catalase positive and oxidase positive. The growth

TABLE 3. Growth of clinical isolates of T. glabrata in stationary
simulated blood culture bottles

Concn (104 CFU/ml) of subcultures
Concn with

(CFU)a In In With H202/Concn in
unvented vented HWt b vented bottles
bottles bottles 2 v

10 270 160 19 0.1
9 66 75 15 0.2
18 94 190 46 0.2
20 230 260 130 0.5
17 410 520 480 0.9
45 11 15 20 1.3

a Reading from top to bottom, one blood and five urine cultures.
b One milliliter of a 3% solution was added to each bottle.

TABLE 4. Effects of venting, addition of hydrogen peroxide, and
shaking on growth of C. albicansa

Culture type Mean concn (CFU/ml)
and inoculum In unvented In vented With

(CFU) bottles bottles H202

Stationary, 17.6 1.8 x 104 2.7 x 104 1.1 X 105
Shaker, 17.6 3.3 x iOs 4.5 x 105 8.0 x 105

a Growth at 24 h of 11 strains isolated directly from positive blood cultures
in simulated culture bottles. For stationary cultures, all 11 strains grew better
in vented than in unvented bottles (P < 0.001 by Wilcoxon's signed rank test).
For shaker cultures, 7 strains (63.6%) grew better in vented than in unvented
bottles (P < 0.05 by Wilcoxon's signed rank test). For both stationary and
shaker cultures, 10 (90.9%) grew better with H202 than in unvented bottles (P
< 0.001) and 8 (72.7%) grew better with H202 than in vented bottles (0.05 <
P < 0.10 for stationary cultures; P < 0.01 for shaker cultures).

of single isolates of Candida tropicalis, Candida parapsilo-
sis, and Trichosporon beigelii was not enhanced or inhibited
by the addition of hydrogen peroxide.
Growth of yeasts isolated directly from positive blood cul-

tures in unvented, vented, and hydrogen peroxide-containing
blood culture bottles. In order to minimize changes in oxygen
requirements which might occur during serial passage, in
vitro strains of C. albicans were inoculated directly into the
simulated blood culture system as soon as the blood culture
was found to be positive in the clinical laboratory. The
inoculum size was estimated by Gram stain. Several of the
strains were then passaged three times on sheep blood agar
plates. A single colony was picked, grown overnight in
Trypticase soy broth, and added to the simulated blood
culture system. Replicate bottles were kept stationary or
were shaken.
Most strains of C. albicans isolated directly from positive

blood culture bottles grew better in the presence of hydrogen
peroxide than in vented or unvented bottles (Table 4). The
findings for two strains that grew exceptionally well in
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FIG. 2. Growth of C. albicans 6833 in a simulated blood culture
system which was unvented (U) or vented (V) or to which 1 ml of 3%
hydrogen peroxide (P) had been added. Growth in stationary ( M )
and shaker (L) cultures is shown. This strain was inoculated
directly (without passage) into the simulated blood culture system
from a clinically positive blood culture bottle.
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FIG. 3. Growth of C. albicans 8118 in a simulated blood culture
system which was unvented (U) or vented (V) or to which 1 ml of 3%
hydrogen peroxide (P) had been added. The conditions were the
same as those described for Fig. 2.

hydrogen peroxide bottles are shown in Fig. 2 and 3. The
effect of shaking was more pronounced with one of the
strains. This result may have been related to differences in
the relative rate of growth of the organisms. The enhancing
effect of hydrogen peroxide on the growth of four of the
strains tested tended to diminish after serial passage.

DISCUSSION

C. albicans has been shown to grow better in blood culture
systems that are well oxygenated by ambient air (2, 11, 13,
16, 18-21, 23-25). The experiments described above were

conducted to determine whether the growth of candidas and
other pathogenic yeasts might be improved by the presence

of even higher concentrations of oxygen. The addition of
hydrogen peroxide to blood-containing culture bottles pro-

vides a simple method for increasing oxygen tension. The
addition of 1 ml of a 3% solution of hydrogen peroxide to 50
ml of culture medium containing 5 ml of human blood
appears to be optimal for the growth of yeasts. This addition
produces a P02 of about 200 mm Hg (ca. 30 kPa), or about
twice that achieved by venting and shaking the bottles.
Hydrogen peroxide at this concentration did not interfere
with or enhance significantly the growth of bacteria which
are commonly isolated from the blood. The growth of E. coli
was inhibited somewhat, but this organism grew so rapidly in
the simulated blood culture system that it is doubtful that the
addition of small amounts of hydrogen peroxide will inter-
fere with the isolation of this organism from blood cultures.
; Clinical isolates of C. albicans and C. neoformans which
had been passaged several times in the laboratory grew

significantly better in bottles to which hydrogen peroxide
had been added, but the advantage of this method over

venting to ambient air appeared to be small except for
several slowly growing strains. Similar results were obtained
for strains of C. albicans which were inoculated directly
from positive blood cultures without passage.

Considerable variation was noted among Candida strains

in rates of growth and the effects of venting and the addition
of hydrogen peroxide to blood culture bottles. Candidas are
known to be affected by the selective pressures of serial
passage in laboratory media (8, 14). It is not clear whether
the generation of free oxygen radicals or hydroxyl ions were
limiting factors. It is possible that the organisms were
protected to some extent from hydrogen peroxide and its
products by their endogenous catalase, oxidase, or other
cytochrome enzymes (22). This notion is supported in part
by the observation that T. glabrata, which is oxidase nega-
tive, tended to grow less well in bottles to which hydrogen
peroxide had been added.

It is possible that the growth of other slowly growing,
oxygen-requiring microorganisms, such as Mycobacterium
avium-M. intracellulare, Mycobacterium tuberculosis, and
Histoplasma capsulatum, might be enhanced by the addition
of hydrogen peroxide to blood culture bottles.

It is not entirely clear from these in vitro observations
whether adding hydrogen peroxide will result in earlier
isolation of candidas, other yeasts, and possibly fungi from
blood. The growth of candidas and cryptococci should be
augmented by hydrogen peroxide most in systems which are
not sufficiently aerated. The ultimate value of the addition of
hydrogen peroxide to blood culture systems needs to be
established by controlled clinical trials in humans. These
trials will require comparisons with automated systems
(such as BACTEC) which are routinely flushed with oxygen,
with the Isolator system, and with a vented biphasic system
with and without hydrogen peroxide added.
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