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ABSTRACT

The objectives were to evaluate the clinical response
to intrauterine administration of chitosan microparti-
cles (CM) and to assess efficacy for preventing metritis
in dairy cows. Holstein cows (n = 104; 40 primiparous
and 64 multiparous) at increased risk for metritis (cows
that had abortion, dystocia, twins, stillbirth, or retained
placenta) were randomly assigned to 1 of 2 treatments
at 1 d in milk (DIM; 24 h postpartum): CM group (n
= 52), daily intrauterine infusion of 8 g of CM dis-
solved in 40 mL of sterile water for 5 d; control (CON)
group (n = 52), daily intrauterine infusion of 40 mL of
sterile water for 5 d. Clinical response was assessed by
evaluation of parameters associated with inflammation
(rectal temperature and plasma haptoglobin concentra-
tion) and metabolism [plasma nonesterified fatty acid
(NEFA) and 3-hydroxybutyrate (BHB) concentrations]
up to 14 DIM, and daily milk yield up to 30 DIM.
Uterine discharge pH was evaluated at 4, 7, 10, and 14
DIM as an indicator of bacterial load and acid byprod-
uct production. The cumulative incidence of metritis
was evaluated up to 4, 7, 10, and 14 DIM. Continuous
and dichotomous outcomes were evaluated with mixed
linear and logistic regression analysis, respectively.
Treatment with CM did not affect rectal temperature
(39.17 £ 0.04 vs. 39.14 £ 0.04°C), haptoglobin (1.10 +
0.05 vs. 1.07 + 0.05 mg/mL), NEFA (0.64 £+ 0.04 vs.
0.63 + 0.04 mmol /L), BHB (0.61 + 0.03 vs. 0.57 £ 0.03
mmol/L), or milk yield (30.3 £ 0.92 vs. 30.1 £+ 0.97
kg/d) compared with CON. An interaction between
treatment and time showed that NEFA concentrations
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were lower for CM than CON at 10 DIM (0.46 £ 0.06
vs. 0.64 £ 0.06 mmol/L). Treatment with CM resulted
in greater uterine discharge pH than CON (6.91 +
0.03 vs. 6.83 £ 0.02). Cows that developed metritis
had increased concentrations of haptoglobin and BHB,
and decreased uterine discharge pH and milk yield.
Treatment with CM resulted in decreased incidence of
metritis up to 7 DIM compared with CON (46.2 vs.
65.4%); however, no differences were found at 4 (11.5
vs. 17.3%), 10 (61.5 vs. 73.1%), and 14 DIM (63.5 vs.
73.1%) for CM versus CON, respectively. In conclusion,
CM did not alter clinical parameters of cows at risk
for metritis, and may merit further investigation for
prevention of metritis. However, the duration of treat-
ment may have to be extended to effectively reduce the
incidence of metritis during the high-risk period.

Key words: metritis, chitosan microparticles, dairy
cow

INTRODUCTION

Contamination of the female reproductive tract fol-
lowing parturition is ubiquitous in dairy cows (Sheldon
and Dobson, 2004; Jeon et al., 2015) leading to high
prevalence (~20%) of metritis. The incidence of metritis
in cows at increased risk for metritis such as cows that
had dystocia, twins, retained placenta (RP), or still-
birth is >50% (Markusfeld, 1984; Curtis et al., 1985;
Martinez et al., 2012). Besides having welfare implica-
tions because of the pain associated with this condition
(Stojkov et al., 2015), metritis leads to economic loss
because of decreased milk yield, decreased fertility, and
increased culling (Overton and Fetrow, 2008). Although
uterine bacterial contamination is ubiquitous postpar-
tum, FEscherichia coli, Trueperella pyogenes, Fusobacte-
rium necrophorum, and Bacteroides spp. are thought to
be the main causative agents of metritis (Sheldon and
Dobson, 2004; Bicalho et al., 2010; Jeon et al., 2015).
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Recent work has highlighted the importance of E. coli
(Bicalho et al., 2010; Sheldon et al., 2010), especially
the fact that E. coli predisposes to infection with other
pathogenic bacteria such as F. necrophorum and T.
pyogenes (Bicalho et al.; 2012), increases the likelihood
of developing metritis, and decreases the likelihood of
pregnancy (Bicalho et al., 2010, 2012).

Third-generation cephalosporins are approved for
treatment of metritis and have been used success-
fully to prevent metritis (Risco and Hernandez, 2003;
McLaughlin et al., 2013). However, the US Food and
Drug Administration has prohibited the use of third-
generation cephalosporins for prevention of disease in
cattle. This prohibition was based on the risk to public
health because of increased resistance of Salmonella to
cephalosporin antibiotics, and the link to cephalosporin
use in food animals. This action highlights the need for
alternative antibiotics for prevention and treatment of
disease in food animals, so we can protect human and
animal health. Nonetheless, during the last 2 decades,
research into discovering and developing new antibacte-
rial agents has been limited (Courvalin, 2008). This
antagonistic reality of increased antimicrobial resis-
tance of bacteria and limited therapeutic availability
of antibiotics will likely limit the options for prevention
and treatment of metritis and other diseases.

Recent research from our group has demonstrated
that chitosan microparticles (CM) can be a viable al-
ternative to traditional antibiotics (Jeon et al., 2014).
We demonstrated that CM acts by binding to structural
components of the bacterial cell membrane and have a
dose-dependent broad spectrum of antimicrobial activ-
ity (Jeon et al., 2014). Although CM work better at
low pH, they work well at neutral pH, which is critical
for activity in the lumen of organs. Indeed, we showed
that intrauterine infusion of 8 g/d of CM for 5 d was
as effective as systemic treatment with 2.2 mg/kg of
ceftiofur hydrochloride for 5 d at reducing the number
of E. coli in the uterus (Jeon et al., 2014). Another
important feature of CM is that they exert a broad
spectrum of antimicrobial activity without increasing
resistance (Ma et al., 2016), probably because it acts by
binding to structural components of the bacterial cell
wall (Jeon et al., 2014).

Although chitosan is categorized as GRAS (generally
recognized as safe) for general use in foods by the Food
and Drug Administration, no evaluation has been done
of clinical response after intrauterine administration in
cows. Therefore, one of the objectives of this study was
to evaluate the clinical response after intrauterine ad-
ministration of CM in dairy cows. We also hypothesized
that intrauterine infusion of CM in cows at increased
risk for metritis would decrease the incidence of metri-
tis; therefore, the second objective was to evaluate the
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efficacy of intrauterine CM administration in prevent-
ing metritis in dairy cows.

MATERIALS AND METHODS
Cows, Housing, and Feeding Management

All animal procedures were approved by the Uni-
versity of Florida Institutional Animal Care and Use
Committee (IACUC# 201207405). This study was
conducted in a 4,000 lactating-cow herd located in
North Central Florida. A total of 104 (40 primiparous
and 64 multiparous) Holstein cows at increased risk
for metritis (cows that had abortion, dystocia, twins,
stillbirth, or retained placenta were enrolled from
January to April 2014. Cows were housed in free-stall
barns and were milked 3 times daily. The rolling herd
average milk production was approximately 11,000 kg
of milk/cow per year. Cows were fed the same TMR,
formulated to meet or exceed the NRC (2001) nutrient
requirements for lactating Holstein cows weighing 680
kg and producing 45 kg of 3.5% FCM.

Sample Size

The outcome metritis incidence was used for sample
size calculation because dichotomous outcomes typical-
ly have a larger variance and so require a larger sample
than a similar effect size with a continuous outcome
(Bhandari et al., 2002). The sample size was calculated
to detect a difference of 17 percentage units (28 vs. 45%
or 45 vs. 62%) in metritis incidence because this was the
weighted average reduction in metritis incidence when
ceftiofur was used to prevent metritis in dairy cows at
increased risk for metritis (Risco and Hernandez, 2003;
McLaughlin et al., 2013). A sample size of 104 cows (52
per group) was calculated (Minitab Inc., State College,
PA) for a = 0.05 and 3 = 0.20, and allowing for up to
10% attrition. With this sample size, we would be able
to detect a difference of 0.15 mmol/L in nonesterified
fatty acids (NEFA), 0.15 mmol/L in BHB, or 0.15 mg/
mL in haptoglobin, with a standard deviation of 0.25, o
of 5%, and power of 80%.

Inclusion and Exclusion Criteria

Only cows with at least one risk factor for metritis
(abortion, dystocia, twins, stillbirth, or retained pla-
centa) were eligible for enrollment in the study. Abor-
tion was defined as expulsion of a dead calf between dry
off (220 d of gestation) and 260 d of gestation. Calving
difficulty was scored using a scale from 1 to 5: 1 = no
assistance; 2 = assistance by one person without the
use of mechanical traction; 3 = assistance by 2 or more
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people; 4 = assistance with mechanical traction; 5 =
fetotomy or cesarean section. Calving difficulty 2 to 5
were considered dystocia; however, cows with score 5
were not included in the study. Twins were defined as
the birth of 2 calves. Stillbirth was defined as the birth
of a dead calf after 260 d of gestation. Retained placenta
was defined as failure to release the placenta within 24
h of parturition. The distribution of risk factors in each
group is shown in Table 1. Cows with compromised
general health status such as clinically lame cows, cows
with displaced abomasum, pneumonia, Johne’s disease,
cancer, or any other debilitating condition were not
included in the study.

Treatment Assignment

To achieve a balanced inclusion within parity, 2 en-
rollment lists were prepared, one for primiparous and
another for multiparous cows. The first cow to be en-
rolled was allocated to 1 of the 2 treatment groups (CM
or control, CON) by flipping a coin. The following cow
to be enrolled was assigned to the opposite treatment
group, and this scheme was followed systematically
until the target sample size was reached. This scheme
allowed for equal sample sizes between groups.

Cows in the CM group (n = 52) received daily in-
trauterine infusion of 8 g of CM suspended in 40 mL
of sterile water for 5 d, starting at 1 DIM (24 h after
calving). Cows in the CON group (n = 52) received
daily intrauterine infusion of 40 mL of sterile water for
5 d, starting at 1 DIM. An insemination pipette (Next
Generation 30" Superflex Deep Horn Insemination pi-
pettes, York, PA) was used to deliver the solution into
the uterine lumen. The intrauterine infusions were per-
formed after the vulva was cleaned using iodine scrub
and 70% alcohol.

Dosage and Treatment Period Determination

The treatment dose of 8 g/d was calculated to achieve
a concentration of at least 0.2% of CM in the uterine
lumen, assuming the uterus holds a volume of approxi-
mately 4 L. Based on previous work, the volume of the
uterus was estimated to be approximately 4 L (Gier
and Marion, 1968; Mateus et al., 2002). The concentra-
tion of 0.2% of CM had been shown to be effective in
eliminating intrauterine E. coli in vitro and the dose
of 8 g/d had been shown to be effective in eliminat-
ing intrauterine E. coli in vivo (Jeon et al., 2014). The
treatment period was set to 5 d to mirror the treatment
period recommendation for treatment of metritis using
ceftiofur hydrochloride (Excenel, Zoetis, Madison, NJ)
as performed in our previous study (Jeon et al., 2014).
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Table 1. Distribution of risk factors for development of metritis by
treatment glroup1

) CM (%) CON (%)
Risk factor” Level (n=532) (n=52) P-value
Parity Primiparous 38.5 38.5 1.00
Multiparous 61.5 61.5 —
BCS <3.0 17.3 13.5 0.59
>3.0 82.7 86.5 —
VLS 0 36.5 34.6 0.97
1 34.6 36.5 —
2 28.9 28.9 —
Abortion Yes 3.9 11.5 0.14
No 96.2 88.5 —
Dystocia Yes 82.7 69.2 0.11
No 17.3 30.8 —
Twins Yes 11.5 13.5 0.77
No 88.5 86.5 —
Stillbirth Yes 1.9 5.8 0.31
No 98.1 94.2 —
RP Yes 13.5 21.2 0.30
No 86.5 78.9 —

!CM received daily intrauterine infusion of 8 g of chitosan micropar-
ticles dissolved in 40 mL of sterile water for 5 d, starting at 1 DIM (24
h after calving); CON received daily intrauterine infusion of 40 mL of
sterile water for 5 d, starting at 1 DIM.

VLS = vulvovaginal laceration score: 0 = no laceration; 1 = lacera-
tion less than 2 cm at dorsal commissure of the vulva, at the lateral
walls of the vulva/vagina, or both; 2 = laceration greater than 2 cm
at dorsal commissure of the vulva, at the lateral walls of the vulva/
vagina, or both; RP = retained placenta, failure to release the placenta
within 24 h of parturition.

Blood Sampling, and NEFA, BHB,
and Haptoglobin Measurement

Blood samples were collected by venipuncture of the
tail vessels using evacuated tubes containing EDTA
as the anticoagulant at 4, 7, 10, and 14 DIM. Blood
samples were placed on ice until processing. Within 6
h of collection, samples were centrifuged and plasma
was harvested and frozen at —80°C until analysis. Com-
mercial kits were used to determine plasma concentra-
tions of NEFA (NEFA-C kit; Wako Diagnostics Inc.,
Richmond, VA; as modified by Johnson and Peters,
1993) and BHB (Wako Autokit 3-HB; Wako Diagnos-
tics Inc.) as previously reported (Martinez et al., 2012).
Inter- and intraassay coefficients of variation were 6.3
and 4.5% for NEFA, and 8.5 and 3.6% for BHB, re-
spectively. Plasma concentration of haptoglobin was
determined using a colorimetric method based on
peroxidase activity as previously described (Cooke and
Arthington, 2013). Inter- and intraassay coefficients of
variation were 3.2 and 9.0%.

Animal Evaluation and Metritis Diagnosis

Evaluation for the presence of vulvovaginal lacera-
tion was performed at enrollment and scored as pre-
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viously described: vulvovaginal laceration score 0 =
no laceration; 1 = laceration less than 2 ¢m at dorsal
commissure of the vulva, at the lateral walls of the
vulva/vagina, or both; 2 = laceration greater than 2
cm at dorsal commissure of the vulva, at the lateral
walls of the vulva/vagina, or both (Vieira-Neto et al.,
2016). Body condition was also scored at enrollment
using a scoring system from 1 (emaciated) to 5 (obese)
as previously described (Ferguson et al., 1994). Rectal
temperature was measured daily, at the same time each
day, up to 5 DIM, and then at 7, 10, and 14 DIM, using
an electronic thermometer (GLA Agricultural Prod-
ucts, San Luis Obispo, CA). Individual milk production
was recorded daily and was later retrieved for the first
30 DIM from the farm management software (PCDart,
Dairy Records Management Systems, Raleigh, NC).
Uterine discharge was retrieved from the vagina
using the Metricheck device (Simcro, Hamilton, New
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Figure 1. Least squares means (£SE) for rectal temperature (A)
and plasma concentrations of haptoglobin (B). The CM group (n =
52; open triangle-dashed line) received daily intrauterine infusion of 8
g of chitosan microparticles dissolved in 40 mL of sterile water for 5
d, starting at 1 DIM (24 h after calving); CON (n = 52; solid square,
solid line) received daily intrauterine infusion of 40 mL of sterile water
for 5 d, starting at 1 DIM. Rectal temperature: Treatment (TRT), P
= 0.61; DIM, P < 0.001; TRT x DIM, P = 0.59. Haptoglobin: TRT,
P = 0.66; DIM, P < 0.001; TRT x DIM, P = 0.62.
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Zealand) at 4, 7, 10, and 14 DIM. The uterine discharge
was scored as previously described: 1 = clear or translu-
cent mucus; 2 = not fetid, normal lochia (viscous; red,
brown, or clear); 3 = not fetid; thick mucus; cloudy,
clearing, or clear; 4 = not fetid; may be purulent, muco-
purulent, or chocolate brown; and 5 = watery, reddish
or brownish color of fetid discharge (Chenault et al.,
2004). Metritis was defined as a score of 5 regardless of
rectal temperature. The uterine discharge was collected,
placed on ice, and pH was measured in the laboratory
using a pH meter (pH/Ton 510, Oakton Instruments,
Vernon Hills, IL).

Masking

Because the CM solution and sterile water had dif-
ferent colors, and because uterine infusion and uterine
discharge evaluation were performed at the same time
at 4 DIM, the investigators were not masked at 4 DIM.
Nonetheless, the investigators were unaware of group
assignment at the evaluations at 7, 10, and 14 DIM.
Farm personnel were unaware of group assignment.

Statistical Analysis

Continuous outcomes such as rectal temperature,
plasma haptoglobin, NEFA, and BHB concentrations,
and uterine pH were analyzed by ANOVA for repeated
measures using the MIXED procedure of SAS (version
9.4; SAS Institute Inc., Cary, NC). Outcomes were ana-
lyzed as repeated measures. Models included the fixed
effects of treatment (CM or CON), DIM (1, 4, 7, 10,
and 14), dystocia (yes or no), RP (yes or no), twins,
stillbirth or abortion (yes or no), parity (primiparous
or multiparous), BCS (<3.0 or >3.0), laceration score
(0 or >1), the interaction between treatment and DIM,
and cow nested within treatment as the random effect.
Interactions between treatment and other significant
covariates were also tested. Compound symmetry
covariance structure resulted in the smallest Akaike
information criterion; therefore, it was used in the re-
peated measures analysis. Evaluation of normality of
the residuals was performed in SAS by inspection of
standardized residuals plotted against predicted val-
ues. Plasma NEFA, BHB, and haptoglobin had to be
log transformed, and were back transformed for data
presentation. Pearson correlations between rectal tem-
perature and plasma haptoglobin and between plasma
NEFA and BHB were tested using the CORR proce-
dure of SAS.

The main dichotomous outcome of interest was
development of metritis up to 4, 7, 10, and 14 DIM.
Cumulative incidence was calculated as the number of
cases from calving until 4, 7, 10, or 14 DIM divided

Journal of Dairy Science Vol. 99 No. 11, 2016



8950

DAETZ ETAL.

Table 2. Overall least squares means (+SE) results for the effects of parity and metritis on pH, haptoglobin,

nonesterified fatty acids (NEFA), BHB, and milk yield

Outcome' Variable Level® Value P-value
Rectal temperature (°C) Metritis Yes 39.15 £ 0.03 0.88
No 39.16 £ 0.05
Parity Multiparous 39.01 £ 0.03 <0.001
Primiparous 39.30 £ 0.05
Haptoglobin (mg/mL) Metritis Yes 1.23 + 0.06 <0.001
No 0.95 + 0.04
Parity Multiparous 1.02 £ 0.04 0.07
Primiparous 1.14 £+ 0.06
NEFA (mmol/L) Metritis Yes 0.64 + 0.03 0.80
No 0.63 = 0.05
Parity Multiparous 0.69 £ 0.03 0.02
Primiparous 0.57 £ 0.04
BHB (mmol/L) Metritis Yes 0.64 £ 0.03 0.05
No 0.54 + 0.04
Parity Multiparous 0.74 £ 0.03 <0.001
Primiparous 0.44 £ 0.04
Milk (kg/d) Metritis Yes 27.39 £ 0.77 <0.001
No 33.00 + 1.18
Parity Multiparous 32.39 £ 0.82 0.001
Primiparous 27.99 £ 1.10
Uterine discharge pH Metritis Yes 6.84 + 0.03 0.003
No 6.97 + 0.02
Parity Multiparous 6.86 + 0.02 0.56
Primiparous 6.88 + 0.03

'pH was measured after retrieving the uterine discharge at 4, 7, 10, and 14 DIM; rectal temperature was mea-
sured from 1 to 5 DIM then at 7, 10, and 14 DIM; plasma haptoglobin, NEFA and BHB were measured at 4,
7, 10, and 14 DIM; milk yield was measured daily for the first 30 DIM.

*CM received daily intrauterine infusion of 8 g of chitosan microparticles dissolved in 40 mL of sterile water for
5 d, starting at 1 DIM (24 h after calving); CON received daily intrauterine infusion of 40 mL of sterile water

for 5 d, starting at 1 DIM.

by the total number of cows enrolled in each group.
Two cows died with toxic metritis (1 from CM and 1
from CON) and 4 were sold after a diagnosis of metritis
(1 from CM and 3 from CON). These cows were not
excluded from the analysis. Incidence of metritis up to
4,7, 10, and 14 DIM was analyzed by logistic regres-
sion using the LOGISTIC procedure of SAS (version
9.4; SAS Institute Inc., Cary, NC). The model used
was similar to the one described previously but without
DIM or random effects. Backward elimination was used
for final model selection. Variables were excluded when
P > 0.10 using the Wald statistic criterion. Descriptive
statistics proportions were compared by chi-square or
Fisher’s exact test using the FREQ procedure of SAS.
Differences with P < 0.05 were considered significant
and differences with 0.05 < P < 0.10 were considered a
tendency toward statistical significance.

RESULTS
Descriptive Statistics

The distribution of risk factors in each group is
shown in Table 1. No significant differences were found
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between the treatment groups in any of the risk factors
evaluated.

Continuous Outcomes

Rectal Temperature. No effect was found of treat-
ment or interaction between treatment and DIM (P =
0.59) on rectal temperature (CM 39.17 £+ 0.04 vs. CON
39.14 4+ 0.04°C; P = 0.61; Figure 1A). Days in milk
affected (P < 0.001) rectal temperature with rectal
temperature increasing from 1 to 4 DIM, then decreas-
ing steadily until 10 DIM, before increasing again at 14
DIM (Figure 1A). Primiparous cows had greater rectal
temperature than multiparous cows (39.30 £+ 0.05 vs
39.01 £ 0.03; P < 0.001; Table 2).

Haptoglobin. Treatment and interaction between
treatment and DIM had no effect (P = 0.62) on plasma
haptoglobin concentration (CM 1.10 + 0.05 vs. CON
1.07 + 0.05 mmol/L; P = 0.66; Figure 1B). Days in
milk had an effect (P < 0.001) on plasma haptoglobin
in which plasma haptoglobin concentration increased
from 1 to 4 DIM, remained high until 7 DIM, then
decreased steadily until 14 DIM (Figure 1B). Metritic
cows had greater plasma haptoglobin concertation than
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cows without metritis (1.23 + 0.03 vs. 0.95 £ 0.06 mg/
mL; P < 0.001; Table 2). Primiparous cows tended to
have greater plasma haptoglobin concentration than
multiparous cows (1.14 £+ 0.05 vs. 1.02 + 0.04 mg/mL;
P = 0.07; Table 2).

NEFA. Treatment had no effect on plasma NEFA
concentration (CM 0.64 + 0.04 vs. CON 0.63 + 0.04
mmol/L; P = 0.87; Figure 2A). An interaction was ob-
served between treatment and DIM (P = 0.02) in which
cows treated with CM had lower NEFA concentration
at 10 DIM than CON cows (0.46 £ 0.06 vs. 0.64 +
0.06 mmol/L; P = 0.03; Figure 2A). Days in milk had
an effect (P < 0.001) on plasma NEFA concentration
in which plasma NEFA increased from 1 DIM until
4 DIM, then decreased steadily until 14 DIM (Figure
2A). Multiparous cows had a greater NEFA concentra-
tion than primiparous cows (0.69 + 0.03 vs. 0.57 & 0.04
mmol/L; P = 0.02; Table 2).
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Figure 2. Least squares means (+SE) of plasma concentrations
for NEFA (A) and BHB (B). The CM group (n = 52; open triangle-
dashed line) received daily intrauterine infusion of 8 g of chitosan
microparticles dissolved in 40 mL of sterile water for 5 d, starting at
1 DIM (24 h after calving); CON (n = 52; solid square, solid line)
received daily intrauterine infusion of 40 mL of sterile water for 5 d,
starting at 1 DIM. NEFA: Treatment (TRT), P = 0.87; DIM, P <
0.001; TRT x DIM, P = 0.02; *P = 0.01. BHB: TRT, P = 0.26; DIM,
P < 0.01; TRT x DIM, P = 0.81.
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BHB. Treatment and interaction between treatment
and DIM had no effect (P = 0.81) on plasma BHB
concentration (CM 0.61 + 0.04 vs. CON 0.57 4+ 0.04
mmol/L; P = 0.26; Figure 2B). Days in milk had an
effect (P < 0.001) on plasma BHB concentration in
which plasma BHB increased from 1 DIM until 4 DIM,
remained high until 7 DIM, then decreased steadily
until 14 DIM (Figure 2B). Metritic cows had greater
plasma BHB concentration than cows without metritis
(0.64 + 0.02 vs. 0.54 + 0.03 mmol/L; P = 0.05; Table
2). Multiparous cows had greater plasma BHB concen-
tration than primiparous cows (0.74 + 0.04 vs. 0.44 +
0.03 mmol/L; P < 0.001; Table 2).

M:ilk Production. Treatment and interaction be-
tween treatment and DIM had no effect (P = 0.27) on
milk yield in the first 30 DIM (CM 30.26 4+ 0.92 vs.
CON 30.12 4+ 0.97 kg/d; P = 0.91; Figure 3). Days in
milk had an effect (P < 0.001) on milk yield in which
milk yield increased abruptly from 1 to 2 DIM, then
increased steadily until 30 DIM (Figure 3). Metritic
cows produced less milk in the first 30 DIM than cows
without metritis (27.39 £ 0.77 vs. 33.00 £+ 1.18 kg/d;
P < 0.001; Table 2). Multiparous cows produced more
milk than primiparous cows (32.39 + 0.82 vs. 27.99 +
1.10 kg/d; P < 0.001; Table 2).

Uterine Discharge pH. Treatment affected uter-
ine discharge pH, and cows receiving CM had greater
uterine discharge pH than CON cows (6.91 £ 0.03 vs.
6.83 + 0.03; P = 0.05; Figure 4). Although no interac-
tion was found between treatment and time (P = 0.55),
uterine pH was greater for the CM group than CON
only at 7 DIM (7.03 4+ 0.05 vs. 6.88 + 0.05; P = 0.02;
Figure 5). There was an effect of DIM (P < 0.001) on
uterine discharge pH in which uterine discharge pH was
lower at 10 and 14 DIM than at 4 and 7 DIM (Figure
4). Metritic cows had lower uterine discharge pH than
cows without metritis (6.84 £+ 0.02 vs. 6.97 £ 0.03; P
= 0.003; Table 2).

Correlations

Rectal temperature was positively correlated with
plasma haptoglobin concentration (r = 0.15; P <
0.001). Plasma NEFA was positively correlated with
plasma BHB concentration (r = 0.64; P < 0.001).

Dichotomous Outcome: Metritis

The cumulative incidence of metritis was evaluated
up to 4, 7, 10, and 14 DIM (Figure 5). Treatment with
CM resulted in decreased incidence of metritis up to 7
DIM compared with CON (46.2 vs. 65.4%; P = 0.05);
however, no differences were found at 4 (11.5 vs. 17.3%;
P =0.41), 10 (61.5 vs. 73.1%; P = 0.20), and 14 DIM
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Figure 3. Least squares means (+SE) for milk yield. The CM group (n = 52; open triangle-dashed line) received daily intrauterine infusion
of 8 g of chitosan microparticles dissolved in 40 mL of sterile water for 5 d, starting at 1 DIM (24 h after calving); CON (n = 52; solid square,
solid line) received daily intrauterine infusion of 40 mL of sterile water for 5 d, starting at 1 DIM. Treatment (TRT), P = 0.91; DIM, P < 0.001;

TRT x DIM, P = 0.27.

(63.5 vs. 73.1%; P = 0.28) for CM versus CON, respec-
tively.

DISCUSSION

This experiment was designed to evaluate the clini-
cal response after intrauterine administration of CM in
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6.80 4

6.70

6.60 1
-~ CM
6.50 1 —=—CON
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Figure 4. Least squares means (£SE) for uterine fluid pH. The CM
group (n = 52; open triangle-dashed line) received daily intrauterine
infusion of 8 g of chitosan microparticles dissolved in 40 mL of sterile
water for 5 d, starting at 1 DIM (24 h after calving); CON (n = 52;
solid square, solid line) received daily intrauterine infusion of 40 mL of
sterile water for 5 d, starting at 1 DIM. Treatment (TRT), P = 0.05;
DIM, P < 0.01; TRT x DIM, P = 0.55. *P = 0.03.
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dairy cows and to determine the effect of intrauterine
administration of CM on the incidence of metritis in
cows at risk for metritis. Intrauterine administration of
CM could potentially lead to an inflammatory response,
which could lead to a decrease in DMI, an increase in
lipid mobilization, an increase in ketone body produc-
tion, and a decrease in milk production (Kushibiki et
al., 2003). Nonetheless, no evidence was found that in-
trauterine CM led to an overt inflammatory response;
rectal temperature, plasma haptoglobin, plasma NEFA
plasma BHB, and milk production were unaffected by
CM administration. Therefore, intrauterine administra-
tion of CM as done here can be considered safe for the
COW.

As expected, cows with metritis had increased con-
centrations of haptoglobin and BHB, and decreased
milk yield. An increase in plasma haptoglobin concen-
tration is expected in cows with metritis in response
to pro-inflammatory cytokines such as tumor necrosis
factor-a (TNFa) and I1-6 that are produced in the
presence of tissue damage or LPS release by gram-neg-
ative bacteria (Nakagawa-Tosa et al., 1995; Kushibiki
et al., 2003). In agreement with our findings, previous
studies have reported that plasma haptoglobin concen-
tration was increased in cows with metritis compared
with healthy cows (Huzzey et al., 2009; Galvao et al.,
2010). Likewise, others have also reported higher BHB
concentration for cows with metritis compared with
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healthy cows, which was a consequence of decreased
DMI and increased lipid mobilization in the form of
NEFA (Hammon et al., 2006; Galvao et al., 2010). Tt
is not clear why plasma BHB concentration increased
without an increase in NEFA, given the high corre-
lation between NEFA and BHB. Nonetheless, some
researchers have reported similar findings in the first
week postpartum (Giuliodori et al., 2013). The decrease
in milk yield in metritic cows agrees with previous ob-
servational studies (Huzzey et al., 2007; Giuliodori et
al., 2013), and studies that challenged cows with LPS
or TNFa (Kushibiki et al., 2003; Waldron et al., 2003).
The decrease in milk yield was primarily due to a de-
crease in DMI, although a decrease in plasma IGF-1
was also observed by Kushibiki et al. (2003).

In regards to our second objective, CM were shown
to be effective in reducing the cumulative incidence of
metritis up to 7 DIM; however, the differences were not
sustained until the end of the observation period. The
loss of effectiveness of CM in reducing metritis after
7 DIM may be due to the possibility that the uterine
bacterial load increased after d 5 of treatment. Herein,
we measured uterine pH as a proxy for uterine bacterial
load, and observed that CM-treated cows had higher
uterine pH at 7 DIM but not afterward. Intrauterine
anaerobic fermentation of carbohydrates and AA by
bacteria such as Bacteroides spp., E. coli, F. necropho-
rum, and T. pyogenes produces acid compounds such as
short-chain fatty acids as end products, therefore lower-
ing the pH of a medium (Cuchural and Tally, 1982). We
postulate that a lower uterine pH in the CON group
could have been caused by a greater bacterial load com-
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pared with the CM group. In fact, cows that developed
metritis within 14 DIM had a lower uterine pH than
cows without metritis. Due to budgetary constraints,
we were not able to directly measure uterine bacte-
rial contamination; however, this should be performed
in future studies to confirm our hypothesis that CM
reduced bacterial load up to 7 DIM. Administration of
ceftiofur to cows with risk factors similar to the ones
used for inclusion in this study has been shown to be
effective in reducing the incidence of metritis up to
14 DIM in some studies (Risco and Hernandez, 2003;
McLaughlin et al., 2013) but not all (Dubuc et al.,
2011). In this study, CM-treated cows had numerically
higher incidence of dystocia; however, vaginal lacera-
tion, which is a stronger predictor of metritis (Vieira-
Neto et al., 2016) was very similar to control cows.
In addition, there was no evidence that individual risk
factors differentially affected the incidence of metritis
because they were all included in the analyses and none
of them were significant.

It is also possible that a higher dose of CM is needed
to eliminate a wider range of uterine pathogens. The
dose of CM used in the present experiment was based
on E. coli reduction demonstrated previously (Jeon et
al., 2014). Although FE. coli plays an important role
in the development of metritis (Bicalho et al., 2010;
Sheldon et al., 2010), recent studies have shown that
other bacterial strains such as Bacteroides spp. and
Fusobacterium spp. are more abundant in metritic cows
than Escherichia spp. (Jeon et al., 2015); therefore,
other bacterial species should be tested in the future.
Additionally, once CM are attached to a bacterial wall

P=028
731

P=0.20
73.1

615 63.5
aCM
CON

Metr d 4 Metruptod 7

Metr up tod 10 Metr up to d 14

Figure 5. Incidence of metritis. The CM group (n = 52) received daily intrauterine infusion of 8 g of chitosan microparticles dissolved in 40
mL of sterile water for 5 d, starting at 1 DIM (24 h after calving); CON (n = 52) received daily intrauterine infusion of 40 mL of sterile water

for 5 d, starting at 1 DIM.
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it is no longer available to attach to another bacte-
rium (Sudarshan et al., 1992), and constant shifts of
bacterial contamination and recontamination (Griffin
et al., 1974) that occurs during the postpartum period
could also explain the elevation of metritis incidence
in the CM group after 7 DIM. Finally, although CM
were partially effective in preventing metritis, that
did not translate into higher milk yield. Nonetheless,
this has also been the case even when the prophylactic
treatment with long-acting ceftiofur was fully effective
in reducing the incidence of metritis (McLaughlin et
al. 2013). Therefore, the prevention of metritis may be
more important to improve cow welfare than to increase
economic return.

CONCLUSIONS

Intrauterine administration of 8 g of CM did not
alter clinical parameters of cows at risk for metritis.
Furthermore, CM treatment decreased the cumulative
incidence of metritis up to 7 DIM. Nonetheless, the
duration of treatment may have to be extended, and
dosage may have to be revised to maintain differences
in the incidence of metritis after 7 DIM. Results from
this study indicate that CM may be a viable alternative
to traditional antibiotics for the prevention of metritis.
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