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Pasteurella haemolytica serotype 1 was transferred daily for 128 serial passages on both unsupplemented
brain heart infusion agar and the same basal medium supplemented with bovine blood, horse serum, and yeast
extract. Repeatedly transferred cultures were shown to retain the ability to produce both capsular material and
leukotoxin. Furthermore, intact organisms were found to be as toxic in vitro for bovine leukocytes and as
virulent for mice as unpassaged cultures. These results indicate that the precaution of using only freshly
isolated cultures in the study of this organism may not be necessary.

Pasteurella haemolytica biotype A serotype 1 is the major
cause of the severe fibrinous pneumonia associated with
shipping fever of cattle. Several bacterial factors have been
implicated as important in the pathogenesis of this disease.
The bacterium elaborates a polysaccharide capsule (6, 8).
The presence of the capsule has been demonstrated to be age
dependent (10) and has been suggested as a possible viru-
lence factor of the organism (24). Another attribute ascribed
to the bacterium as a potential virulence factor is its ability to
produce a leukotoxin which is toxic for bovine pulmonary
alveolar macrophages (3, 18) and peripheral blood leuko-
cytes (4, 16).

Beginning with reports on the pneumococcus in the early
1920s, it has commonly been believed that continued pas-
sage of bacterial pathogens on laboratory medium may result
in decreased encapsulation (2, 7, 15) and a loss of virulence
(13, 23). Prolonged incubation of a bovine isolate of P.
haemolytica on blood agar plates has been reported to cause
a dissociation of the organism from a predominantly smooth
to a predominantly rough form, resulting in a loss of viru-
lence for mice (25). However, another group of researchers
reported that a smooth ovine isolate of P. haemolytica was
passaged in culture continuously for over 6 months without
dissociation to a rough form (5). The serotype of the orga-
nism was not specified in any of these studies. The purpose
of the studies reported here was to examine the effect of
daily repetitive in vitro transfer on the encapsulation,
leukotoxin-producing capacity, and virulence of P.
haemolytica serotype 1.

MATERIALS AND METHODS
Microorganism and culturing procedures. The organism

used throughout the study was P. haemolytica biotype A
serotype 1, originally isolated from a feedlot calf. A lyophi-
lized culture of the organism was reconstituted and plated on
either unsupplemented brain heart infusion (BHI) agar
(Difco Laboratories, Detroit, Mich.) or the same basal
medium supplemented with 5% bovine blood, 10% horse
serum (Hazleton Dutchland, Inc., Denver, Pa.), and 1%
yeast hydrolysate (ICN Pharmaceuticals, Cleveland, Ohio)
(SBHI). A single isolated colony from each type of medium
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was used to transfer the culture daily to a fresh plate of the
same type of medium. All plates were incubated at 37°C in an
atmosphere of 5% C02. At regular intervals, a colony from
each type of medium was also suspended in phosphate-
buffered saline (PBS; pH 7.2) and was used to inoculate four
plates of the same medium for confluent growth. After 6 h of
incubation, the growth from one plate was suspended in a
small amount of distilled H20 and stained to determine
degree of encapsulation by the Maneval technique as de-
scribed previously (10). The remaining three plates were
incubated for 18 h, after which the growth was removed with
a cotton swab and suspended in 3 ml of BHI broth containing
15% glycerol (Sigma Chemical Co., St. Louis, Mo.). These
suspensions were frozen at -70°C and were used as the
inocula for experiments in which comparisons were made
between repeatedly transferred cultures. Agglutinability of
the transferred cultures was determined by a rapid plate
agglutination procedure with chicken antiserum to P.
haemolytica serotype 1 (11).

Leukotoxin production. Toxins were prepared by the
method of Shewen and Wilkie (21). Briefly, organisms grown
to logarithmic phase in BHI broth were incubated for 1 h at
37°C in RPMI 1640 medium supplemented with 7% fetal
bovine serum. The cultures were then centrifuge (13,500 x
g for 15 min), and the supernatants containing leukotoxin
were filter sterilized and frozen immediately at -20°C.
Extinction endpoints were determined for each toxic culture
supernatant to quantitate total toxic activity by a modifica-
tion of a previously described 51Cr release method (12).
Briefly, serial twofold dilutions (1/2 to 1/256) of the culture
supernatants were made in RPMI 1640 medium in 96-well
microtiter plates (Cell Wells; Corning Glass Works, Corning,
N.Y.). The volume of diluted supernatant remaining in each
well was 180 ,ul. Dilutions were performed simultaneously
on six supernatants in duplicate with a 12-channel
micropipette (Titertek; Flow Laboratories, Inc., McLean,
Va.). From a suspension of 51Cr-labeled bovine peripheral
blood leukocytes, 90 ,ul was added to each well, and the
plates were incubated for 1 h at 37°C in a 5% C02 atmo-
sphere. The plates were then centrifuge at 200 x g for 10
min, and 200 ,ul of supernatant from each well was assayed
for radioactivity in an automated gamma counter (Searle
Analytical, Inc., Des Plains, 111.). The leukotoxin extinction
endpoint was defined as the highest supernatant dilution
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FIG. 1. P. haemolytica stained by the Maneval method (x900).
Cells were grown for 6 h on solid medium. (A) Transfer 1 on BHI
agar. (B) Transfer 128 on BHI agar. (C) Transfer 1 on SBHI
medium. (D) Transfer 128 on SBHI medium. Cells from all four
cultures appear to be equally well encapsulated.

eliciting a 5"Cr release of at least 50% of a total release
control (4 N NaOH).

In vitro toxicity for bovine leukocytes. Mixed peripheral
blood leukocytes were isolated from heparinized bovine
blood and labeled with Na2[51Cr]04 (ICN Pharmaceuticals,
Inc., Irvine, Calif.) as previously described (12). The
washed, labeled cells were suspended in RPMI 1640 medium
at a concentration of 5.8 x 106 cells per ml. Each culture to
be tested was grown for 4.5 h in BHI broth at 37°C on a

rotary shaker. The organisms were collected by centrifuga-
tion (13,500 x g for 20 min) and were suspended in RPMI
1640 medium containing 7% fetal bovine serum to a stan-
dardized optical density at 650 nm of 0.750 + 0.004. The
suspensions were found to contain 1.9 x 108 to 4.7 x 108
CFU/ml as determined by a spot plate technique.
Four serial 10-fold dilutions of organisms were prepared in

serum-supplemented medium from each culture in duplicate.
Samples (180 pl) of each dilution were placed in quintuplic-
ate wells of 96-well tissue culture plates. Ninety microliters
of the `tCr-labeled leukocyte suspension was added to each
well, and the plates were incubated for 1 h at 37TC in an

atmosphere of 5% C02. After incubation, the plates were
centrifuged and the well contents were harvested and
counted as in the extinction endpoint assay. Mean 4-min test
counts from all 10 wells containing like dilutions of a given
suspension were used to calculate the percent killing of the
leukocytes as follows: % killing = [(test count - medium
control count)/(total release control count - medium control
count)] x 100.
Mouse virulence study. Groups of 10 male 38- to 40-day-old

Swiss Webster mice (Charles River Breeding Laboratories,
Portage, Mich.) were injected intraperitoneally with 0.5 ml
of a mixture containing equal volumes of a saline suspension
of P. haemolytica and a 7% solution of swine gastric mucin
(Sigma; 22). Four cultures were used, including transfers 1
and 128 grown on either SBHI (transfers Si and S128) or
BHI (transfers Bi and B128) medium. The organisms were
harvested after 6 h of growth on the appropriate medium to
make a PBS suspension with an optical density at 650 nm of
0.755 + 0.002. Each group of mice received a single dilution

of a given suspension ranging from 100 to 10-4. Control
groups of five mice each received either a mixture of equal
volumes of PBS and an undiluted culture of transfer Si or
transfer Bi or a mixture of PBS and swine gastric mucin.
The mice were observed, and deaths were recorded for 72 h
after inoculation. The 50% lethal dose was calculated for
each culture by the method of Reed and Muench (20).

Statistical analysis. Analysis of variance was performed on
values from the leukocyte assay. For treatment groups in
which P < 0.05, differences in treatment means were com-
pared by the least significant difference test.

RESULTS
Comparison of encapsulation. Capsule strains performed

every 4 to 7 transfers showed no discernible differences in
the degree of encapsulation after 128 transfers on either
basal or enriched medium (Fig. 1). In addition, transfers
S128 and B128 showed no diminution of agglutinability with
antiserum to P. haemolytica serotype 1.
Comparison of leukotoxin production. The extinction

endpoints for the leukotoxins from each culture were be-
tween 1/32 and 1/128, with no loss of toxinogenicity due to
repeated transfer (Table 1).

Toxicity of organisms for bovine leukocytes. When leuko-
cytes were exposed to eight viable transfer cultures of P.
haemolytica at four concentrations each, there were slight
variations in measured toxicity among the cultures. At
certain dilutions, the variations proved to be significantly
different (Table 2). However, no culture was consistently
more or less toxic than the others within its medium group.

Virulence of transferred organisms for mice. When groups
of mice were injected with five concentrations of P.
haemolytica from transfer cultures Si, S128, Bi, and B128 in
swine gastric mucin, there were no major differences in
virulence among the cultures (Table 3). The 50% lethal dose
calculated for the cultures ranged from 4.9 x 105 to 1.1 x 106
CFU. All five mice receiving PBS plus swine gastric mucin

TABLE 1. Comparison of selected extinction endpoints of
leukotoxins produced by P. haemolytica repeatedly transferred on

laboratory medium

Culture medium Extinction
a ~~~~~~~~~~~endpointband transfer no.aecipoint* ~~~~~~~~~~~~(reciprocal)

SBHI
Si ......................................... 64
S13 ......................................... 64
S27 ......................................... 64
S47 ......................................... 64
S75 ......................................... 64
S89 ......................................... 64
S103 ......................................... 32
S117......................................... 128
S128......................................... 64

BHI
B1 ......................................... 128
B7......................................... 128
B14. 128
B21......................................... 64
B27......................................... 128
B47......................................... 64
B128 ......................................... 128

aCultures transferred daily for the number of days indicated.
b Endpoints are expressed as the highest dilution of leukotoxin causing a

"tCr release from bovine leukocytes of at least 50% of a total release control
(4 N NaOH).
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TABLE 2. Toxicity of P. haemolytica for bovine peripheral blood leukocytes after passage on laboratory medium

Culture Mean viable Toxicityb (% killing) at bacterial dilution of:
transfer coUnt
no.a (108/ml) 101 102 103 104

Si 4.7 1,805 ± 155 (89.6) 1,466 ± 167 (57.0) 997 ± 41 (16.2) 839 ± 23 (1.8)
S47 3.5 1,779 ± 67 (87.2) 1,467 ± 110 (58.9) 1,044 ± 83 (20.4) 840 ± 28 (1.9)
S89 4.2 1,960 ± 162 (100.0) 1,499 ± 113 (61.8) 1,047 ± 75 (20.7) 877 ± 31d (5.3)
S128 2.0 1,749 ± 98 (84.5) 1,504 ± 108 (62.2) 1,133 ± 122d (28.5) 895 ± 44d (6.9)
B1 3.3 1,809 ± 93 (89.9) 1,483 ± 99 (60.3) 1,043 ± 63 (20.3) 897 ± 33 (7.1)
B47 3.9 1,763 ± 108 (85.7) 1,505 ± 105 (62.3) 1,076 ± 67 (23.3) 934 ± 17 (10.4)
B87 1.9 1,910 ± 103d (99.1) 1,606 ± 73e (71.5) 1,057 ± 40 (21.6) 887 ± 24 (6.2)
B128 2.9 1,781 ± 75 (87.4) 1,544 ± 67 (65.8) 1,105 ± 74 (26.0) 904 ± 37 (7.7)
a Cultures were transferred daily for the number of days indicated on SBHI (S) or BHI (B) agar.
b Toxicity is expressed as counts per 4 min of 51Cr released from labeled leukocytes after exposure to the organisms. Values represent the mean of 10 counts

from duplicate assays each prepared in quintuplicate. The numbers in parentheses represent the percent killing of the leukocytes calculated from the mean count
compared with that of a total-release control (4 N NaOH).

c Serial 10-fold dilutions were prepared from a bacterial suspension standardized to a common optical density. Statistical comparisons were made among values
at the same dilution of organisms grown on the same medium.

d Value is significantly (P < 0.05) higher than others at the same dilution within that medium group.
e Value is significantly (P < 0.05) higher than all except that for B128.

remained healthy, whereas three of the five mice receiving
PBS plus 2.0 x 108 organisms from transfer culture Si and all
five mice receiving PBS plus 3.5 x 108 organisms from
transfer culture Bi died.

DISCUSSION
P. haemolytica transferred daily up to 128 times on a solid,

highly enriched laboratory culture medium was shown to
retain its ability to produce both capsular material and
leukotoxin. Encapsulation was demonstrated visually by a
staining procedure as well as by the agglutinability of the
organisms with an antiserum specific for the P. haemolytica
capsular serotype (11). These results do not concur with the
statement in Bergey's Manual of Systematic Bacteriology
that the carbohydrate capsules of P. haemolytica "are
frequently lost after several subcultures" (8). Rather, they
support the cultural stability of the oganism as reported by
Biberstein et al. (5). The capacity for leukotoxin produced
by organisms from cultures transferred 128 times possessed
as much total toxic activity as toxin produced by organisms
transferred only once.

Because the highly supplemented SBHI culture medium
contained many of the components (serum and blood) en-
countered in an in vivo system, a second series of transfers
was initiated on unsupplemented BHI medium. Again, there
was no diminution of encapsulation or toxinogenesis. There
was also little if any difference in the measured parameters

TABLE 3. Virulence of P. haemolytica for mice after passage 1
or 128 times on laboratory media

No. of animals deadbltotal no. of animals after transfer'Bàcterial
dilution Si S128 B1 B128

100 9/10 9/10 9/10 10/10
0-1 10/10 8/10 9/10 10/10
10-2 9/10 7/10 8/10 9/10
1-3 7/10 9/10 9/10 9/10

10-4 1/10 0/10 1/10 0/10
a Serial 10-fold dilutions were prepared of organism suspensions containing

0.8 x 109 to 1.4 x 109 viable bacteria per ml.
b Cumulative deaths recorded for 72 h postinfection. The 50% lethal doses

(in CFU) for the transfers were as follows: Si, 4.9 x 105; S128, 1.1 x 106; Bi,
7.0 x 10-; and B128, 4.8 x 101.

c Cultures were transferred 1 or 128 times on BHI agar (Bi and B128) or
SBHI medium (S1 and S128).

between organisms grown on basal versus supplemented
medium.
The leukocyte toxicity and mouse virulence tests were

performed to examine the effect of repeated transfer on the
pathogenicity of the bacterium. The interactions of P.
haemolytica with bovine leukocytes have not been com-
pletely characterized. The toxic effects of the organisms on
neutrophils (4) and mononuclear leukocytes (16) have been
shown to be dose related and are presumed .to be due
primarily to the liberation of leukotoxin into the medium. To
determine if there were differences in the composite effect of
the organisms in addition to leukotoxin production, a 51Cr
release assay was used to determine toxicity of the intact
organisms on bovine leukocytes. The results agreed with
those found in the leukotoxin assay in that there was no
indication that the transferred organisms were less effective
in killing leukocytes than were those freshly isolated from a
diseased animal. The mouse virulence test further corrobo-
rated those results by showing that the transferred organisms
were at least as pathogenic for mice as were unpassaged
organisms.
There were statistically significant differences found at

certain bacterial dilutions between the 51Cr released by
bovine leukocytes after exposure to live bacteria from re-
peatedly transferred cultures and that released after fewer
transfers. However, such discrepancies probably do not
reflect actual differences in culture toxicity. The necessity of
standardizing the bacterial suspensions on the basis of
optical density, which is only a rough estimate of the number
of organisms in a culture, introduces an inherent error in the
experimental design. Duplicate suspensions of each orga-
nism were used, with the results from like suspensions
pooled in an attempt to negate the effects of this problem.
When results from duplicate suspensions were statistically
compared with one another, significant differences were
found sporadically which could not be explained by differ-
ences in the measured viable cell courts of the suspensions.
Therefore, we feel that an actual difference in toxicity among
the organisms should be manifested at all or several dilutions
for the bacterial passages tested. None of the cultures were
considered significantly more toxic than any of the others
according to this criterion. Furthermore, there was no trend
toward decreasing toxicity as the cultures were repeatedly
transferred.

Virulence of the organisms for mice was also found not to
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be diminished by repetitive transfer of the culture. P.
haemolytica is not a normal pathogen for laboratory mice.
Mixtures of the bacterial inoculum with swine gastric mucin
(22) or hemoglobin (9) and injection of the mice with ferric
ammonium citrate sufficient to saturate their serum transfer-
rin with iron (1) are methods reported to promote lethal
infections of mice with this organism. A somewhat surpris-
ing result of the present study was that 8 of the 10 control
mice injected with P. haeinolytica (transfer 1 from both
media) without mucin died. This result may be because the
mice were injected with organisms from 6-h (encapsulated,
logarithmic-phase) cultures rather than the 16- to 24-h (sta-
tionary-phase) cultures used by previous investigators (1, 9,
19, 22). Organisms from stationary-phase cultures have been
shown to have minimal amounts of capsular material (10),
perhaps making them more susceptible to phagocytosis by
mouse peritoneal phagocytes. A smooth strain of P.
haemolytica covered with a surface or envelope antigen was
similarly shown to be more virulent for mice than was a
nonsmooth strain (5).

In conclusion, 128 repeated transfers of P. haemolytica on
laboratory medium failed to reduce the organism's ability to
make two products assumed to be virulence factors, namely,
capsular material and leukotoxin. The transferred organisms
were also as pathogenic as the freshly isolated culture in
both an in vitro toxicity assay and an in vivo virulence study.
In the past, our laboratory and others (14, 17) have been
careful to use cultures which have been freshly isolated from
a diseased animal for leukotoxin preparation and challenge
exposure studies. These results indicate that passage of the
organism in a susceptible animal may not be necessary to
maintain toxicity and virulence.
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