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ABSTRACT

The objective of this study was to test
the hypothesis that the incidence and
severity of clinical colifonn mastitis
could be decreased by Re-17 mutant
Salmonella typhimurium bacterin toxoid.
Holstein-Friesian cows from two Ari-
zona dairies were selected for this study
based on July through November
projected calving dates; peak lactation
occurred during the period of highest
rainfall and peak environmental stress.
The cows were randomly assigned to
either a vaccinate or a control group, and
1292 cows were paired by herd, parity,
calving date, and milk yield. The 646
vaccinates were injected twice dtJPng the
third trimester of pregnancy with an Re-
17 mutant S. typhimurium bacterin tox-
oid, and the 646 controls were not vacci-
nated. Vaccinated cows had significantly
fewer clinical cases of colifonn mastitis
with positive colifonn cultures and had
lower culling rate from colifonn mastitis
than control cows during the first 5 mo
of lactation. During the same period, the
mortality rate from clinical colifonn
mastitis was 75% less in the vaccinated
clinical colifonn mastitic group than in
the control group. Incidence of mastitis
increased with advancing parity. The Re-
17 mutant Salmonella typhimurium
bacterin toxoid provided cross-protection
against colifonn mastitis; incidence and
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severity of clinical coliform mastitis
were significantly lowered during the
first 5 mo of lactation.
(Key words: core antigen, colifonn,
cross-protection, mastitis)

Abbreviation key: CCM = clinical colifonn
mastitis, NSG = no significant growth.

INTRODUCTION

Clinical colifonn mastitis (CCM) is a sig-
nificant problem for dairy cows kept in mod-
ern conditions of intensive housing, especially
for herds with low SCC in which the major
contagious mastitis pathogens, Streptococcus
agalactiae and Staphylococcus aureus, have
been controlled (3, 4, 13). Increased treatment
costs, discarded milk, lost quarters, premature
culling, death rate, and decreased milk yield
are all factors that contribute to substantial
economic losses caused by CCM (1).The inci-
dence of CCM is related to exposure of teat
ends to colifonn bacteria in the environment
(1, 3, 7, 21). Increased incidence of CCM is
strongly associated with high ambient tempera-
tures, humidity, and moisture (3, 22). Environ-
mental sources of colifonn organisms include
free stalls, loose housing, calving stalls,
pastures, or any other areas where cows con-
gregate between milkings (3, 15, 21). Moist
organic bedding in free stalls and calving pens
frequently harbors very high numbers of coli-
form organisms (3, 7, 21). Inadequate milking
sanitation also contributes to the incidence of
coliform mastitis because teat ends may be
exposed to colifonn organisms from fecal con-
tamination during milking (16). Enhancement
of the cow's immune defense may reduce the
incidence of CCM from these high risk factors
(12, 13).

The immunological control of CCM via
antibodies against Gram-negative core antigens
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has only recently become feasible with the
development of mutant Gram-negative bacteria
from which cross-protective vaccines can be
made (2, 9, 22, 23). The Re-17 mutant
Salmonella typhimurium bacterin toxoid is a
USDA licensed vaccine (ENDOVAC-Bovi@;
IMMVAC Inc., Columbia, MO) that stimulates
the immune system to produce cross-protective
antibodies against core antigens. The toxoid
portion of the vaccine, E3, stimulates the lym-
phocytes to produce higher levels of antibodies
against the Re-17 bacterin (23, 24). Previous
studies have demonstrated that this vaccine
provides cross-protection in horses against Es-
cherichia coli and S. typhimurium endotoxe-
mias (8, 22, 23) and in calves against E. coli,
Salmonella spp., and Pasteurella spp. endotox-
ernias (22, 23). Because of the vaccine's
demonstrated cross-protection against various
Gram-negative endotoxins, the protection of
cows against coliform mastitis with a two-
injection immunization schedule appeared to
be highly probable. Previous field trials using
J-5 E. coli bacterin (Poultry Laboratories, Da-
vis, CA) in a three-injection immunization
schedule demonstrated significant reduction in
the incidence of CCM in naturally challenged
cows during the first 90 d of lactation (10).

The investigation was undertaken to deter-
mine whether double-injection immunization
of non1actating cows with Re-17 mutant
Salmonella typhimurium bacterin toxoid would
reduce incidence, clinical severity, mortality,
and culling rate from CCM during the first 5
mo of lactation.

MATERIALS AND METHODS

Herd and Cow Selection

Two dairy herds near Phoenix, Arizona
with histories of coliform mastitis were chosen
for this study. The mean numbers of cows in
these two herds during the trial period were
5603 (4787 in lactation) and 1323 (1104 in
lactation). These dairies participated in pro-
grams of herd health and mastitis control su-
pervised by the principal investigator and were
enrolled in the Arizona DHIA monthly testing
program. On-farm computerized record sys-
tems were backed up by the DHIA dairy
records processing center in Provo, Utah and
by the principal investigator's personal com-
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puter system. These herds were housed in
open, shaded drylot corrals, which are typical
in the Southwest. The 365-d rolling herd aver-
ages during the 18-mo study period from July
1991 through December 1992 of the two herds
ranged from 8947 to 8986 kg of milk, and the
herds' weighted mean monthly SCC ranged
from 232 x 1<P to 235 x l(}i/ml.

Holstein-Friesian cows from these herds
were selected for this study on the basis of
their predicted calving dates (August through
October 1991) so they would be exposed dur-
ing early lactation to the seasons of highest
environmental risk, i.e., the late summer, fall,
and early winter rains. The selected cows were
assigned sequential numbers from a table of
random numbers and randomly assigned to
either the control group or the vaccinated
group. Pluriparous cows in the vaccinated
group were first injected twice intramuscularly
with 2 ml of the Re-17 mutant S. typhimurium
bacterin toxoid at or shortly after dry-off and
again 2 to 3 wk prior to calving when the cows
were moved to close-up pens. The vaccinated
primiparous heifers were first injected with
vaccine early during the last trimester of preg-
nancy and boostered when they were confined
in the close-up pens approximately 3 wk be-
fore calving. Cows that did not receive both
doses of vaccine before calving, cows that died
or were culled before calving, and cows that
had lost permanent identification were elimi-
nated from the trial. There were 873 unvacci-
nated control cows and 752 cows vaccinated
for the trial. Subsequently, 646 controls and
646 vaccinates (1292 total) were paired based
on herd, parity, calving date, and projected
305-d mature equivalent milk yield for statisti-
cal analysis. The mean lactation number for
the 646 pairs was 3.1. Calving dates for the
cows in a pair differed by no more than 4 wk;
mean difference was .259 :t .79 wk (X :t SD).
Each cow's extrapolated 305-d milk yield was
measured between 15 and 45 d after calving
and was within 10% of the mean for the pair.
The other 333 cows were omitted from the
paired analysis because they could not meet
the stringent pairing criteria.

The vaccinates and controls in each herd
were commingled and managed identically for
this clinical trial. Milkers, caretakers, herdsper-
sons, and supervising veterinary technicians
did not know whether cows were vaccinates or
controls.

Journal of Dairy Science Vol. 77. No.8. 1994
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Episode Identification

Milkers, caretakers, and herdspersons at
both dairies were trained to recognize the signs
of CCM when forestripping prior to attaching
the milking unit. Cows with abnormal milk
were separated and placed in a hospital pen
without milking or treatment. Hospital atten-
dants aseptically collected milk samples from
involved quarters in labeled sterile vials and
recorded clinical signs before any treatment
was administered. The investigators monitored
these procedures and verified clinical observa-
tions and records during farm visits three times
a week.

A distinct episode of CCM was defined
when the previously normal milk secretion
from any single quarter or any combination of
quarters was abnormal, i.e., the secretion con-
tained garget, was watery, or was reddish,
brownish, or yellowish, provided at least 8 d
had elapsed since a prior episode. An episode
was defined as a case of CCM when culture of
the pretreatment milk sample from the affected
quarter yielded significant growth of coliform
bacteria. Multiple quarters affected simultane-
ously were considered to be one episode unless
distinctly different bacteria were isolated.

Rainfall

Rainfall records for Phoenix, Arizona were
obtained from the National Climatic Data Cen-
ter (Asheville, NC). The average monthly rain-
fall for 30 yr prior to the year of this study
were compared with the monthly values
recorded during the study.

Parity Effects on CCM Incidence

Episodes of CCM were grouped and ana-
lyzed by parity group: lactations 1, 2, 3, and 4
and greater (20, 24). The incidence of CCM.
was compared between vaccinates and controls
by parity group for the first 5 mo of lactation.

Therapy for CCM Episodes

All trial cows showing sings of CCM were
treated with the routine regimens established
as standard operating procedure for each herd,
depending on clinical severity, history of most
likely etiological agent, and response to treat-
ment.
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Bacteriological Culturing of Milk

Arizona Laboratory. Milk samples were
frozen to '-20.C immediately after collection
and transported on ice within 12 to 72 h to the
investigator's laboratory. Upon arrival at the
investigator's laboratory, samples were thawed
and cultured using standard techniques (10,25)
or stored at -20.C in the laboratory and then
thawed and cultured within 24 to 72 h after
arrival. Bacteria were isolated on 5% defibri-
nated bovine blood trypticase soy agar plates
(Research Laboratory Media Room, University
of California at Davis) and identified as Strep.
agalactiae, streptococci other than Strep.
agalactiae, coagulase-positive staphylococci,
coagulase-negative staphylococci, lactose-
fermenting Gram-negative rods (coliforms),
other pathogens (Corynebacterium bovis, Ac-
tinomyces pyogenes, pseudomonads, and
yeasts), and mycoplasma on mycoplasma agar
plates (Research Laboratory Media Room,
University of California at Davis) (10, 25). If
more than three different organisms were iso-
lated from anyone milk sample, the sample
was recorded as contaminated unless a specific
contagious pathogen (e.g., Strep. agalactiae or
Staph. aureus) was isolated, in which case the
contagious pathogen or pathogens were
recorded as the etiological agents. Samples that
resulted in no significant growth (NSG) were
recorded as NSG. Cases of CCM from which
no milk samples were obtained were recorded
as "unknown".

Missouri Laboratory. A majority of the
coliforms isolated in Arizona were sent to the
University of Missouri Veterinary Diagnostic
Laboratory (Columbia) on trypticase-soy agar
slants for definitive confirmation. Gram-
negative organisms were identified using an
automated commercial autoidentification
fluorochrome substrate plate and the AP-
80-Vet software program (Radiometer, Sen-
sititre, Westlake, OH). Gram-positive organ-
isms, were identified using previously
described methods (25).

Statistical Analyses

Statistical comparisons of vaccinated and
control groups were based on rates per 100
cows and rates per 10,000 cow days based on
the number of first episodes of CCM, the
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TABLE 1. Analysis of clinical coliform mastitis (CCM) incidence rates for 646 pairs at 0 to 5 mo postcalving.

IC = Controls; V = vaccinates.

.. Significantly different from control (P < .05) by chi-square analysis.

**Significantly different from control (P < .05) by Student's t test analysis.

number of repeat episodes of CCM, the total
episodes of CCM, mortality rate, and removal
rate caused by CCM for the fIrst 5 mo of
lactation (4). Statistical analysis was focused
on the fIrst 5 mo of lactation, the period of
highest CCM incidence. The relationship of
CCM to parity was calculated and statistically
compared on the basis of rates per month per
100 cows (20, 21), Total episodes of CCM
were defined as the number of episodes of
CCM that cows experienced so long as the
intervals between CCM episodes were 8 d or
more, Cows with CCM were the number of
cows with one or more culture-positive CCM
episodes. Vaccinates and controls were statisti-
cally compared on the basis of 1) number of
initial and total episodes of CCM, 2) number
of cows that died within a month following the
onset of an episode of CCM, 3) number of
cows that died or were culled prematurely
because of CCM. and 4) parity versus CCM
incidence.

Thirty-year average monthly rainfall values
were compared with monthly amounts
recorded during the study.

Parameters were computed from the data
according to previously described methods
(14), and statistical comparisons of the control
and vaccinated groups were made on the basis
of rate per 100 cows and rate per 10,000 cow
days using chi-square and Student's t test.
Differences between groups were considered
significant when P ~ .05.

RESULTS

Results of CCM initial, repeat, and total
episode incidence, death, and culling were ana-
lyzed for the fIrst 5 mo of lactation. Seventy-

eight (12.1%; CCM rate per 10,000 cow days
of 8.1) control cows compared with 49 (7.6%;
CCM rate per 10,000 cow days of 5.0) vacci-
nated cows experienced CCM, a 37% (P < .05)
reduction from the rate for vaccinated cows or
initial episodes (Table 1). Twelve (1.9%; CCM
rate of 1.3) repeat episodes of CCM in the
control group, compared with 4 (.6%, CCM
rate of .4) in the vaccinated group, resulted in a
67% decrease in repeat episodes of CCM (Ta-
ble 1). The CCM rates for total episodes of
CCM were 9.34 (90 total episodes) and 5.43
(53 total episodes) per 10,000 cow days at risk
for controls and vaccinates, respectively. This
42% episode decrease for CCM of vaccinated
cows was signifIcant (P < .05) (Table 1).

Group mortality rate per 100 cows and
10,000 cow days for cows with CCM was .6%
and 1.1 for 4 dead controls.and .2% and .4 for
1 dead vaccinate, respectively, a 67% decrease
in death loss in favor of the vaccinated group
(Table 2). The group removal rate (combined
death and culling) per 100 cows (%) and
10,000 cow days from CCM was 2.3% and 1.6
for 15 controls and .9% and .3 for 6 vac-
cinates, a reduction of 61% in the vaccinates
(Table 2).

The mortality rate per 100 cows for cows
with CCM was 5.1% (4 of 78) for controls and
2% (1 of 49) for vaccinates, resulting in a 61%
decrease (P < .05) in favor of the vaccinated
group (Table 2). The removal rate (combined
mortality and culling) per 100 cows was 19.2%
(15 of 78) for controls compared with 12.2% (6
of 49) for vaccinates, a 61% reduction for the
vaccinated group (Table 2).

Incidence of CCM during the fIrst 5 mo of
lactation increased with parity for both vac-
cinates and controls. Incidence of CCM for
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First episodes Repeat episodes TotaI episodes

Category Cl V C V C V

Episodes, no. 78 49 12 4 90 53

CCM per 100 cows 12.1 7.6* 1.9 .6* 13.9 8.2*

CCM per 10,000 cow days 8.1 5** 1.3 .4** 9.3 5.4**

Reduction in vaccinates, % 37 67 42
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TABLE 2. Analysis of group mortality and removal rates and case fatality and removal because of clinical coliform
mastitis (CCM) at 0 to 5 mo postcalving.

IC = Controls; V = vaccinates.

2Population of 646 pairs and 1292 cows.

3Population of 78 controls and 49 vaccinates with CCM.

4Not applicable.

vaccinates was reduced for each parity group-
ing and was statistically significant for the
group in fourth or greater lactation (P < .05)
(Table 3).

One hundred ninety-two culture samples
taken from cows in Arizona were positive for
coliforms. One hundred forty-two, 74%, were
submitted to the University of Missouri Veteri-
nary Medical Diagnostic Laboratory for confir-
mation, and 129 were confirmed as positive for
coliforms, resulting in a 91% agreement be-
tween the two laboratories. Any episode from
which isolates submitted to the University of
Missouri were not confirmed as coliform were
not counted as CCM episodes. Of the 129
coliform isolates identified, 124 (96%) were E.
coli.

Sixty-four percent of all cases of CCM
during the 305-d lactations studied occurred
during the first 5 mo of lactation versus 33%
during the first 3 mo. Rainfall during the first
2 mo of this study, August and September, was
less than the 30-yr average for this period.
During the next 6 mo, October through March,
rainfall was double the 30-yr average (Figure
1).

Mastitis was diagnosed in 217 (34%) of the
control and 181 (28%) of the vaccinated cows
during the first 5 mo of lactation. There were
250 (39 per 100 cows) mastitic episodes in the
control group and 209 (32 per 100 cows) in the
vaccinated group. During the 5-mo study, 78
control and 49 vaccinated cbws experienced 90
and 53 episodes of CCM, respectively. Upon

TABLE 3. Analysis of interactions between parity groups and incidence of clinical coliform mastitis (CCM) in vaccinated
and control cows during the first 5 mo of lactation.

IC = Controls; V = vaccinates.

*Different from control (P < .05).

Journal of Dairy Science Vol. 77, No.8. 1994

Rate per
Dead Rate per 100 cows Rate per 10,000

or removed 100 cows (% reduction) cow days

Category CI V C V C vs. V C V

Group mortality2 4 1 .6 .2 67 1.1 .4
Group removal2 15 6 2.3 .9 61 1.6 .3
Case mortality3 4 1 5.1 2 61 NA4 NA
Case removal3 IS 6 19.2 12.2 36 NA NA

CCM
Lactation Treatmentl Cases

C .8
V .2

2 C 4.4
V 3

3 C 5.4
V 3.2

4+ C 7.4
V 4.2

Monthly mean Reduction in
Lactating Cases per cases per 100
cows 100 cows cows per mo

58 1.37
59 .34 1.03

215 2.04
217 1.38 .66
165 3.26
168 1.91 1.35
195 3.8
200 2.1* 1.7
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Rainfallfor Phoenix Arizona
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Figure 1. Previous 30-yr average monthly rainfall for Phoenix, Arizona compared with monthly rainfall during the
study period, July 1991 through June 1992.

culture, NSG occurred on milk samples from
77 (12%) controls and 68 (11%) vaccinated
cows, 95 and 85 epis0ges, respectively, that
were diagnosed as exhibiting the signs of
CCM. Culture results of the CCM cases
caused by colifonn and other bacteria were
summarized (Tables 4 and 5). Mycoplasma
organisms were not identified in any milk sam-
ples in this study.

None of the vaccinated cows developed
noticeable adverse responses at injection site
or systemically following vaccination.

DISCUSSION

In contrast to other studies in which the
highest incidence of CCM occurred during the
first 90 d of lactation (5, 6, 22), 64% of all
cases of CCM during the 305-d lactations in
this study occurred during the first 5 mo of
lactation versus 33% during the first 3 mo. The
extreme difference between monthly rainfall
amounts during this study compared with those
of the previous 30-yr averages probably ac-
counted for the lower than expected CCM
incidence during the initial 90 d of lactation
and the higher than expected incidence during
the first 152 d of lactation (Figure 1). In addi-

tion to the unusually high rainfall during this
study, the milking and housing facilities were
overcrowded, which adversely effected milk-
ing hygiene and procedures. Although the im-
pact of these adverse conditions was difficult
to quantitate, they undoubtly contributed to the
extremely high incidence rate of CCM in the
cows on the dairies in tl,ris study (21).

Incidence of CCM increased progressively
as parity increased. Other investigators have
reported increased incidence by parity in both
dry and lactating cows (20, 21), which may be
related to higher yield of older and higher
yielding cows retained in the herd (20) and
may also be associated with increased patency
of the teat orifice that occurs as parity in-
creases. During this study, the abnormally high
rainfall and muddy pens probably increased
exposure and susceptibility of some of the
older cows (21). The significant reduction of
CCM for older cows and the reduced incidence
at all parities in vaccinates compared with that
of controls is evidence of the value of vaccina-
tion and possibly extended herd life in cows
that would otherwise die or be culled because
of CCM (Table 3).

In this study, the significant decreases in the
CCM incidence and mortality because of vac-

Journal of Dairy Science Vol. 77, No.8, 1994
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TABLE 4. Cows and mastitis incidence in treatment and mastitic groups at 0 to 5 mo postcalving.

Percentage of
mastitic cows

cination were similar to those observed in
other studies utilizing similar but not identical
technology (2, 9). Previous studies have sug-
gested that leukocyte chemotaxis and other
immune mechanisms were related to protection
of udders from E. coli bacteria (11, 17). The
mechanism for this response in the vaccinated
cows was probably related to enhanced
antigen-antibody complexing, opsonization, or
phagocytosis within the udder. In this study,
the higher percentage of cases with NSG cul-

Percentage' of group

tures versus coliform-positive cultures in the
vaccinated group than in the control group
suggested that vaccination caused more rapid
and more complete elimination of coliform
bacteria from the udder. The fewer repeat coli-
form positive episodes in the vaccinates than
in the controls suggested extended protection
and more complete elimination of coliform
bacteria from the udder.

It has been previously confirmed that 70%
of the cultures resulting in NSG from cows

TABLE 5. Mastitis episodes and incidence in treatment and mastitic groups, 0 to 5 mo postcalving.

Percentage of
episodesPercentage of group

V
(n = 209)

25.3
16.3

1.4

4.3
1.4
3.8

41
6.7

100

IC = Controls; V = vaccinates.

2No significant growth.

Journal of Dairy Science Vol. 77, No.8, 1994

COWSI
C V C V

Category C V (n =646) (n =646) (n = 217) (n = 181)

Coliform
Streptococcus 78 49 12.1 7.6 35.9 27.1

non-Strep. agalactiae 21 30 3.3 4.6 9.7 16.6

Strep. agalactiae 4 3 .6 .5 1.8 1.7

Staphylococcus
Coagulase-negative 8 9 1.2 1.4 3.7 5

Coagulase-positive 4 3 .6 .5 1.8 1.7
Miscellaneous 10 7 1.5 1.1 4.6 3.9
NSG2 77 68 11.9 10.5 35.5 37.6
Contaminated or unknown 15 12 2.3 1.9 6.9 6.6
Total 217 181 33.6 28.1 100 100

!C =Controls; V =vaccinates.

2No significant growth.

Episodes! C V C

Category C V (n =646) (n =646) (n = 250)

Coliform
Streptococcus 90 53 13.9 8.2 36
non-Strep. agalactiae 22 34 3.4 5.3 8.8

Strep. agalactiae 5 3 .8 .5 2

Staphylococcus
Coagulase-negative 8 9 1.2 1.4 3.2

Coagulase-positive 4 3 .6 .5 1.6
Miscellaneous 10 8 1.6 1.2 4
NSG2 95 85 14.7 13.2 38
Contaminated or unknown 16 14 2.5 2.2 6.4
Total 250 209 39 32 100
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with the concomitant clinical signs of CCM
actually did have CCM (26). Therefore, the
high rate of NSG cultures for cows that had
been diagnosed as CCM was not unusual.
Coliform mastitis is usually self-limiting, and
bacterial numbers in the udder are often greatly
reduced by the time clinical signs appear (26).
The rapid influx of neutrophils into the udder
in response to acute coliform infection is ac-
companied by rapid elimination of the bacteria
(19). Numbers of bacteria in milk from
coliform-infected quarters are frequently below
levels detectable by routine culturing methods
(11, 18, 24). In the experience of the authors, it
is not unusual for 30 to 40% of cultures from
cows with CCM to be culture-negative in
herds free from or with a very low incidence of
intramammary infections caused by the conta-
gious pathogens, Strep. agalactiae or Staph.
aureus.

The high degree of agreement between bac-
teriological cultures at the principal investiga-
tor's laboratory and at the University of Mis-
souri Veterinary Medical Diagnostic
Laboratory indicated that laboratory diagnosis
of CCM in Arizona was accurate; probability
was high that bacteriological techniques were
not missing coliform-infected cows or over-
diagnosing cultures positive for coliforms.

CONCLUSIONS

This study demonstrated that two injections
of the Re-17 mutant S. typhimurium bacterin
toxoid administered to cows during the dry
period significantly reduced the incidence, re-
peat episodes, mortality, and culling rate from
CCM during the first 5 roo of lactation, the
time of highest incidence in the herds studied.

ACKNOWLEDGMENTS

The authors gratefully thank Cathy Ballard
and Basel Sabai of Herd Health Management
for the cataloging, culturing, and shipping of
the milk samples; Shay Ogburn for manuscript
preparation; Steven C. Smith of DHI-Provo
(Provo, U1) for the dairy records; the owners
and operators of the Shamrock Farms Co. and
Henry Pylman Dairies for use of their cows
and their able assistance in sample and data
collection; and IMMVAC, Inc. (Columbia,

MO) for the Re-17 mutant S. ~phimurium
bacterin-toxoid .(ENDOVAC-Bovi ).

2279

REFERENCES

1 Anderson, K. L., A. R. Smith. B. K. Gustafsson. S. L.
Spahr, and H. L. Whitmore. 1982. Diagnosis and
treatment of acute mastitis in a large dairy herd. 1.
Am. Vet. Med. Assoc. 181:690.

2 Cullor. J. S.. B. W. Fenwick, B. P. Smith. K. Pelzar.
A. Kelley, and B. I. Osburn. 1986. Active immuniza-
tion with Esc1u!richia coli (J-5) and its protective
effects from endotoxic shock in calves. Page 265 in
Immunobiology and Immunopharmacology of Bac-
terial Endotoxins. Plenum Publ. Co.. New York, NY.

3 Eberhart, R. 1. 1984. Coliform mastitis. Page 287 in
Large Animal Practice 6. Vet. Clin. North Am. W. B.
Saunders Publ. Co., Philadelphia, PA.

4 Eberhart, R. J., and J. M. Buckalew. 1977. Intrarnam-
mary infections in a dairy herd with a low incidence
of Streptococcus agalactiae and Staphylococcus
aureus infections. J. Am. Vet. Moo. Assoc. 171:630.

5 Erb. H. N., R. D. Smith, R. B. Hillman, P. A. Powers,
M. C. Smith. M. E. White. and E. G. Pearson. 1984.
Rates of diagnosis of six diseases of Holstein cows
during 15-day and 21-day intervals. Am. J. Vet. Res.
45:333.

6 Erskine. R. 1., R. 1. Eberhart. J. 1. Hutchinson, S. B.
Spencer. and M. A. Campbell. 1988. Incidence and
types of clinical mastitis in dairy herds with high and
low somatic cell counts. J. Am. Vet. Med. Assoc. 192:
761.

7 Fairchild, T. P., B. D. McArthur, 1. H. Moore. and W.
E. Hylton. 1982. Coliform counts in various bedding
materials. J. Dairy Sci. 65:1029.

8 Garner. H. E., R. F. Sprouse, and K. Lager. 1989.
Cross-protection of ponies from sublethal E. coli en-
doxemia by Salmonella typhimurium antiserum.
Equine Pract. 10:10.

9 Gonialez, R. N.. 1. S. Cullor, D. E. Jasper, T. B.
Farver. R. B. Bushnell,and M. N. Oliver. 1989.
Prevention of clinical coliform mastitis in dairy cows
by a mutant Esc1u!richia coli vaccine. Can. J. Vet.
Res. 53:301. . .

10 Harmon. R. J., R. J. Eberhart, D. E. Jasper, B. E.
Langlois. and R. A. Wilson. 1990. Microbiological
Procedures for the Diagnosis of Bovine Udder Infec-
tion. 3rd ed. Natl. Mastitis Counc., Inc., Arlington,
VA.

11 Hill. A. W.. A. L. Shears. and K. G. Hibbitt. 1978.
The elimination of serum-resistant Escherichia coli

from experimentally infected single mammary glands
of healthy cows. Res. Vet. Sci. 25:89.

12 Hogan, J. S.. K. L. Smith, D. A. Todhunter, and P. S.
Schoenberger. 1992. Field trial to determine efficacy
of an Escherichia coli J-5 mastitisvaccine.1. Dairy
Sci. 75:78.

13 Hogan. 1. S., D. A. Weiss. and D. A. Todhunter. 1992.
pfficacyof an Esc1u!richia coli J-5 mastitis vaccine in
an experimental challenge trial. 1. Dairy Sci. 75:415.

14 Houben, E.H.P.. A. A. Dijkhuizen, JAM. Van Aren-
donk, and R.B.M. Huime, 1993. Short- and long-term
production losses and repeatability of clinical mastitis
in dairy cattle. J. Dairy Sci. 76:2561.

15 Jasper. D. E. 1976. Coliform mastitis in pastured
herds. Theriogenology 6:175.

16Jasper, D. E., and J. D. Dellinger. 1975. Teat apex
coliform population-a herd study. Cornell Vet. 65:.
380.

Journal of Dairy Science Vol. 77, No.8, 1994



2280 McCLURE ET AL.

17 Kremer, WoOJ., E. N. Noordhuizen-Stassen, F. J.
Grommers, AJJ.M. Daemen, P.AJ. Hendricks, and
A. Brand. 1993. Preinfection chemotactic response of
blood polymorphonuclear leukocytes to predict
severity of Escherichia coli mastitis. J. Dairy Sci. 76:
1568.

18 Larson, V. L., R. J. Farnsworth, and L. Baumann.

1981. Therapy of acute toxic mastitis. Page 168 in
Proc. Natl. Mastitis Counc., Nat!. Mastitis Counc.,
Arlington, VA.

19 Schalm, O. W., J. Lasminis, and E. J. Carroll. 1964.
Pathogenesis of experimental colifonn mastitis. Am. J.
Vet. Res. 25:75.

20 Smith, K. L., D. A. Todhunter, and P. S. Schoen-
berger. 1985. Environmental pathogens and intramam-
mary infection during the dry period. J. Dairy Sci. 68:
402.

21 Smith, K. L., D. A. Todhunter, and P. S. Schoen-
berger. 1985. Environmental mastitis: cause, preva-
lence, prevention. J. Dairy Sci. 68:1531.

22 Sprouse, R. F., H. E. Garner, and K. Lager. 1989.
Protection of ponies from heterologous and homolo-

Journal of Dairy Science Vol. 77, No.8, 1994

gous endotoxin challenges via Salmonella typhimu-
rium bacterin-toxoid. Equine Pract. II :45.

23 Sprouse, R. F., H. E. Garner, and K. Lager. 1990.
Cross-protection of calves from E. coli and P. multoc-
ida endotoxin challenges via Salmonella typhimurium
mutant bacterin-toxoid. Agri-Practice 11:29.

24 Todhunter, D. A., K. L. Smith, J. S. Hogan, and P. S.

Schoenberger. 1991. Gram-negative bacterial infec-
tions of the mammary glands in cows. Am. J. Vet.
Res. 52:184.

25 Watts, J. 1990. Bovine mastitis. Page 469 in Diagnos-
tic Procedures in Veterinary Bacteriology and Mycol-

ogy. 5th ed. G. R. Carter and J. R. Cole, Jr., ed.
Academic Press, Inc., San Diego, CA.

26 White, M. E., L. T. Glickman, M. E. Montgomery, F.
D. Barnes-Pallesen, E. S. Stern, P. Dinsmore, M. S.
Powers, P. Powers, M. C. Smith, and D. Jasco. 1987.

Analysis of the clinical findings used to diagnose
colifonn mastitis in dairy cows and comparison to a

prediction model. Cornell Vet. 77:13.


