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SYNOPSIS

The data presented show that the growth of brucella cells in a
mixture of culture medium (peptone type) and blood is not due to
growth-promoting constituents in the medium but to the presence of
an agent or agents that inactivate the bacterial growth-inhibiting
factor usually present in normal blood. The blood then becomes an
excellent culture medium.

Other methods of inactivating the growth-inhibiting factor in
normal cow blood to promote a rapid growth of Brucella involve
the acidification of the culture medium in order to obtain a final
pH of 6.0-6.2 after the addition of blood, and the presence of a cation
exchange resin (H+) in blood alone.

Rapid growth of all types and species of Brucella was obtained
in cow, human, and horse blood alone by the addition of a cation
exchange resin (H+). In the presence of salts in the blood, the resin
behaved like an acid in lowering the pH to the desired level of 6.0-6.2.

If conditions are created in a closed container (bottle), so that
CO2 is released from the NaHCO3 normally present in blood, other
measures, such as the artificial addition of C02, are rendered unneces-
sary in any procedure for the growth of C02-dependent strains
of Brucella abortus in the presence of blood.

Previous studiesa revealed that cells of one type of C02-dependent
Brucella abortus multiply slowly, or not at all, in a liquid culture medium
(trypticase soy) in the presence of normal blood. The incorporation of
killed brucella cells in the medium permitted rapid and abundant growth.
Additional studies, the results of which are set forth in this paper, show
that non-CO2-dependent strains of Br. abortus, Br. suis, and Br. melitensis
also multiply slowly in certain liquid media in the presence of blood or in
blood alone. Furthermore, the data to be presented show that media in
which Brucella do multiply rapidly in the presence of blood do not supply
additional nutrients but contain an agent or agents that inactivate the
growth-inhibiting property of the blood. The blood then becomes the
culture medium. The recorded data show that inactivation of this growth-
inhibiting property can also be accomplished by lowering the pH of the
medium and blood or that of the blood alone.

a Huddleson, I. Forest (1954) Quart. Bull. Mich. agric. Exp. Stn, 37, 3 ('ourral article Nc. 2023,
Michigan Agrizultural Experiment Station, East Lansing, Mich.)
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Procedure with Culture Media

The blood of normal cows was collected into sterile vessels containing
concentrated sodium citrate; the final citrate concentration was 0.8 %. In
all experiments, 5 ml of blood was added to 20 ml of liquid medium con-
taining 0.5 % sodium citrate in 50-ml serum bottles. When necessary, the
pH of the media was adjusted with either HCI or Na2CO3. The mixtures
were inoculated with 15-35 brucella cells (colony count) contained in 0.3 ml
of diluting liquid. The bottles were closed with either cotton or rubber
stoppers and incubated for three days at 37°C. At the end of the incubation
period 1 ml of the mixture from each bottle was floated over the surface of
a tryptose agar plate and the final pH was determined by glass electrodes.
For the study of C02-dependent strains, inoculated agar plates were
incubated for three days in jars containing 5 % CO2. When confluent
growth was obtained on the agar plates it was indicated by 4 to 5+, con-
fluent colony growth by 3+, and no growth by -. All strains of Brucella
employed were the S-type.

Results

The results set forth in Table I are typical of the differences found in
the growth-promoting properties of four culture media without blood after
inoculation with a small number of Br. abortus cells. As would be expected,
the cells failed to multiply in 0.85 NaCl. Likewise, no multiplication of
cells occurred in 2% hydrolysed lactalbumin. On the basis of the number
of living cells per ml at the end of three days' incubation, the tryptose

TABLE I. GROWTH OF BRUCELLA ABORTUS (NON-CO,-DEPENDENT)
IN DIFFERENT LIQUID CULTURE MEDIA*

Medium H Number of bacteria Growth after three
(20 ml) P added days' incubation *

NaCI, 0.85 % 7.1 26

Tryptose, 0.5 % 7.1 26 4 x 106

,, 2% 7.2 26 54x 10'

It 2% 6.1 26 23x 10

Trypticase soy 7.2 26 5 x 10'

Lactalbumin 2% 7.0 20

* Bottles closed with rubber stoppers
Colony count/ml; - = no growth
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media may be considered inferior to trypticase soy. Results similar to
these have been duplicated many times by the author.

When the ability of brucella cells to multiply in the presence of cow
blood was determined in three of the media at different pH levels, it became
obvious that the constituents of a medium that promoted the rapid growth
of cells in the absence of blood failed to do so when blood was present. The
results of one comparative experiment of this nature, employing a CO2-
dependent strain of Br. abortus, are illustrated in Table II. The results
were similar when non-CO2-dependent strains were used.

TABLE II. GROWTH OF BRUCELLA ABORTUS (CO2-DEPENDENT)
IN DIFFERENT CULTURE MEDIA IN PRESENCE OF BLOOD *

pH Three days' incubation
Medium

medium medium + blood growth** pH

7.8 7.7 200 6.9
Tryptose, 0.5 % 7.1 7.5 _ 6.9
+ 0.1 % glucose7.75-69

5.0 6.2 5+ 6.2

7.8 7.7 5+ 6.8
Tryptose, 2 % 7.2 7.5 3+ 6.8
+ 0.1 % glucose 727534

5.0 6.0 5+ 6.0

7.8 7.7 - 7.8
Tryptose, 2 %7.2 7.5 - 7.5
no glucose

5.0 6.0 5+ 6.1

7.8 7.7 200 7.3
Trypticase soy 78 77 2 69
+ 0.25 % glucose7.75-69

5.0 6.2 2 x 103 6.2

Lactalbumin 2 % 7.8 7.7 3+ 7.2
+ 0.2 % glucose 5.0 6.1 5+ 6.1

NaCI, 0.5 % 7.8 7.8 - 7.2
+ 0.2% glucose 5.0 6.1 5+ 6.1

* Bottles closed with rubber stopper
Medium, 20 ml; blood, 5 ml; inoculum, 30 cells
Colony count/ml; 3-5+ = degree of confluent growth; - = no growth

The culture media, tryptose and hydrolysed lactalbumin, which were
the inferior ones without blood, were found to be superior in the presence
of blood in obtaining rapid and abundant growth of brucella cells. These
findings, as well as the results obtained in numerous comparative experi-
ments, indicate that when rapid and abundant growth occurred in these
two media it was due to the presence of an agent that inactivated the
bacterial growth-inhibiting property of the blood. Whole blood then
furnished all the essential constituents for the rapid growth of the added
bacteria.
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Trypticase soy, while containing the proper constituents for the rapid
multiplication of Br. abortus, apparently is deficient in the factor that
inactivates the growth-inhibiting property of normal blood.

The results recorded in Tables II and III show that rapid growth of
Brucella occurred in all the culture media with blood when the pH of the
media was adjusted to 5.0 with HCI. After addition of the blood the pH
rose to 6.0-6.2. The occurrence of rapid and abundant growth in trypticase
soy and in 0.85 % NaCl, as well as in other media at a low pH, indicated
that the growth-inhibiting factor in blood was inactivated by this procedure.

TABLE III. EFFECT OF GLUCOSE, pH ADJUSTMENT, AND ATMOSPHERE
OF CONTAINER ON GROWTH OF BRUCELLA ABORTUS

(NON-CO2-DEPENDENT) IN PRESENCE OF BLOOD *

medium
+ blood

Bottle
stopper

Cotton
7.7

Rubber

Cotton
7.4

Rubber

Cotton
6.2

Rubber

Cotton
7.7

Rubber

7
Cotton

7.51
Rubber

Cotton
6.1

Rubber

Cotton
7.7

Rubber

Cotton
7.5

Rubber

Cotton
6.1

Rubber

Cotton
7.7

Rubber

Cotton
7.5

Rubber

6.2
Cotton
Rubber

Three days' incubation

growth * pH

- 8.2

100 7.6

17 8.0

500 7.4

5+1 6.3
5+ 6.2

3+ 7.2
4+ 6.9

2 x 103 7.1

5+ 6.9

5+ 6.1

5+ 6.1

- 8.1

4+ 7.8

5+ 7.7

5+ 7.3

5+ 6.0

5+ 6.1

5+ 7.6

5+ 7.2

5+ 7.2

5+ 6.9

5+
5+

6.0
6.2

- = no growth

Medium

Tryptose, 0.5 0,
no glucose

Tryptose, 0.5 %
+ 0.1 % glucose

Tryptose, 2 %,
no glucose

Tryptose, 2 %
+ 0.1 % glucose

pH

medium

7.8

7.1

5.0

7.8

7.1

5.0

7.8

7.2

5.0

7.8

7.2

5.0

* Medium, 20 ml; blood, 5 ml; inoculum, 15 cells
** Colony count/ml; 3-5 = degree of confluent growth;



GROWTH OF BRUCELLA IN THE PRESENCE OF BLOOD

By adjusting the pH of the culture medium to 5.0, it would appear that
two goals were accomplished at the same time: (1) inactivation of the
growth-inhibiting property of the blood, and (2) production of sufficient
CO2 from the decomposition of NaHCO3 in the blood for the growth of
C02-dependent strains of Br. abortus.

In other experiments with these media containing blood (not recorded
in Tables II and III) cells of C02-dependent Br. abortus failed to multiply
when the bottles were stoppered with cotton. This was due to the loss of
C02, since non-CO2-dependent strains multiplied rapidly under similar
conditions.

The importance of adding glucose to liquid culture media for the growth
of Br. abortus in the presence of blood is illustrated by part of the data
recorded in Tables II and III. Excluding those media which were adjusted
to pH 5.0, in the absence of added glucose the pH of the mixtures in cotton-
stoppered bottles rose to 7.7-8.2, while that of the mixtures in bottles
closed with rubber stoppers changed little, if any, during the period of
incubation. But in those mixtures of media and blood to which glucose
had been added, a decrease in pH was recorded at the end of the incubation
period. The decrease occurred regardless of the method of closing the
bottles.

It is assumed that the fall in pH was due to the organic acids and CO2
that accumulate from the decomposition of added glucose by the glycolytic
enzymes in red cells. Since the optimum pH for the action of the glycolytic
enzymes is 7.8-8.0, it is important to adjust the pH of a suitable culture
medium to this level before adding blood, in order to obtain sufficient CO2
for the growth of CO2-dependent strains of Br. abortus. The data in Table III
show that a non-CO2-dependent strain of Br. abortus grows well in a
mixture of certain culture media and blood at a wide range of pH values,
once the growth-inhibiting property of blood is inactivated. The blood
then becomes an excellent culture medium for the rapid growth of Brucella.

Procedure with Cation Exchange Resin

After the repeated demonstration that brucella cells multiplied rapidly
in a mixture of normal blood and various culture media when the growth-
inhibiting property of the blood was inactivated by maintaining the pH
at 6.0-6.2, it occurred to the author that it should be possible to eliminate
the culture medium entirely and utilize blood only, at a pH of 6.0-6.2, as
a culture medium. In preliminary trials it had been found that small
numbers (15-30 cells) of Br. abortus failed to multiply in citrated cow
blood when the pH was not adjusted.

It is well known that cation exchange resins in the hydrogen cycle,
when placed in a solution of monovalent salts, exchange hydrogen for
metallic ions. The solution then becomes acidic owing to the release of

4
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hydrogen ions. The degree of acidity of the solution depends upon (1) the
amount of resin used; (2) the capacity of the resin, and (3) the concentration
of the salts.

Preliminary trials with one sulfonic resin-Duolite C-3 (H+)-showed
that 0.5-0.6 g of the dry resin, when mixed well in bottles with 10 ml of
citrated cow blood, lowered the pH to 6.0-6.2 in approximately one hour.
The pH of the blood in both cotton- and rubber-stoppered bottles remained
at the same level during nine days at 370C. Trials with other types of cation
exchange resins (H+) resulted in similar changes in the pH of the blood.
One difficulty encountered in the use of cation exchange resins in blood was
the clumping of the resin by fibrinogen, which caused the resin to adhere
to the surfaces of the bottle. This problem was solved by adding 2 ml of 5 %
sodium citrate to the exchange resin.

The procedure that was adopted for the rapid growth of any type or
species of Brucella in blood without culture medium is as follows. To a
50-ml serum bottle is added 0.5 g of Duolite C-3 and 2 ml of 5 % sodium
citrate. The bottle is stoppered with cotton and autoclaved at 120°C for
20 minutes. (Bottles prepared in this manner may be closed with a rubber
stopper and held indefinitely.) Blood is collected aseptically, either with or
without sodium citrate, and 10 ml are added to the bottle. The blood and
resin are mixed well and the bacterial cells suspended in 0.3 ml of diluting
fluid are added. The bottles are closed immediately with a sterile rubber
stopper to retain the CO2 resulting from the decomposition of NaHCO3
by the H+ ions, and are incubated at 37°C.

Results

In Table IV are recorded the results of one experiment which demon-
strate the differences in the multiplication of two types of Br. abortus, one
of Br. suis, and one of Br. melitensis in cow blood with and without the pres-
ence of the cation exchanger. It may be noted that cells of Br. abortus
multiplied only in the blood samples in which the pH was lowered by the
release of H-ions from the cation exchange resin. Previous studies (see
Table III) have demonstrated that a pH of 7.5 (pH of the blood samples
without resin) was not unfavourable for the growth of brucella cells.

The multiplication of both Br. suis and Br. melitensis in cow blood was
not inhibited to the same extent as was that of Br. abortus, but a lower
pH brought about by the cation exchange resin also resulted in an enhanced
multiplication of cells of these two species.

The observation that small numbers of Br. abortus do not multiply
in 10-ml amounts of citrated cow blood alone during a three-day period
of incubation at 37°C suggested the designing of experiments to determine
whether the growth-inhibitory factor was of a bactericidal or bacteriostatic
nature. It was thought that the nature of the factor could be determined
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TABLE IV. GROWTH OF BRUCELLA IN BLOOD IN PRESENCE
OF CATION EXCHANGER (H +) DUOLITE C-3 *

Three days' incubation
Duolite C-3 Brucella Number of
(grams) ** species bacteria added t

growth t pH

O abortus (non-CO2- 20 - 7.5
dep.)

0.5 to 20 5+ 6.0

0 of (CO2dep.) 30 - 7.5

0.5 ,, ,, 30 5+ 6.0

0 suis 15 10 7.5

0.5 , -- 15 5+ 6.2

0 melitensis 25 7 7.5

0.5 ] ,, 25 5+ 6.2

* 10 ml of blood in each bottle; bottles closed during incubation
** 2 ml of 5 % sodium citrate added
t Colony countiml; 3-5+ = degree of confluent growth; - = no growth

by incubating samples of inoculated blood for longer periods of time and
by adding at each time interval (three days) a sufficient amount of Duolite
C-3 to inactivate the growth-inhibitory factor by H-ions. If the added
bacterial cells were alive, then rapid multiplication should occur on further
incubation.

The results of one of several experiments designed to determine the nature
of the growth-inhibitory factor in cow blood are set forth in Table V. In this
experiment eight 10-ml samples of citrated cow blood were added to 50-mi
bottles, each inoculated with 24 cells of Br. abortus, closed with rubber
stoppers, and incubated at 370C. At zero time and after three, six, and nine
days of incubation 0.5 g of Duolite C-3 was added to a separate bottle of the
inoculated blood. After each bottle had been incubated for an additional
three days, a 1-ml sample was removed and transferred to a tryptose agar
plate to determine the extent of multiplication of the added bacterial cells.
The inoculated blood in the control bottles (no Duolite C-3 having been
added) were also cultured at the same time intervals of incubation, that is,
after three, six, and nine days.

During the entire period of incubation of the control bottles of blood,
not a single colony of Br. abortus was obtained from cultured samples.
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TABLE V. VIABILITY OF BRUCELLA ABORTUS (NON-COr-DEPENDENT)
IN BLOOD, AND GROWTH AFTER THE ADDITION OF A CATION

EXCHANGER (H+) DUOLITE C-3*

Time of incubation Growth in three days pH
Sample before adding atradn xhnet p

exchanger"* atradngecagr

Control Zero - 7.7

With exchanger ,, 5+ 6.1

Control 3 days - 7.6

With exchanger 3 pi 5+ 6.1

Control 6 days - 7.7

With exchanger 6 108 6.3

Control 9 days - 7.7

With exchanger 9 6.2

* 10 ml of blood in each bottle; inoculum, 24 cells; bottles closed during incubation
** 0.5 g plus 2 ml of 5 % sodium citrate
t Colony count/ml; 3-5+= degree of confluent growth; - = no growth

That living brucella cells were present in the blood after incubation for
three and six days was demonstrated after addition of the cation exchange
resin (H+) to lower the pH. On the ninth day of incubation viable cells were
not detected in the sample after conditions for favourable growth had been
created by the addition of the cation exchange resin.

Discussion

The data presented in this paper comprise only a part of those recorded
in numerous experiments that were conducted to determine some of the
factors that promote the growth of Brucella in the presence of blood from
different normal cows and calves, from humans, and from one horse.

The experiments that were conducted during this study and in previous
investigations have repeatedly demonstrated that those factors which
enhance the growth of Brucella in a liquid culture medium when blood is not
present do not serve the same purpose in the presence of blood.

The conditions that should be present in a mixture of liquid culture
medium and blood or in blood alone in order to obtain rapid growth of a
small number of either C02-dependent or non-CO2-dependent Brucella
must be of such a nature that the growth-inhibiting property of the blood
is inactivated. This may be accomplished by using peptone media-such
as tryptose- that contain a sufficient amount of inactivating agents, or by
lowering the pH of the mixture of blood and culture medium or that of the
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blood alone. Since cation exchangers (H+) accomplish this purpose when
used in blood alone, it is obvious that peptone culture media may be elimi-
nated from any procedure that involves the growth of Brucella in the
presence of blood.

Apparently the chief function of glucose in a liquid culture medium
containing cow blood is to promote glycolysis, which does not occur
in the absence of added glucose. Glycolysis serves a two-fold purpose
in a blood-medium mixture. An increase in the pH is prevented in an
open container, and in a closed one, CO2 accumulates for the growth of
C02-dependent types of Br. abortuw as a result of the decomposition of
added glucose and the NaHCO3 normally present in blood.

It was repeatedly observed that one of the important factors determining
the extent of multiplication of small numbers of Br. abortus was the week-to-
week variation in the growth-inhibiting property of the blood from the
same animal when other possible variables were kept constant. In those
media in which there was usually little or no multiplication of cells in the
presence of blood during a three-day period, about 10% of weekly or
bi-weekly samples of blood from the same animal permitted the growth of
the inoculated cells at the rate of 103 to 2 x 103 per ml of the mixture.
Such findings, of course, imply that one cannot compare or evaluate the
properties of culture media on one sampling of blood from a single animal.

While the factor in protein hydrolysate culture media that inactivates
the growth-inhibiting property in blood has not yet been identified speci-
fically, the studies carried out thus far have revealed that: (1) it is partially
absorbed on Norite A (activated carbon); (2) it is removed from the solu-
tion by the addition of cation exchangers (H+) such as Duolite C-3 and
Dowex 50-4x; and (3) it passes through cellophane casing on dialysis
against distilled water.

The results recorded in Table V would indicate that the growth-
inhibiting factor in cow blood is bacteriostatic in nature. Studies now being
conducted to determine the nature of the growth-inhibiting property of
normal cow blood will be published at a later date. The results obtained
thus far show that: (1) it is located almost exclusively in the serum; (2)
it does not require complement for its action; and (3) it is inactivated when
the pH is adjusted to 6.0 by the addition of a cation exchanger (H+).
Adjustment of the pH of the serum to 7.0-7.4 after removal of the exchanger
does not reactivate the growth-inhibiting property. Cation exchangers
(Na+) have no inactivating effect on the growth-inhibiting property in
either blood or blood serum.

The results presented in Table IV show that the growth of Br. suis and
Br. melitensis was not inhibited by cow blood to the same degree as was
that of Br. abortus. Transfers of inoculated blood on the sixth and ninth day
of incubation showed continued multiplication of bacterial cells. This
finding would indicate that there is a marked difference between the suscep-
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tibility of cells of Br. abortus and those of Br. suis and Br. melitensis to the
natural growth-inhibiting factor in cow blood.

In view of the fact that cation exchangers in the hydrogen cycle differ
considerably in their capacity to exchange H-ions, it should be pointed out
that when an exchanger other than Duolite C-3 is employed with blood the
amount that should be added to a given volume of blood to lower the pH
to 6.0 must. be determined by a prior titration.

Preliminary studies have shown that the cation exchanger (H+) pro-
cedure described for the rapid multiplication of Brucella in cow blood
promotes the rapid multiplication of other pathogens such as Salmonella
typhosa, Escherichia coli, and Streptococcus pyogenes group A, when these
are added to cow blood. Multiplication of small inocula of these micro-
organisms in cow blood did not occur in the absence of Duolite C-3 (H+).

The cation exchange resin method described for promoting the rapid
and abundant growth of Brucella in the presence of blood alone should
be a highly satisfactory one for the isolation of various pathogens from the
blood of infected animals and man.
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RISUMIt

Les donnees presentees montrent que la multiplication de Brucella dans un melange
compose d'un milieu de culture de type peptone et de sang n'est pas due a des facteurs
de croissance contenus dans le milieu, mais plutot a la presence d'un ou de plusieurs
agents qui inactivent le facteur inhibiteur de croissance existant ordinairement dans le
sang normal. Le sang se prete des lors fort bien A la culture des Brucella.

D'autres methodes permettent de favoriser la multiplication rapide des Brucella par
inactivation du facteur inhibiteur de croissance contenu dans le sang normal de bceuf.
On peut mentionner par exemple l'acidification du milieu de culture, de manire a obtenir
un pH final de 6,0 a 6,2 apres addition de sang, et l'introduction dans le sang employe
seul d'une resine echangeuse de cations (H+).

On a obtenu la multiplication rapide de tous les types et espeees de Brucella dans du
sang de bceuf, d'homme ou de cheval employe seul, par simple addition d'une resine
echangeuse de cations (H +). En presence des sels que contient le sang, la resine se comporte
comme un acide et abaisse le pH A la valeur desiree de 6,0 A 6,2.

Si, pour cultiver en presence de sang, une souche de Br. abortus dont le developpement
exige du CO2, on opere en flacon ferme, de fagon A obtenir le degagement du CO2 A partir
du NaHCO3, contenu dans le sang, tout procede tel que l'addition de CO2 devient
inutile, quelle que soit la methode de culture employee.
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