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Prevalence of Bacteremia in Dairy Cattle with Acute Puerperal
Metritis

B.C. Credille, A.R. Woolums, S. Giguere, T. Robertson, M.W. Overton, and D.J. Hurley

Background: Acute puerperal metritis (APM) affects 30% of postpartum dairy cattle. Bacteremia negatively
impacts survival in cattle with coliform mastitis. However, the prevalence of bacteremia in dairy cattle with APM is
unknown.

Hypothesis: Bacteremia is detectable in a large proportion of cattle with APM.

Animals: Seventeen dairy cows with APM and 17 healthy dairy cattle.

Methods: Prospective case-control study. Cases were identified by daily monitoring of cattle in the first 10 days after
calving. Controls were matched to cases by parity and days in milk. Cows were examined at the time of identification of
APM. A complete blood count, serum biochemical analysis, and bacteriologic culture of blood and lochial fluid were per-
formed on each animal at the time of diagnosis. The same samples were collected from healthy herdmates of a similar par-
ity and days in milk. Blood culture results and clinicopathologic variables were compared between groups. Conditional
logistic regression was used to evaluate factors associated with APM, whereas multivariate logistic regression was used to
evaluate factors associated with bacteremia.

Results: Bacteremia occurred in 53% (9/17) of cattle with APM and 53% (8/15) controls. Bacillus spp. was the organ-
ism most commonly isolated from the bloodstream in cattle of both groups. Bacteremic cattle in both groups were signifi-
cantly less likely to have basophils in the peripheral circulation (P = .02) and more likely to have higher serum globulin
concentrations (P = .02).

Conclusions and Clinical Importance: Bacteremia is a common occurrence in postpartum dairy cattle. Further study is
warranted to investigate the modes by which bacteria colonize the bloodstream in this population of animals and the

importance of bacteremia on health and productivity of affected animals.
Key words: Dairy cattle; Inflammation; Postpartum; Sepsis; Uterine.

Dairy cattle are susceptible to numerous disorders
in the immediate postpartum period. Acute puer-
peral metritis (APM), defined as the presence of a
fetid, watery uterine discharge, an enlarged, flaccid
uterus, and overt signs of systemic illness that might
include fever, dehydration, depression, and toxemia is
one of the most commonly encountered infectious dis-
eases in modern dairy practice.> APM occurs within
the first 21 days of lactation and typically affects
20-30% of all cattle.® While a variety of microorgan-
isms might be isolated from the reproductive tract of
both healthy postparturient cattle and cattle with
APM, Escherichia coli and Trueperella pyogenes repre-
sent the bacteria most commonly associated with clini-
cal disease.’

Bacteremia is defined as the presence of bacteria
within the bloodstream and, until recently, was
thought to be an uncommon occurrence in adult large
animal veterinary patients.* Bacteremia has been docu-
mented in approximately 32% of adult dairy cattle
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APM acute puerperal metritis

DIM days in milk

LR likelihood ratio

ROC receiver operating characteristic curve
TMR total mixed ration

with coliform mastitis.” In cows with acute coliform
mastitis, the presence of Dbacteremia, particularly
bloodborne infection with organisms such as E. coli,
Pasteurella multocida, and Mannheimia hemolytica, had
a significant impact on cow survival.’

The purposes of the study reported here were to
investigate the prevalence of bacteremia in dairy cattle
with naturally occurring APM, determine if an associa-
tion exists between the bacteria cultured from the
bloodstream and those present in uterus and identify
factors that might be of use in predicting occurrence
of bacteremia in cattle with APM.

Materials and Methods
Animals

Cows at 3 dairies in northeast and southwest Georgia that
developed APM between September 2011 and November 2013
were eligible for inclusion in the study. Cows were fed a corn-
silage based total mixed ration (TMR) formulated to meet the
requirements of dairy cattle in early lactation as set forth by
the National Research Council. Milk production at the 3 dair-
ies averaged 60-90 Ib per cow per day. All cattle were housed
in groups based on production and were milked in a parlor 3
times daily. All cows were housed in drylot pens or freestall
barns.
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Inclusion Criteria and Data Collection

Fresh cows at each dairy were examined daily by one of the
authors (BCC). For inclusion in the study, cattle had to be
enrolled in a fresh cow monitoring program. The rectal tempera-
ture of each animal was checked daily with a digital thermome-
ter® for the first 10 days in milk and monitoring for the
development of APM began on day | postpartum. A rectal
examination was performed on any animal with a temperature
>103°F and lochial fluid was collected by transrectal massage of
the uterus. For the purposes of this study, APM was diagnosed
if a cow was less than 10 days in milk, had a fetid, watery, red-
dish-brown uterine discharge, and systemic signs of illness that
included at least one of the following: fever (rectal temperature
>103°F), obtundation, toxemia (injected mucous membranes,
tachycardia (heart rate >84 beats/min), or tachypnea (respiratory
rate >36 breaths/min). Any animals with evidence of other con-
current disease processes (mastitis, abomasal displacement, respi-
ratory disease, diarrhea) were excluded from the study. Cows
diagnosed with APM were treated according to on-farm proto-
cols after evaluation and sample collection by study personnel.
Treatment varied between and within farms and included sys-
temic antimicrobials, anti-inflammatories, prostaglandin, and oral
electrolyte solutions. Healthy herd mates, as determined by a
complete physical examination and of similar parity and days in
milk (DIM) as cases, were enrolled as controls. Control cattle
were monitored for the development of APM daily until day 10
after parturition. Any control that developed APM was removed
from the study.

Hematologic Testing

Blood samples were collected from the jugular vein at the time
of diagnosis from both cattle with APM and controls. Samples
anti coagulated in EDTA were used for complete blood count
(CBC) analysis. Samples collected into plain tubes without anti-
coagulant were used for serum chemistry analysis.

Bacteriologic Culture

A swab of lochial fluid was collected at the time of diagnosis.
The tail was held to the side and the external genitalia were
cleaned with 3 alternating applications of 4% chlorhexidine scrub
and 70% isopropyl alcohol. A double-guarded culture swab® was
passed into the uterus, a sample obtained, and the culture swab
removed. The swab was capped and transported to the labora-
tory for processing on the day of collection. Swabs were cultured
aerobically at 37°C for 48 hours on sheep blood agar and Mac-
Conkey agar, and anaerobically for up to 7 days on pre-equili-
brated sheep blood agar. Plates were evaluated for growth and
findings recorded at each observation. Bacteria were identified on
the basis of characteristics of the colony, morphology, Gram
stain, hemolysis, and biochemical profile.

Blood was collected from the jugular vein of each cow with
APM and each control cow on the day of diagnosis. The hair
over the jugular vein was shaved using a battery-operated clipper
with a #40 blade. The skin was disinfected with at least 3 alter-
nating applications of a 4% chlorhexidine surgical scrub and
70% isopropyl alcohol. Thirty-five milliliters of blood was asepti-
cally drawn from the vein into a 35-mL syringe through a 16-ga,
1-% inch needle. Ten milliliters of blood was injected aseptically
through a new 16-ga, 1-%2 in needle into a 30 mL culture vial of
3.0% soybean-casein digest broth containing 0.05% sodium poly-
anetholsulfonate (BD Bactec Plus Aerobic/F¢ ) and a 40 mL cul-
ture vial of 2.75% soybean-casein digest broth containing
0.035% sodium polyanetholsulfonate (BD Bactec Lytic/10/Anaer-

obic/F°) and submitted for aerobic and anaerobic culture. Both
the aerobic and anaerobic samples were subcultured onto blood
agar on days 0, 1, and 7. Plates were examined for growth and
findings recorded at each observation.

Statistical Analysis

Cattle were grouped by disease (control or APM) and blood
culture (positive or negative) status. The proportion of cattle with
bacteremia and the frequency with which specific bacteria were
isolated from the uterus was compared between cattle with and
without APM using McNemar’s test for paired proportions. Clin-
icopathologic data were compared between cattle with APM and
healthy controls using a Wilcoxon signed-rank test, whereas clini-
copathologic data were compared between bacteremic and non-
bacteremic cattle using a Wilcoxon rank sum test. Data were
reported as median and 10th and 90th percentiles. Likelihood
ratios were calculated to investigate the role of farm in blood cul-
ture status. The association of clinicopathologic data with disease
status was investigated using conditional logistic regression,
whereas the association of clinicopathogic data with blood cul-
ture status was investigated using backward stepwise logistic
regression. All variables were first screened using univariate logis-
tic regression and all variables with a P <.2 were allowed to
enter in the final logistic regression model. For the multivariate
model, all variables with a P < .05 remained in the model. Odds
ratios (OR) and 95% confidence intervals (CI) were calculated.
An OR greater than 1 corresponds to a positive association with
APM or bacteremia and an OR of less than 1 corresponds to a
negative association. The final logistic regression model fit was
evaluated using the Hosmer-Lemeshow Goodness-of-Fit test.
The ability of the model to predict a given outcome was assessed
by use of receiver operating characteristic (ROC) curve analysis.
Statistical analysis was performed using commercially available
statistical software.

Results
Uterine Bacteriology

A total of 34 cows were enrolled in the study, 17
cases with APM and 17 controls. Escherichia coli and
T. pyogenes were the organisms most frequently iso-
lated from the uterus of cattle with APM (Table 1).
Other isolates included Clostridium spp., and combi-
nations of Gram positive and Gram negative aerobes
and anaerobes (Table 1). Cattle with APM were sig-
nificantly more likely to have E. coli, T. pyogenes,
Gram positive aerobes, and Gram positive anaerobes
isolated from the uterus than were control cattle
(Table 1).

Clinicopathologic Values

Cattle with APM had significantly lower serum
albumin concentration, albumin/globulin ratio, serum
sodium, and total serum calcium concentration than
control cattle, whereas plasma fibrinogen concentra-
tion, monocyte count, serum globulin concentration,
and serum glucose concentration were significantly
higher in cattle with APM than in controls
(Table 2). No variables were significantly associated
with APM in the final conditional logistic regression
model.



1608

Table 1. Bacterial isolates obtained from the uterus
of clinically healthy cattle (n = 15) and cattle with
APM (n = 17).

Group
Organism Control APM P-value
Escherichia coli 2 9 .03
Trueperella pyogenes 6 15 .01
Clostridium spp. 0 4 .10
Gram positive aerobes® 4 12 .03
Gram positive anaerobes® 4 11 .04
Gram negative aerobes® 1 3 .60
Gram negative anaerobes? 8 10 1.00

dStreptococcus spp., Staphylococcus spp., Micrococcus spp.

bPeptoslreplococcus Spp.

SPastuerella spp., Proteus spp., Actinobacillus spp.

dFusobacterium spp., Bacteroides spp., Prevotella spp., Por-
phyromonas spp., Prevotella spp.

Blood Culture

Bacteria were isolated from the bloodstream of
53% (9/17) of cattle with APM and 53% (8/15) of
control cattle. No difference in the prevalence of bac-
teremia between groups was detected (P = .724).
Bacillus spp. was the organism most frequently iso-
lated from the bloodstream of both bacteremic con-
trol cattle (5/8, 63%) and bacteremic cattle with
APM (5/9, 56%) (Table 3). Bacillus spp. were isolated
in combination with T. pyogenes in 1 cow with APM
and in combination Clostridium spp. in another cow
with APM.
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Because of the lack of a statistically different preva-
lence of bacteremia between the 2 groups of cattle, the
groups were combined for further analysis. There was
a significant effect of farm on blood culture status.
Cattle from farms 1 and 3 were significantly more
likely to have a positive blood culture than cattle from
farm 2 (LR =7.7, P=.02). Cattle with bacteremia
had significantly greater DIM and serum globulin con-
centration than non-bacteremic cattle, whereas baso-
phil count and albumin/globulin ratio was significantly
lower in bacteremic than non bacteremic cattle
(Table 4).

The only variables significantly associated with bac-
teremia in a multivariate logistic regression model
(overall significance of the mode P = .0005) were the
absence of basophils and serum globulin concentration
(Table 5). The model correctly predicted 81% of cases.
The area under the receiver operating characteristic
curve for the ability of serum globulin concentration
and absence of basophils to predict bacteremia was
0.850 (95% confidence interval, 0.679-0.951).

Discussion

The findings of this study suggest that bacteremia is
a common occurrence in both healthy postpartum
dairy cattle and dairy cattle with APM, occurring in
53% of cattle in each group. The process of uterine
involution is not sterile and, in 1 study, 93% of all
uteri sampled within 2 weeks of calving were culture
positive for various bacteria.® In addition to bacterial
contamination of the uterine lumen after parturition,
the surface cells of the endometrium slough and expose

Table 2. Comparison of hematologic and biochemical findings (median, 10th, and 90th percentile) in clinically

healthy cattle (n = 15) and cattle with APM (n = 17).

Group

Variable Reference Range Control APM P-value
Hect (%) 24-46 29.3 (25.7-33.3) 27.6 (23.3-32) .19
Platelets (x10%/uL) 100-800 261 (156-561) 315 (183-535) .33
Fibrinogen (mg/dL) 100-600 300 (300-800) 800 (500-1100) .01
WBC (x10%/uL) 4-12 10.9 (7.20-17.9) 8.4 (6.2-12.5) 11
Segs (x10°/uL) 0.64 4.35 (1.11-10.5) 2.4 (1.4-7.8) 18
Bands (x10%/uL) 0-0.1 0 (0-0.65) 0.3 (0-0.6) .79
Lymphs (x10%/uL) 2.5-7.5 5(2.57-10) 3.9 (1.8-7.3) .20
Monocytes (x 10/uL) 0-0.9 0.3 (0-1.44) 0.8 (0.2-1.6) .03
Eosinophils (x10°/uL) 0-2.4 0.12 (0-0.26) 0.1 (0-0.5) .56
Basophils (x10*/uL) 0-0.2 0 (0-0.12) 0.7 (0-0.1) .06
Creatinine (mg/dL) 1-1.8 0.6 (0.12-0.7) 0.6 (0.4-1) .04
Total protein (g/dL) 6.4-9.5 6.6 (5.8-7.4) 6.7 (5.7-7.7) 32
Albumin (g/dL) 2.5-4.5 3.4 (2.8-3.8) 2.8 (2.3-3.5) .01
Globulin (g/dL) 2.6-6.5 32444 3.7 (2.8-5.2) .01
A/G ratio N/A 1.2 (0.67-1.2) 0.7 (0.4-1.3) .002
Glucose (mg/dL) 55-95 59 (48-70) 63 (31-81) .03
Sodium (mEq/L) 136-147 142 (139-147) 141 (136-145) .01
Potassium (mEq/L) 4-5 3.9 (3.3-4.4) 3.7 (3.4-4.2) 33
Chloride (mEq/L) 95-105 101 (96.4-103) 100 (94-104) 41
Bicarbonate (mEq/L) 20-30 27 (23.1-30) 28 (25-31) 24
Anion gap (mEq/L) 13-20 20 (13-22.4) 18 (13-19) .06
Total calcium (mg/dL) 7.6-10.2 9.2 (7.9-10.1) 8.5 (7.1-9.3) .003
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Table 3. Bacterial isolates obtained from the blood-
stream of clinically healthy cattle (n = 15) and cattle
with acute puerperal metritis (n = 17).

Group
Organism Control APM
Bacillus spp. 5 5
Trueperella pyogenes 0 1
Clostridium spp. 0 1
Kytococcus sedentarius 1 0
Staphylococcus equoruum 1 0
Other” 1 2

“Multiple organisms present or organism unable to be identi-
fied.

the deeper uterine layers. Indeed, the remnants of the
maternal caruncle are necrotic by day 5 after calving
and, by day 12 postpartum, a denuded endometrial
surface with exposed blood vessels can be found.” It is
well accepted that the epithelial barriers of the body’s
mucosal surfaces serve as a barrier to bacterial inva-
sion of the deeper tissues and systemic circulation.®
Bacteremic cattle were significantly later in lactation
than non bacteremic cattle (8 days versus 4.5 days,
respectively). The longer period of time from parturi-
tion to diagnosis in these animals might put them at
greater risk of bacteremia simply because of prolonged
contact of a denuded endometrium with contaminating
bacteria. Thus, it is possible that sloughing of the

endometrial epithelium allows the bacteria that nor-
mally colonize the uterine lumen after calving to gain
access to the systemic circulation before the beginning
of re-epithelialization.

Cattle diagnosed with APM had significantly lower
serum albumin concentrations and significantly higher
serum globulin concentrations than healthy controls.
Similarly, bacteremic cattle in this study had signifi-
cantly higher serum globulin concentrations and a
trend toward lower serum albumin concentrations. A
decline in plasma protein has been demonstrated in
dairy cattle immediately after calving.” Here, decreas-
ing plasma globulin concentrations, likely resulting
from uptake of IgG; by the mammary gland, rather
than a decline in albumin caused the decrease in
plasma protein. Other studies have found a decrease in
serum albumin concentration in periparutrient cattle
and it has been suggested that expansion of plasma
volume, impaired hepatic function secondary to lipid
accumulation, or inflammatory disorders that downre-
gulate hepatic albumin production might be responsi-
ble for these findings.''? It is also possible that the
decrease in serum albumin concentration in cattle with
APM reflects loss of serum proteins into the uterine
lumen because of tissue compromise. The increase in
globulin concentration seen in both cattle with APM
and bacteremic cattle in this study is likely because of
an increase in antigenic stimulation. Cattle with APM
had significantly lower serum total calcium concentra-
tions than controls and studies have found that the
population risk to develop APM attributable to

Table 4. Comparison of hematologic and biochemical findings (median, 10th and 90th percentile) in bacteremic

(n = 17) and nonbacteremic cattle (n = 15).

Group
Variable Reference Range Bacteremic Nonbacteremic P-value
Parity N/A 1(1-3) 2 (1-5) 25
DIM N/A 8 (2.4-10) 4.5 (2-8) .01
Hect (%) 24-46 28.4 (24-31) 28 (24-35) 91
Platelets (x 10°/uL) 100-800 270 (170-577) 341 (175-492) .55
Fibrinogen (mg/dL) 100-600 600 (370-1100) 650 (370-930) .63
WBC (x10%/uL) 4-12 10.5 (6.8-12.5) 9.6 (6-17.5) 78
Segs (x10°/uL) 0.6-4 3.7 (1.1-7.9) 3.9 (1.4-10.5) .09
Bands (x10°/uL) 0-0.1 0 (0-0.7) 0 (0-0.28) .06
Lymphocytes (x10°/uL) 2.5-7.5 4.4 (2.4-7.7) 4.6 (2-10.3) .64
Monocytes (x10%/uL) 0-0.9 0.5 (0.1-1.4) 0.66 (0.1-1.6) .30
Eosinophils (x10%/uL) 0-2.4 0(0-0.4) 0.1 (0-0.33) 47
Basophils (x10*/uL) 0-0.2 0 (0-0.1) 0.1 (0-0.2) .01
Creatinine (mg/dL) 1-1.8 0.7 (0.5-1) 0.7 (0.4-1) .62
Total Protein (g/dL) 6.4-9.5 6.9 (5.9-7.8) 6.5 (5.6-7.1) .01
Albumin (g/dL) 2.5-4.5 2.8 (2.3-3.0) 3.3(2.7-3.8) .08
Globulin (g/dL) 2.6-6.5 4(2.9-5.2) 3(2.443) .01
A/G ratio N/A 0.7 (0.4-1.2) 1.1 (0.6-1.5) .02
Glucose (mg/dL) 55-95 59 (23-66) 61 (31-82) 43
Sodium (mEq/L) 136-147 141 (137-146) 143 (137-147) .06
Potassium (mEq/L) 4-5 3.8 (3.4-4.4) 39 (3.442) .88
Chloride (mEq/L) 95-105 101 (96-104) 102 (94-104) .30
Bicarbonate (mEq/L) 20-30 27 (22-31) 29 (26-30) 25
Anion gap (mEq/L) 13-20 19 (12-22) 18 (14-20) .35
Total calcium (mg/dL) 7.6-10.2 8.9 (7.9-10.1) 8.5 (7.0-9.6) .09
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Table 5. Result of multivariate logistic regression
analysis of the variables associated with bacteremia in
postpartum dairy cows.

Variable  Coefficient SE P-value  OR (95% CI)
Intercept —4.790 0.074 .001 N/A N/A
Basophils —2.581 1.142 .023 0.076  0.008-0.711
Globulin 1.563 0.658 .018 4771  1.314-17.33

OR, odds ratio; CI, confidence interval; SE, standard error.

subclinical hypocalcemia was 91.3%."* Thus, our find-
ings are in line with previously reported data.

Farm played a role in the prevalence of bacteremia
in this study. Cattle from 2 of the 3 farms enrolled in
the study were significantly more likely to be bactere-
mic than cattle from the other farm. The reasons for
this are not clear. The distance from these farms to the
diagnostic lab were similar to the other. In addition,
similar techniques were used to collect the blood cul-
tures on each farm. One factor might be that cattle on
the 2 farms from which bacteremic cattle were more
frequently identified often diagnosed cattle with APM
at a later time during the 10-day monitoring period.

The significance of identifying bacteremia in over
half of all cattle sampled in this study is unknown.
However, studies in humans and mice have shown that
bacterial translocation from various organ systems to
the mesenteric lymph nodes and mammary gland
occurs during late pregnancy and early lactation.'®'
It is believed that these bacteria might serve as a
means to program the neonatal immune system to bac-
terial molecular patterns and ensure appropriate
responses to pathogens and commensal organisms.'*!>
Clearly, more work needs to be done in this area
before definitive conclusions can be reached.

Numerous studies have shown that peripaturient
dairy cattle experience varying degrees of immunocom-
promise.'®'® Cells of the innate and adaptive immune
systems, particularly members of the neutrophil,
monocyte/macrophages, and circulating lymphocytes,
have long been thought to be responsible for clearance
of bacteria from the bloodstream. For example, Regg-
iardo and Kaeberle identified bacteremia in 85% of
cattle experimentally infected with bovine viral diar-
rhea virus.!” Here, bacteremia was closely associated
with the number of circulating leukocytes, particularly
the total lymphocyte population. In humans, neutrope-
nia has been found to be a significant risk factor for
bacteremia associated with Gram negative bacilli.”* In
this study, patients with neutropenia (<500 neutroph-
ils/uL) were 8.1 times more likely to be bacteremic
than patients with >500 neutrophils/uL.>° Work from
cattle with coliform mastitis would suggest that neu-
tropenia is a contributor to bacteremia in that popula-
tion of animals.?' In this study, cattle with basophils
present in the circulation were approximately 13 times
less likely to be bacteremic than cattle without circulat-
ing basophils. Traditionally, basophils have been seen
as contributors to allergic reactions and anti parasitic
defense.® However, recent evidence suggests that

basophils might play a role in enhancement of immu-
nologic memory responses by enhancing B-cell prolif-
eration and immunoglobulin production.?* In addition,
mice depleted of basophils and experimentally infected
with Streptoccous pneumoniae were more likely to die
than mice that were basophil replete.”® It is clear,
therefore, that cellular immune responses are impor-
tant for defense against blood borne bacterial infec-
tion.

Bacillus spp. was the organism most frequently iso-
lated from the bloodstream of cattle in both groups in
this study. Traditionally, Bacillus spp. has been
thought to have a ubiquitous distribution in the envi-
ronment and is often viewed as a contaminant of
blood cultures from both humans and animals.?*2¢
Nevertheless, Bacillus spp. was identified as the organ-
ism most frequently isolated from dairy cattle with
coliform mastitis, even though it was not routinely iso-
lated from milk of affected animals.’ In fact, Bacillus
spp. could be isolated from the bloodstream with
approximately 8 times greater frequency in cattle with
coliform mastitis than in controls. However, unlike
cattle in which E. coli, Salmonella spp., or Klebsiella
pneumonia could be isolated, animals with Bacillus
spp. bacteremia were not at increased risk of mortal-
ity.> In addition, the frequency with which Bacillus
spp. could be isolated was similar across disease sever-
ity groups. Members of the Bacillus genus, particularly
B. licheniformis, can frequently be isolated from the
uterine lumen of cattle with and without uterine dis-
ecase.”’ In fact, Williams et al. showed that cattle from
which B. licheniformis could be isolated had greater
acute phase protein responses than cattle from which
this organism was not cultured.?’” Thus, Bacillus spp.,
under the right circumstances, can be a pathogen and
stimulate significant inflammatory responses.

In addition to originating from the uterine lumen,
the bacteria isolated from the bloodstream in the cattle
in this study might have originated from the gastroin-
testinal tract. Liver abscesses have been identified in
23.4% of Holstein cattle at slaughter.”® It is well
accepted that the bacteria found in liver abscesses orig-
inate from the rumen and gain access to the circulation
via a compromised rumen mucosa.>*° Thus, it is pos-
sible that the bacteria identified in the bloodstream of
certain cattle in this study, particularly high-producing
cattle, originated from the rumen and these animals
were bacteremic as a result of subclinical rumen acido-
sis secondary to feeding a high concentrate ration in
the early postpartum period.

Studies from sheep and in vitro studies of bovine
pulmonary endothelial cells have shown that endotoxin
and inflammatory mediators can cause cellular damage
severe enough to result in increased permeability and
hydraulic conductance.’*? In addition, studies in mice
have shown displacement of proteins associated with
intercellular tight junctions during experimentally
induced sepsis.*> This altered expression and a dis-
rupted mucosal barrier, as measured by radioactively
labeled biotin permeability, accompanies disruption of
tight junction proteins.*® Furthermore, studies have
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also shown that cattle with APM have increased levels
of LPS in the circulation when compared to health
controls.>* Therefore, bacteremia with Bacillus spp.
might reflect translocation of the bacteria from the
uterine lumen or distant sites through compromised
cellular barriers resulting from systemic inflammation
or, as previously mentioned, a disrupted uterine epithe-
lial barrier.

The results of this study demonstrate that bactere-
mia occurs in a large proportion of postparturient
dairy cattle, both healthy and with APM. While the
cause of the high risk of bacteremia is unclear, bacte-
rial colonization of the involuting uterus, periparturi-
ent immunosuppression, and systemic inflammation
can all play a role. In addition, novel data from
humans and mice would suggest that bacteremia in the
mother might serve to inoculate the neonatal gastroin-
testinal tract with bacteria. On the basis of the results
of this study, bacteremia should be considered a com-
mon occurrence in postparturient dairy cow. Future
studies with larger numbers of animals should be per-
formed to further identify other differences between
healthy and diseased cattle.

Footnotes

# GLA M750 Series Thermometer; GLA Agricultural Electronics,
San Luis Obispo, GA

® Double guarded culture swab; Jorgensen Laboratories, Love-
land, CO

¢ BD Laboratories, Franklin Lakes, NJ

4 Stata, Version 12.1; StataCorp, LP, College Station, TX

Acknowledgments

This project was funded in part by the American
Association of Bovine Practitioners, Boehringer Ingel-
heim Vetmedica, Inc, and the United States Depart-
ment of Agriculture Animal Health Formula Funds.

Conflict of Interest Declaration: Authors disclose no
conflict of interest.

References

1. Sheldon IM, Lewis GS, LeBlanc S, et al. Defining postpar-
tum uterine disease in cattle. Theriogenology 2006;65:1516—1530.

2. Sheldon IM, Cronin J, Goetze L, et al. Defining postpar-
tum uterine disease and the mechanisms of infection and immu-
nity in the female reproductive tract in cattle. Biol Reprod
2009;81:1025-1032.

3. Overton M. Periparturient Management for Post-Parturient
Success. North American Veterinary Conference, Orlando, FL,
2008;30-38.

4. Johns I, Tennent-Brown B, Schaer BD, et al. Blood culture
status in mature horses with diarrhoea: A possible association
with survival. Equine Vet J 2009;41:160—164.

5. Wenz JR, Barrington GM, Garry FB, et al. Bacteremia
associated with naturally occuring acute coliform mastitis in
dairy cows. J Am Vet Med Assoc 2001;219:976-981.

6. Elliott L, McMahon KJ, Gier HT, et al. Uterus of the cow
after parturition: Bacterial content. Am J Vet Res 1968;29:77-81.

7. Gier HT, Marion GB. Uterus of the cow after parturition:
Involutional changes. Am J Vet Res 1968;29:83-96.

8. Murphy K. Janeway’s Immunobiology, 8th ed. New York,
NY: Garland Science; 2012.

9. Grunberg W, Donkin SS, Constable PD. Periparturient
effects of feeding a low dietary cation-anion difference diet on
acid-base, calcium, and phosphorus homeostasis and on intrave-
nous glucose tolerance test in high-producing dairy cows. J Dairy
Sci 2011;94:727-745.

10. Larson BL, Kendal KA. Changes in specific blood serum
protein levels associated with parturition in the bovine. J Dairy
Sci 1957;40:659-666.

11. Little W. Effect of stage of lactation on concentration of
albumin in serum of dairy cows. Res Vet Sci 1974;17:193-199.

12. Bertoni G, Trevisi E, Han X, et al. Effects of inflamma-
tory conditions on liver activity in puerperium period and conse-
quences for performance in dairy cows. J Dairy Sci
2008;91:3300-3310.

13. Martinez N, Risco CA, Lima FS, et al. Evaluation of
peripartal calcium status, energetic profile, and neutrophil func-
tion in dairy cows at low or high risk of developing uterine dis-
ease. J Dairy Sci 2012;95:7158-7172.

14. Donnet-Hughes A, Perez PF, Dore J, et al. Potential role
of the intestinal microbiota of the mother in neonatal immune
education. Proc Nutr Soc 2010;69:407-415.

15. Perez PF, Dore J, Leclerc M, et al. Bacterial imprinting of
the neonatal immune system: Lessons from maternal cells? Pedi-
atrics 2007;119:€724-732.

16. Van Kampen C, Mallard BA. Effects of peripartum stress
and health on circulating bovine lymphocyte subsets. Vet Immu-
nol Immunopathol 1997;59:79-91.

17. Vangroenweghe F, Lamote I, Burvenich C. Physiology of
the periparturient period and its relation to severity of clinical
mastitis. Domest Anim Endocrinol 2005;29:283-293.

18. Mallard BA, Dekkers JC, Ireland MJ, et al. Alteration in
immune responsiveness during the peripartum period and its
ramification on dairy cow and calf health. J Dairy Sci
1998;81:585-595.

19. Reggiardo C, Kaeberle ML. Detection of bacteremia in
cattle inoculated with bovine viral diarrhea virus. Am J Vet Res
1981;42:218-221.

20. Mathews WC, Caperna J, Toerner JG, et al. Neutropenia
is a risk factor for gram-negative bacillus bacteremia in human
immunodeficiency virus-infected patients: Results of a nested
case-control study. Am J Epidemiol 1998;148:1175-1183.

21. Wenz JR, Barrington GM, Garry FB, et al. Use of sys-
temic disease signs to assess disease severity in dairy cows with
acute coliform mastitis. J Am Vet Med Assoc 2001;218:567-572.

22. Denzel A, Maus UA, Rodriguez Gomez M, et al. Baso-
phils enhance immunological memory responses. Nat Immunol
2008;9:733-742.

23. Cebra CK, Garry FB, Dinsmore RP. Naturally occurring
acute coliform mastitis in Holstein cattle. J Vet Intern Med
1996;10:252-257.

24. Powers MS, White ME, Dinsmore P, et al. Aerobic blood
culturing in cows with coliform mastitis. J Am Vet Med Assoc
1986;189:440-441.

25. Mavangira V, Angelos JA, Samitz EM, et al. Gangrenous
mastitis caused by Bacillus species in six goats. J Am Vet Med
Assoc 2013;242:836-843.

26. Stewart GC, Thompson BM. Bacillus, 3rd ed. Ames, IA:
Wiley-Blackwell; 2013.

27. Williams EJ, Fischer DP, Pfeiffer DU, et al. Clinical eval-
uation of postpartum vaginal mucus reflects uterine bacterial



1612 Credille et al

infection and the immune response in cattle. Theriogenology
2005;63:102-117.

28. Dore E, Fecteau G, Helie P, et al. Liver abscesses in Hol-
stein dairy cattle: 18 cases (1992-2003). J Vet Intern Med
2007;21:853-856.

29. Narayanan S, Nagaraja TG, Okwumabua O, et al. Ribo-
typing to compare Fusobacterium necrophorum isolates from
bovine liver abscesses, ruminal walls, and ruminal contents. Appl
Environ Microbiol 1997;63:4671-4678.

30. Narayanan S, Nagaraja TG, Wallace N, et al. Biochemical
and ribotypic comparison of Actinomyces pyogenes and A. pyoge-
nes-like organisms from liver abscesses, ruminal wall, and
ruminal contents of cattle. Am J Vet Res 1998;59:271-276.

31. Meyrick B, Hoover R, Jones MR, et al. In vitro effects of
endotoxin on bovine and sheep lung microvascular and pulmo-
nary artery endothelial cells. J Cell Physiol 1989;138:165-174.

32. Meyrick BO. Endotoxin-mediated pulmonary endothelial
cell injury. Fed Proc 1986;45:19-24.

33. Li Q, Zhang Q, Wang C, et al. Disruption of tight junc-
tions during polymicrobial sepsis in vivo. J Pathol 2009;218:210—
221.

34. Williams EJ, Fischer DP, Noakes DE, et al. The relation-
ship between uterine pathogen growth density and ovarian
unction in the postpartum dairy cow. Theriogenology 2007;68:
549-559.



