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ABSTRACT

An observational study of
Corynebacterium bovis was
conducted in 74 Ontario dairy
herds. The levels of infection
with C. boviswere 19.9,36.2 and
85.6% at the quarter, cow and
herd level, respectively. Teat
disinfection was found to be the
variable best able to distinguish
between herds with a high or
low C. bovis quarter infection
rate. Mean total milk somatic
cell counts for 1103 quarters
and 107 cows infected with only
C.bovisranged between 150,000
and 200,000/mL and were signi-
ficantly higher than for unin-
fected quarters or cows. The
rate of infection with mastitis
pathogens was not significantly
different in quarters previously
colonized with only C. bovis
compared to previously unin-
fected quarters.

RESUME

Cette étude consistait & recher-
cher la présence de Corynebac-
terium bovis, dans le pis des
vaches de 74 troupeaux laitiers
ontariens. Le taux d’infection
des quartiers, des vaches et des
troupeaux atteignit respective-
ment 19.9%, 32,2% et 85,6%. La
désinfection des trayons s’avéra
la variante la plus susceptible de
permettre d’établir une distine-
tion entre les troupeaux aux
prises avec un taux d’infection
des quartiers, plus ou moins

élevé. La numération moyenne
des cellules somatiques présentes
dans le lait, relative a 1103
quartiers et a 107 vaches, in-
fectés seulement par C. bovis,
varia de 150 000 a 200 000/mL
et se révéla sensiblement plus
élevée que celle des quartiers et
des vaches exempts d’une telle
infection. Le taux d’infection
par des agents pathogénes, capa-
bles de causer la mammite, n’af-
ficha pas de différence ap-
préciable dans les quartiers
préalablement infectés par C.
bovis seulement, comparative-
ment aux quartiers antérieure-
ment sains.

INTRODUCTION

Bovine udder infection is a
major problem of the dairy indus-
try and results in economically
significant losses due to reduced
milk production and quality. Rou-
tine use of teat disinfection and
antibiotic dry cow therapy have
been shown to be effective in
reducing the level of infection (17),
but widespread application has led
to concerns regarding residues of
antibiotics (15) and chemicals (11)
in milk and the development of re-
sistant strains of pathogenic bac-
teria (21). Alternative methods of
control need to be investigated.

Corynebacterium bovis may play
an important role as a biological
control mechanism in the bovine
udder but has received little atten-
tion. Microbial interactions result-
ing in protection of the host against

pathogenic bacteria have been
shown to be important in the gut
and oral cavity (24) and there is
limited evidence that C. bovis may
protect the udder against infection
with pathogenic bacteria (1, 3).
Increased interest in the role of C.
bovis as a natural protective mech-
anism is associated with the wide-
spread use of teat disinfection and
antibiotic dry cow therapy. Al-
though currently available teat
dips reduce new infections due to
Gram-positive bacteria they do not
appear to be as effective against
Gram-negatives (9) and thus there
is some concern that the frequency
of infection with the latter orga-
nisms may increase (8). In addition,
routine use of teat disinfection and
dry cow therapy reduces the pre-
valenceof C. bovis (4) and may leave
the udder more susceptible to infec-
tion with mastitis pathogens (7).
The purpose of the present study
was to determine the frequency
and distribution of C. bovis under
natural field conditions and to
investigate the association of the
organism with bovine udder infec-
tion involving pathogenic bacteria.

MATERIALS AND METHODS

COLLECTION OF MILK SAMPLES

Individual quarter and compo-
site (cow) milk samples were col-
lected using standard procedures
(6) from all lactating cows in each
of 74 Ontario dairy herds on one
occasion during the period Febru-
ary 1979 to July 1979. A bulk tank
milk sample was also obtained
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from each herd. Herds were ran-
domly selected from among the
producers enrolled in the Dairy
Herd Improvement (DHI) pro-
gram in the counties of Hastings,
Lennox-Addington, Prince Ed-
ward and Northumberland. Quar-
ter samples were obtained after
discarding the first 10-15 mL of
milk. Composite samples were col-
lected immediately after quarter
samples and were made up of
approximately equal volumes of
milk from each lactating quarter.
The latter milk samples will sub-
sequently be referred to as the first
set of samples.

Quarter, composite and bulk
tank milk samples were collected
from 70 of the above 74 herds on a
second occasion during the period
November 1979 to May 1980 and
will subsequently be referred to as
the second set of samples.

In addition, bulk tank milk sam-
ples were collected monthly dur-
ing the period February 1979 to
Apirl 1979 from all producers
(approximately 800) in the above
counties.

All milk samples were shipped
to the Ontario Veterinary College
in refrigerated coolers.

COLLECTION OF MANAGEMENT
AND PRODUCTION DATA

Data regarding the use of masti-
tis control procedures and man-
agement practices were collected
at the same time as the above quar-
ter samples were obtained. The
birthdate, last calving date and
daily milk production, as recorded
at the closest DHI test prior to
sampling, were recorded for each
cow.

EXAMINATION OF MILK SAMPLES

Bacteriological examinations
and somatic cell count (SCC)
determinations were carried out
using methods described by
Brooks et al (5). A California mas-
titis test (CMT) was performed on
each quarter and composite sam-
ple. California mastitis test scores
of negative, trace, 1, 2 and 3 were
assigned values of zero, one, two,
three and four respectively for the
purpose of statistical analysis.

Corynebacterium bovis infection

74

status of a quarter or cow (compo-
site sample) was determined solely
on the basis of bacteriological
results using a critical level of 120
colony forming units (CFU)/mL. A
quarter or cow was classified as
infected with only C. bovis if at
least 120 CFU/mL of C. bovis and
less than 120 CFU/mL of any other
bacterial species were isolated
from a single quarter or composite
milk sample respectively. A quar-
ter or cow was classified as unin-
fected if less than 120 CFU/mL of
any bacterial species were isolated
from a single quarter or composite
milk sample. Cows were also clas-
sified with respect to C. bovis infec-
tion status on the basis of quarter
sample bacteriological results.
Infection of a quarter or cow

(composite sample) with a bacte-

rial pathogen was determined by
two different methods. The first
was based solely on the isolation of
at least 120 CFU of a particular
pathogen per mL of milk sample.
The second method involved con-
sideration of both bacteriological
and CMT results and quarters
were classified as being positive,
negative, group 3 (isolation of a
pathogen but low CMT) or group 4
(elevated CMT but no pathogen).

ANALYTIC METHODS

Four data files were created.
The first contained data on man-
agement practices and use of var-
ious mastitis control procedures.
The second and third files con-
tained results for the first and
second set of samples respectively.
The fourth file contained data
from the first and second set of
samples for those cows which had
been sampled on beth occasions.

Analysis was carried out using
the Statistical Package for the
Social Sciences (19).

The quarter infection rate (QIR)
with C. bovis was determined for
each herd. On the basis of the mean
QIR with C. bovis for all herds, the
herds were divided into two
groups. Discriminant analysis, a
statistical technique used to dis-
tinguish between two or more
groups of cases, was used to deter-
mine which of the two variables
TEATDIP (no=0; yes=1) or

DRYCOW (treat all quarters:
no = 0; yes = 1) was better able to
differentiate between herds with a
C. bovis QIR below (QIRCB =1)or
above (QIRCB=2) the mean.
Regression analysis was used to
investigate the relationship bet-
ween the presence (= 1) or absence
(= 0) of C. bovis and each of actual
cow age (years) and actual days in
milk.

Total and differential SCC were
logarithmically transformed prior
to statistical analysis.

The QIR with any bacterial
pathogen was determined for each
herd. On the basis of the mean QIR
with any bacterial pathogen
(QIRP) for all herds, the herds
were divided into two groups. Dis-
criminant analysis was used to
determine which of the three vari-
ables TEATDIP (no=0; yes=1),
DRYCOW (treat all quarters: no =
0; yes=1) or QIRCB (below mean
= 1; above mean = 2) was best able
to differentiate between herds
with a QIR with any pathogen
below the mean for all herds
(QIRP =1) and above (QIRP = 2).
Stepwise discriminant analysis
was used to look at the effect of
TEATDIP AND DRYCOW hav-
ing controlled for the effect of
QIRBC.

RESULTS

The percentage isolation of C.
bovis (=120 CFU/mL) from the
first set of quarter milk samples
collected from herds in which var-
ious combinations of teat disinfec-
tion and antibiotic dry cow therapy
were routinely used is shown in
Table I. The highest QIR with C.
bovis was found in herds in which
no teat disinfection and no or
selected (treat selected quarters of
selected cows) dry cow therapy
were used (42.2% and 42.4% respec-
tively). The lowest QIR with C.
bovis was found in herds in which
both teat disinfection and complete
(treat all quarters of all cows) dry
cow therapy were used (11.5%).

Similar results were obtained
for the second set of samples.
Corynebacterium bovis was iso-
lated (= 120 CFU/mL) from 19.5%



TABLE 1. The Percentage Isolation of C. bovis from Quarter Milk Samples® Col-
lected from Selected Dairy Herds in Which Various Combinations of Teat Disinfec-
tion and Antibiotic Dry Cow Therapy were Used

Use of Teat Disinfection (TD) Percentage Isolation of C. bovis

and Dry Cow Therapy (DCT) Herd Level Cow Level Quarter Level
All herds 85.6 (74)° 36.2 (2381)° 19.9 (9620)4
No DCT and no TD 100.00 (6) 69.3 (163) 42.2 (649)
DCT (selected)® and no TD 100.0 (5) 73.2 (164) 42.4 (672)
DCT (complete)f and no TD 80.0 (5) 60.7 (135) 35.9 (543)
TD and no DCT 100.0 (10) 31.7 (303) 16.2 (1226)
TD and DCT (selected) 96.0 (25) 33.2 (843) 17.7 (3409)
TD and DCT (complete) 69.6 (23) 22.0 (773) 11.5 (3121)

2Results from first set of samples only are shown

5% of herds in which at least one quarter of one cow was infected with C. bovis (= 120
CFU/mL); number of herds in parentheses

% of cows with at least one quarter infected with C. bovis (= 120 CFU/mL); number of cows
in parentheses

49 of quarters infected with C. bovis (= 120 CFU/mL); number of quarters in parentheses

¢Treat only selected quarters of selected cows

Treat all quarters of all cows

of 8994 quarters. The highest QIR
with C. bovis was in herds in which
no teat disinfection and selective,
complete or no dry cow therapy
were used (63.5%, 51.9% and 48.1%
respectively). The lowest QIR with
C. bovis was in herds in which both
teat disinfection and no or com-
plete dry cow therapy were used
(9.4% and 11.1% respectively).

Discriminant analysis revealed
that the variable TEATDIP was
better able to distinguish between
herds with a C. bovis QIR above
and below the mean for all herds
(21.3 £ 19.0 and 21.1 + 20.5 for the
first and second set of samples
respectively) than was the variable
DRYCOW. Standardized discrim-
inant coefficients for TEATDIP
were 0.91 and 0.94 (first and
second set of samples respectively)
and for DRYCOW and 0.40 and
0.33.

The percentage isolation of C.
bovis (= 120 CFU/mL) from com-
posite samples was also deter-

mined. Corynebacterium bovis was
isolated from 21.3% and 22.8% of
2386 and 2240 composite samples
respectively (first and second set of
samples).

The influence of cow age and
stage of lactation on the percen-
tage isolation of C. bovis (=120
CFU/mL) were investigated using
results from cow (composite) sam-
ples. The percentage isolation of C.
bovis was found to increase
(p < 0.05) as cow age increased for
both the first and second set of
samples when all herds were con-
sidered together and for the first
set of samples only for herds in
which both teat disinfection and
complete dry cow therapy were
used. For the first and second set of
samples, no change (p> 0.05) in
the percentage isolation of C. bovis
was observed with an increase in
cow age for samples from herds in
which no teat disinfection and no
or only selected dry cow therapy
were used. An increase in stage of

lactation was not found to be asso-
ciated (p > 0.05) with an increase
or decrease in the percentage isola-
tion of C. bovis for any of the cir-
cumstances investigated for the
first or second set of samples.

Corynebacterium bovis was iso-
lated from less than 20% of bulk
tank milk samples collected from
herds known to havea C. bovis QIR
greater than 20% and from less
than 10% of bulk tank milk sam-
ples from the 800 herds. In most
cases less than 120 CFU of the
organism were isolated per mL of
sample.

Somatic cell counts for milk
samples from quarters or cows
classified as uninfected or infected
with only C. bovis are shown in
Table II. Mean total and differen-
tial SCC for quarters infected with
only C. bovis were significantly
higher (p<0.05) than those for
uninfected quarters in the first
and second set of samples. Similar
results were obtained from anal-
yses carried out to minimize the
effect of cow level variables.
Separate analyses were also car-
ried out to investigate the effect of
the critical level used to establish
the quarter infection status with C.
bovis on mean total SCC. Using a
critical level of =40 or =400
CFU/mL, a statistically signifi-
cant (p < 0.05) elevation in mean
total SCC was observed for quar-
ters classified as infected with C.
bovis compared to uninfected
quarters.

Mean total and differential SCC
for composite samples from which
only C. bovis was isolated (= 120
CFU/mL) were significantly
higher (p < 0.05) than those for
composite samples from which no

TABLE I1. Geometric Mean Total and Differential Somatic Cell Counts (SCC) for Milk Samples from Uninfected Quartersand
Cows and from Quarters and Cows Infected with Only C. bovis

Somatic Cell Count

Total or Differential Set of Uninfected Quarters Infected Uninfected Cows? Infected
SCC Samples Quarters with only C. bovis Cows® with only C. bovis
Total 1 125.4 + 2.7 (2672)° * 171.3 £ 2.7 (702) 122.2 + 2.4 (408) * 165.9 + 2.4 (107)
2 120.6 + 2.5 (2099) * 170.6 = 2.5 (401) 118.1 £2.5(301) 156.1 + 2.6 (70)
Differential 1 5.7 +2.3(2672)° * 8.7+ 2.1(702) 5.6 £ 2.3 (408) * 8.6 £2.2(107)
2 6.0 £2.1(2099) * 9.0 £ 2.1 (401) 5.9+23(301) 7.6 £2.2(70)

2Composite sample results

bGeometric mean of total SCC £ SD X 103/mL; number of observations in parentheses o
¢Geometric mean of differential (% of total cell volume in channel 8) SCC + SD; number of observations in parentheses

*(P < 0.05) Student’s t-test

75



bacteria were isolated in the first
but not the second set of samples.
Composite sample results for cows
from which only C. bovis was iso-
lated from one or more quarters
(quarter sample results) or for
cows from which no organism was
isolated from any quarter did not
suggest (p > 0.05) that total or dif-
ferential SCC increased as the
number of quarters per cow
infected with C. bovis increased.

California mastitis test reactions
for quarters (0.58 + 0.84 and
0.65 *+ 0.83 — first and second set
of samples respectively) or cows
(0.56 £ 0.78 and 0.66 = 0.90) infect-
ed with only C. bovis were signifi-
cantly higher (p < 0.05) than those
for uninfected quarters (0.25*
0.67 and 0.27 * 0.65) or cows (0.33
+0.69 and 0.38+0.68) respec-
tively.

Mean daily milk production for
cows (composite sample results)
infected with only C. bovis
(21.2+8.1 and 19.6 7.5 kg —
first and second set of samples
respectively) was not significantly
different (p 0.05) from that of unin-
fected cows (21.5+ 7.0 and 19.2 +
7.2). No increase or decrease (p >
0.05) in milk production was
observed with an increase in cow
age for cows infected with only C.
bovis in the first or second set of
samples and for uninfected cows in
the second but not the first set of
samples. A decrease in milk pro-
duction was associated (p < 0.05)
with an increase in stage of lacta-
tion for cows infected with only C.
bovis and for uninfected cows in
the first and second set of samples.

The frequency of infection with
any bacterial pathogen (based on
bacteriological results alone) in
quarters classified as infected or
uninfected with C. bovis is shown
in Table III. The results for the
first and second set of samples
suggested that a quarter was more
likely (relative risk =1.29) to be
classified as infected with a bacte-
rial pathogen if it was classified
as infected with C. bovis. Similar
results were obtained when only
quarters classified as positive or
negative for any bacterial patho-
gen (based on bacteriological and
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TABLE IIL. Frequency of Infection with any Bacterial Pathogen as Determined on
Two Separate Occasions in Quarters Classified as Infected or Uninfected with C.

bovis
a Infected or uninfected with any
{}lrfei}ﬁ}:gte(:i!;’ with bacterial pathogen®
Set of Samples C. bovis Infected? Uninfected®
1 Infected 2154 535
Uninfected 679 2376
(p < 0.05)
chi-squared test
2 Infected 180 286
Uninfected 490 1851
(p < 0.05)

chi-squared test

2> 120 CFU/mL of C. bovis or any bacterial pathogen and < 120 CFU/mL of coagulase

negative staphylococci

b< 120 CFU/mL of C. bovis or any bacterial pathogen and < 120 CFU/mL of coagulase

negative staphylococci

¢ Includes Staph. aureus, Strep. agalactiae, other streptococcal species, coliform, Pseu-

4 Number of quarters
CMT results) were included in the
analysis.

Separate analyses were also car-
ried out to determine the signifi-
cance of association between C.
bovis and each of Staphylococcus
aureus, Streptococcus agalactiae or
other streptococcal species. For
each of the latter pathogens it was
observed that if a quarter was clas-
sified as infected with the patho-
gen it was more likely (p < 0.05) to
be classified as infected rather
than uninfected with C. bovis. The
frequency of infection with coli-
form bacteria was too low (< 1.0%
of all quarters) to allow any conclu-
sions to be drawn.

The mean quarter infection
rates with any bacterial pathogen
for all herds were 19.2 + 15.4 and
15.6 + 13.0 for the first and second
set of samples respectively. The
standardized discriminant func-

domonas species, Corynebacterium pyogenes

tion coefficients obtained using
stepwise discriminant analysis
and forcing the variable QIRCB to
enter the analysis first were:
QIRCB 0.81 and 0.94 (first and
second set of samples respectively),
TEATDIP -0.40 and -0.22 and
DRYCOW 0.02 and 0.25.

The rate of infection with bacte-
rial pathogens over a period of nine
months in quarters previously
classified as uninfected or infected
with only C. bovis is shown in Table
IV.Theresults were obtained from
examination of quarter samples
from cows sampled on both occa-
sions and in the same lactation on
both occasions. No significant
(p> 0.05) association was found
between the rate of infection with a
pathogen in previously uninfected
quarters compared to that for
quarters previously infected with
only C. bovis.

TABLE IV. Rate of Infection with Any Bacterial Pathogen over a Period of Nine
Months in Quarters Previously Classified as Uninfected or Infected with Only C.

bovis

Quarters Previously Uninfected
or Infected? with only

Percentage of Quarters Becoming or not

Becoming Infected with any
Bacterial Pathogen®

C. bovis Infected Not Infected

Previously infected with only

C. bovis 10.8 (4) 89.2 (33)

Previously uninfected 9.6 (38) 90.4 (359)
(p> 0.05)

chi-squared test

2As determined from bacteriological results for the first set of quarter samples
bAs determined from bacteriological results for the second set of quarter samples
“Includes Staph. aureus, Strep. agalactiae, other streptococcal species, coliform, Pseudom-

onas species, Corynebacterium pyogenes

dPercentage of quarters; number of observations in parentheses



TABLE V. Rate of Infection with C. bovisover a Period of Nine Monthsin Quarters
Previously Classified as Uninfected or Infected with Only a Bacterial Pathogen

Quarters Previously Uninfected
or Infected® with any

Percentage of Quarters Becoming or Not

Becoming® Infected with C. bovis

Bacterial Pathogen Infected Not Infected

Previously infected with only

a bacterial pathogen 24.6 (14)9 75.4 (43)

Previously uninfected 6.8 (26) 93.2 (359)
(p< 0.05)

chi-squared test

2As determined from bacteriological results for the first set of quarter samples
bAs determined from bacteriological results for the second set of quarter samples
Includes Staph. aureus, Strep. agalactiae, other streptococcal species, coliform, Pseudom-

onas species, Corynebacterium pyogenes

dPercentage of quarters, number of observations in parentheses

The rate of infection with C.
bovis in quarters previously unin-
fected or infected with only a bac-
terial pathogen is shown in Table
V. The results suggested that a
quarter previously infected with a
pathogen was more likely (p<
0.05) to become infected with C.
bovis than was a previously unin-
fected quarter.

DISCUSSION

Except for the general state-
ment that in the absence of teat
disinfection and antibiotic dry cow
therapy C. bovis is usually the most
common organism isolated from
bovine milk samples (2, 3), reports
in the literature which provide
data regarding the prevalence of
C. bovis are rare. Many surveys
have been conducted to determine
the prevalence of bacteria in
bovine milk samples (10, 23) but
these have been concerned with
pathogenic organisms associated
with significant economic loss.
Corynebacterium bovis is generally
considered to be a harmless com-
mensal (18) and thus has been
ignored. In the present study the
QIR with C. bovis at the herd level
was found to be as high as 88% and
as low as 0%.

The influence of mastitis control
procedures on the prevalence of C.
bovis in 30 herds was observed by
Bramley et al (4). Over a three year
period during which teat disinfec-
tion and antibiotic dry cow therapy
were routinely applied, the mean
percentage of quarters infected
with C. bovis declined from 47 to

five. Similar results were obtained
in the present study which
involved a larger number of herds.
The lowest QIR with C. bovis was
found in herds in which teat disin-
fection and no or complete dry cow
therapy were used.

Results of previous studies have
suggested that infection with C.
bovis is associated with a mild
increase in milk SCC. Black et al
(1) observed that CMT scores for
samples from quarters infected
with only C. bovis were mildly ele-
vated compared to those for unin-
fected quarters(1.1and 0.5 respec-
tively). Bramley (3) reported
arithmetic mean SCC of 460,000
and 193,000 per mL for quarters
infected with C. bovis or coagulase
negative micrococci and for unin-
fected quarters respectively but no
data were reported for mean SCC
for quarters infected with only C.
bovis.

A mild but statistically signifi-
cant elevation in total SCC was
observed in the present study for
quarters infected with only C.
bovis compared to uninfected
quarters. The elevation was found
to be significant using CMT or
automated cell counting results.
The elevation was considered to be
mild as the geometric mean SCC
was less than 200,000/mL, a level
not generally considered to be
associated with a decrease in milk
production (22) or a change in milk
composition (13). These observa-
tions and the results obtained for
mean daily milk production sug-
gested that colonization with C.
bovis does not significantly lower
milk production and were not sim-

ilar to the findings of Natzke et al
(16).

The mean differential SCC was
also found to be significantly
higher in milk from quarters
infected with only C. bovis com-
pared to that for uninfected quar-
ters. This is of particular impor-
tance as a neutrophil leukocytosis
has been shown to protect the
mammary gland against estab-
lishment of infection with masti-
tis pathogens (12, 20).

Black et al (1) and Bramley (3)
reported that the new infection
rate with bacterial pathogens was
lower in quarters previously
infected with C. bovis than in pre-
viously uninfected quarters.

In the present study the propor-
tion of quarters infected with C.
bovis that were also infected with a
pathogen was found to be signifi-
cantly higher than the proportion
of quarters not infected with C.
bovis that were infected with a
pathogen. However, prevalence
data do not provide an indication of
the order of infection and data
from the present study also sug-
gested that C. bovis may become
established in quarters infected
with a mastitis pathogen. In addi-
tion teat disinfection and dry cow
therapy were being used in many
herds and these practices have
been associated with lower C. bovis
(4) and pathogen quarter infection
rates (14).

Results obtained in the studies of
Black et al (1) and Bramley (3)
suggest that colonization of the
udder with C. bovis is associated
with protection against subse-
quent infection with pathogenic
bacteria. In the present study,
although the rate of infection with
bacteria pathogens in quarters
previously infected with only C.
bovis was not different from that in
previously uninfected quarters, a
protective effect associated with C.
bovis may not have been observed
because of the long time period
between collection of milk samples
(nine months compared to one

-week and three months in the pre-

vious studies). Further studies are
required to investigate the role of
C. bovis in the control of bovine
udder infection.
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