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Human and bovine Streptococcus bovis strains had the same 16S ribosomal DNA restriction fragment length
polymorphism and often had the same patterns of starch, mannitol, lactose, and raffinose utilization. PCRs of BOX
sequences differed, but numerical analyses indicated that some human strains clustered with bovine strains.
However, human and bovine strains had distinctly different sensitivities to lysozyme and 2-deoxyglucose.

Streptococcus bovis is a gram-positive, facultative anaerobe
that causes ruminal acidosis in cattle (12) and meningitis, sep-
ticemia, and endocarditis in humans (2, 4, 6, 7, 10, 11, 16, 17).
There has also been an association between S. bovis and co-
lonic lesions that give rise to cancer (15, 21). However, it is not
clear if ruminal S. bovis can colonize the human colon or
conversely if human strains can colonize the rumen.

In the 1980s, human S. bovis strains were separated into
different biotypes on the basis of differences in substrate utili-
zation (19, 20). Biotype I uses starch and mannitol, but biotype
II uses only one of these substrates. Biotype II can be further
subdivided. Biotype II/1 uses starch but not mannitol, whereas
II/2 strains do not use either mannitol or starch. This classifi-
cation scheme has been used to diagnose S. bovis infections (5,
8). Ruoff et al. (17) correlated biotype I bacteremia with gas-
trointestinal lesions, and Clarridge et al. (3) found the II/2
biotype to be prevalent in males suffering from endocarditis,
sepsis, and urinary tract infection. Bovine S. bovis seems to be
biotype II/1, but only a few strains were examined (3).

Bovine S. bovis strains (Table 1) grew rapidly in an anaerobic
medium (described in reference 13) that was supplemented
with glucose, and the doubling times were less than 30 min
(data not shown). Most human strains (13 of 14) also grew as
rapidly on glucose as the bovine strains, but strain 6448 grew
poorly (optical density of only 0.4) and did not adapt. Substrate
utilization experiments indicated that 13 of 15 human strains
were either biotype I or II/1, but two strains were not biotype
I or II (positive for mannitol and negative for starch). All of the
bovine strains could be classified as biotype II/1, but it should
be noted that some human strains were as effective as bovine
strains in utilizing starch (Table 2).

Previous researchers attempted to use molecular methods as
diagnostic tools to differentiate S. bovis strains. Songy et al.
(21) isolated DNA sequences that were specific for biotype I
strains, but bovine strains were not examined. Whitehead and
Cotta (23, 24) developed 16S ribosomal DNA probes that
differentiated bovine and human S. bovis strains, but only a
small number of strains were employed.

When S. bovis DNA was amplified and digested with HaeIII
and HhaI (as described previously [13]), the same six dominant
fragments were always observed, and human and bovine strains
could not be differentiated (data not shown). The 16S ribo-
somal DNA genes were not sequenced, but a BLAST search
indicated that human (n � 2) and bovine strains (n � 6) were
more than 98% identical, and differences between human and
bovine strains were in some cases less than the differences
between bovine strains.

Recent work indicated that bovine strains had different pro-
files of repetitive DNA (BOX sequences) (13), and BOX-PCR
(described in reference 13) indicated that human and bovine
strains often could be differentiated (Fig. 1). Unweighted pair
group method (UPGAMA) analysis (13) indicated that the
dice similarity coefficients differed by as much as 50% (Fig. 2).
Most human strains (13 of 15) could be grouped into BOX
types that did not include bovine strains, but two human strains
clustered more closely with bovine strains than with other
human strains.

The ability of bacteria to colonize the gastrointestinal tract
has been correlated with cell surface properties (22). S. bovis is
a Lancefield group D streptococcus, and both human and
bovine strains have this serotype (23). Human S. bovis strains
use lipoteichoic acids (LTAs) to facilitate their attachment to
human gut epithelium (9, 22, 25), but the role of these acids in
lysozyme resistance had not been clearly defined. Lysozyme is
an antimicrobial enzyme that is found in mammalian secre-
tions, insects, plants, and bacteria.

Our results indicated that bovine S. bovis strains were inher-
ently more susceptible to lysozyme than human strains, and
most bovine strains were inhibited by as little as 0.13 mg of
lysozyme ml�1 (Fig. 3). Even the most resistant bovine strains
could not grow if the lysozyme concentration was greater than
0.5 mg ml�1. The bovine strains could be forced to adapt to
tolerate higher concentrations of lysozyme by transferring
them with sublethal doses of lysozyme (0.06 mg ml�1), but they
were initially four- to eightfold more sensitive than human
strains.

The LTAs of bovine S. bovis strains are an autolytic regula-
tor (1, 18, 25). If 2-deoxyglucose (2DG) is added to the growth
medium, the kojibiose moiety of the LTA is not synthesized,
the autolysins cannot be inactivated, and the cells lyse (1, 14).
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Our experiments indicated that all bovine strains eventually
lysed if 2DG (2 mg ml�1) was added to the growth medium
(Fig. 4a), but none of the human strains were affected (Fig. 4b).
Because the bovine strains did not adapt, 2DG sensitivity ap-

peared to be a useful tool for separating human and bovine
strains.

In recent years, S. bovis has been classified as an “increas-
ingly important pathogen” (21). However, animal models for

FIG. 1. Agarose gel of S. bovis BOX fragments that were obtained
by PCR with a BOX A1R primer. Only selected bovine (from left to
right, strains JB1, 33317, and 5-11) and human (from left to right,
strains 9410, 49133, and FM) are shown, but a complete UPGAMA
analysis of all strains is shown in Fig. 2. See Table 2 for other charac-
teristics. A 123-bp ladder is shown in the leftmost lane.

TABLE 1. Origin of bacterial strains

Strain Origin Reference

3-01 to 3-10 Cattle (n � 2) fed a grain-
based ration; ruminal pH of
5.6; Ithaca, N.Y.; 1995

22a

5-02 to 5-17 Cattle (n � 2) fed diet that
was 50% grain, 50% hay;
ruminal pH 6.3; Ithaca, N.Y.;
1995

22a

7-02 to 5-24 Cattle (n � 2) fed hay diet;
ruminal pH 6.7; Ithaca, N.Y.;
1995

22a

JB1 Cow fed hay diet; ruminal pH
6.8; Davis, Calif.; 1976

17a

K27FF4 Cow fed hay; ruminal pH 6.7;
Pretoria, South Africa; prior
to 1984

17a

26, 581AXY2 Cow fed hay; ruminal pH 6.8;
Aberdeen, Scotland; prior to
1984

17a

ATCC 33317 Cow feces 20
ATCC 1535 Cow fed hay; ruminal pH 6.8;

Champaign, Ill.; 1960
26

HC5 Cow fed hay; ruminal pH 6.7;
Ithaca, N.Y.; 2000

16a

FM Human clinical isolates;
meningitis

10

RG Human clinical isolate; septic
arthritis

11

V1477, V1388,
V1387

Human clinical isolates;
unknown disease; Richmond,
Va.; prior to 1993

23

6, 1314, 1499, 2703,
6448, 9410

Human clinical isolates; colon;
Boston, Mass.; prior to 1989

17

ATCC 43143,
ATCC 43144

Human blood 23

ATCC 49133,
ATCC 49147

Human clinical isolates;
unknown origin

23

TABLE 2. Physiological and phylogenetic characteristics of human
and bovine S. bovis strains

Strain Biotype

Substrate utilizationa

RFLP BOX-
PCRStarch Raf-

finose
Lac-
tose

Man-
nitol

Bovine
3-01 II/1 � � � � A B10
3-02 II/1 � � � � A B10
3-03 II/1 � � � � A B9
3-04 II/1 � � � � A B9
3-05 II/1 � � � � A B10
3-06 II/1 � � � � A B10
3-07 II/1 � � � � A B11
3-08 II/1 � � � � A B10
3-09 II/1 � � � � A B10
3-10 II/1 � � � � A B5
5-02 II/1 � � � � A B7
5-04 II/1 � � � � A B9
5-05 II/1 � � � � A B13
5-06 II/1 � � � � A B4
5-07 II/1 � � � � A B9
5-08 II/1 � � � � A B9
5-09 II/1 � � � � A B9
5-11 II/1 � � � � A B13
5-12 II/1 � � � � A B9
5-17 II/1 � � � � A B9
7-02 II/1 � � � � A B9
7-04 II/1 � � � � A B9
7-06 II/1 � � � � A B9
7-10 II/1 � � � � A B9
7-14 II/1 � � � � A B9
7-17 II/1 � � � � A B10
7-20 II/1 � � � � A B9
7-21 II/1 � � � � A B9
7-24 II/1 � � � � A B9
JB1 II/1 � � � � A B2
K27FF4 II/1 � � � � A B1
26 II/1 � � � � A B8
581AXY2 II/1 � � � � A B8
ATCC 33317 II/1 � � � � A B11
ATCC 15351 II/1 � � � � A B3
HC5 II/1 � � � � A B12

Human
FM II/1 W W � � A H1
RG I � � � � A H4
V1387 I � � � � A H4
V1388 NAb � � � � A H4
V1477 I � � � � A H4
6 II/1 W � � � A H1
1314 I � � � � A H4
1499 II/1 � W � � A H1
2703 I � � W � A H2
6448 II/1 � � � � A H5
9410 I � � � � A H4
ATCC 43143 NA � � � � A H4
ATCC 43144 II/1 � � � � A B10
ATCC 49133 II/1 W � � � A H3
ATCC 49147 I W � � � A H4

a The ability to utilize starch, raffinose, lactose, and mannitol is shown as
follows: �, utilizes; �, cannot utilize; W, weak growth. See Fig. 2 for BOX
sequence designations.

b NA, not applicable.
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human S. bovis infections have not been developed, and it is
not clear whether bovine strains can pass from cattle to hu-
mans to cause infection. Molecular techniques did not readily
differentiate bovine S. bovis strains from human strains, but
simple growth experiments indicated that they were different.
Further work will be needed to see if human and bovine strains

should be separated into different species, but it appears that
lysozyme and 2DG sensitivities could be useful diagnostic
tools.
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