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Abstract

Mastitis caused by Klebsiella spp is an emerging issue
associated with contaminated environments, often with poor
response to therapy. This case report highlights 42 cows with
50 cases of clinical mastitis caused by Klebsiella spp. Eight
cases of clinical mastitis were from 4 cows with repeat cases.
The mean days-in-milk (DIM) at diagnosis was 135; 38% of
cows were within the first 100 DIM. Cows diagnosed with
mastitis had a 65% decrease in milk production. Severity
scores assigned to each case were 24% mild, 33% moderate,
and 43% severe. The majority of cows were either culled
(38%) or euthanized (19%) as a result of the mastitis. Many
of the cows that developed clinical mastitis had been good
producing animals with low somatic cell counts prior to the
case. Environmental control and cow hygiene are key to
prevention of mastitis.

Key words: mastitis, Klebsiella pneumoniae, lipopolysaccha-
ride (LPS)

Résumé

La mammite causée par Klebsiella spp est un nouvel
enjeu associé aux environnements contaminés et qui sou-
vent ne répond pas trés bien a la thérapie. Cette étude de cas
cible 42 vaches avec 50 cas de mammite clinique causée par
Klebsiella spp. Huit cas de mammite clinique provenaient de
quatre vaches avec récidive. Le nombre moyen de jours en
lait au diagnostic était de 135 et 38% des cas survenaient
avant 100 jours en lait. La production de laita chuté de 65%
chez les vaches diagnostiquées avec la mammite. Le score
de sévérité assigné a chaque cas était léger dans 24% des
cas, modéré dans 33% des cas et sévére dans 43% des cas.
La plupart des vaches ont été soit réformées (38%) ou soit
euthanasiées (19%) en raison de la mammite. Plusieurs des
vaches qui ont développé la mammite clinique étaientdes ani-
maux productifs avec un comptage de cellules somatiques bas
avant |'épisode. Le contrdle de I'environnement et I'hygiéne
des vaches sont essentiels pour prévenir la mammite.

Introduction

Mastitis caused by Klebsiella spp, considered to be an
emerging problem, is caused primarily by K. pneumoniae
or occasionally by K. oxytoca. For Klebsiella spp, prevention
of exposure is key to infection control.** Intermittent fecal
shedding of Klebsiella spp from healthy cows allows for envi-
ronmental contamination.'>'®?” In herd and environmental
surveys, these bacteria have been isolated from 81% of fecal
samples collected from healthy cows. Once in the environ-
ment, Klebsiella spp populates bedding material by fecal
contamination, regardless of bedding type.!*?*

Clinical mastitis (CM) caused by Klebsiella spp is caused
by a profound immune response to lipopolysaccharide (LPS)
from the outer cell membrane of the organism.? Intramam-
mary (IMM) infections with coliform bacteria result in the
release of LPS and activation of the immune system, leading
to high levels of the pro- and anti-inflammatory cytokines
in milk.* Milk cytokine concentrations are greater after IMM
infection with Klebsiella spp than E. coli, and systemic cyto-
kines also persist much longer in Klebsiella spp-infected cows
than in E. coli infections.? This case report describes the case
management of the first case of CM caused by Klebsiella spp
diagnosed in 42 cows on a 400-cow dairy farm from July 1,
2013 to October 1, 2014.

Clinical Report

Herd Information

The surveyed herd is a university teaching and research
herd that consists of approximately 400 lactating Holstein
(90%) and Jersey (10%) cows. The cows were housed in a
naturally ventilated 4-row freestall barn, and fed a total mixed
ration (TMR) twice daily. Freestalls had a mattress base
and were bedded with recycled manure solids generated on
site. The manure solids did not undergo further processing,
and were approximately 35% dry matter when added to the
freestalls. The farm protocol was to manually clean the backs
of the freestalls 3 times per day, with new bedding added
every 2 to 3 days.
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Cows were on a regular vaccination schedule, which
included vaccination with a ]5 bacterin® given at dry-off and
30 + 3 days pre-calving. Pregnant heifers were given the
J5 bacterin at 60 + 3 days pre-calving and 30 + 3 days pre-
calving. All lactating cows were again vaccinated 30 + 3 and
90 + 3 days-in-milk (DIM).

Any cow identified as having mastitis was examined by
the veterinary team. As this is a research and teaching herd,
animal treatments were directed by farm treatment proto-
cols and administered by veterinary students as part of their
training. Following physical examination, a severity score was
assigned based on systemic and local (udder) clinical signs
using parameters adapted from Wenz et al.?? Initial therapy
was instituted per the farm’s treatment protocol based on
the severity score (Table 1). A milk sample was collected
aseptically and cultured using NMC guidelines as a guide
for IMM therapy.’” Milk samples from new cases of mastitis
were cultured the same day by the veterinarian diagnosing
the mastitis case. Intramammary antibiotic therapy was
withheld pending milk culture results. For CM cases where
the culture result yielded “no growth” or a gram-negative
organism, the cow did not receive IMM antibiotics per the
farm'’s treatment protocol.

Clinical Case Summary

From July 1, 2013 to October 1, 2014, milk samples
from 287 cows and 354 quarters were evaluated for mastitis
and submitted for culture. Forty-two cows were diagnosed
with 50 cases of Klebsiella spp mastitis over this time period,
which accounted for 14% of all mastitis cases. The majority of
Klebsiella spp cases were diagnosed in the summer months,
especially July. The culture outcome from the 354 quarter

Table 1. Treatment protocol for systemic therapy in mastitis cases.

Mild *No systemic therapy indicated. Reevaluate in 24 hours

Moderate | eCeftiofur® — 1 mg/lb (2.2 mg/kg) subcutaneously or
intramuscular every 24 hours for 3 days

As needed:

eFlunixin meglumine® — 1 mg/Ib (2.2 mg/kg) intrave-
nously every 24 hours

*Oral fluids — 10 to 15 gallons water plus 1 pound alfalfa

meal orally

eCeftiofur — 1 mg/Ib (2.2 mg/kg) subcutaneously or
intramuscular every 24 hours for 3 to 5 days

eFlunixin meglumine — 1 mg/lb (2.2 mg/kg) intrave-
nously every 24 hours as needed

eHypertonic saline 7.2%" — 5 mL/kg intravenously via
rapid infusion

Oral fluids — 10-15 gallons water orally immediately
following hypertonic saline administration

As needed:

eCalcium gluconate 23%¢— 250 to 500 mL intravenously
given as a slow infusion

eCalcium chloride/calcium sulfate bolusf— 1 bolus orally

Severe

Staph aureus
1%

No Growth
27%

E. Strep

Figure 1. Culture results by organism for 354 clinical mastitis samples
collected from July 1, 2013 to October 1, 2014.

milk samples are shown in Figure 1, and cases of mastitis and
Klebsiella spp mastitis are presented by month in Figure 2.

The distribution of first-cases per cow by lactation
group, severity, and outcome are shown in Table 2. Of the
42 cows identified with Klebsiella spp, 4 (9.5%) were first-
lactation cows, 14 (33.3%) were second-lactation cows, and
24 (57.2%) were third and greater lactation cows. Days-in-
milk on the day of mastitis diagnosis ranged from 2 to 478,
with a mean of 142 (median = 141). There were 16 cases
in the first 100 DIM, 13 between 101 to 200 DIM, and 13
between 201 to 300 DIM.

Severity scores for the first clinical Klebsiella spp cases
diagnosed in 42 cows included 10 (24%) mild cases, 14
(33%) moderate cases, and 18 (43%) severe cases. Of the
42 cows, 18 (43%) remained on the farm and returned to
production, 16 (38%) were culled due to low milk production
as a result of clinical mastitis, and 8 (19%) were euthanized
or died on-farm. Six of the cows that died were originally
diagnosed with severe mastitis. One cow was originally
classified as a moderate case, but clinical signs worsened
48 hours after initial diagnosis, and 1 cow was classified as
a moderate case of mastitis, but also had a concurrent right
displaced abomasum. That cow was euthanized due to surgi-
cal complications.

Somatic cell count (SCC) data from DHIA tests was avail-
able for 37 cows prior to mastitis diagnosis. Twenty-three
cows (62%) had alinear score below 4.0 before mastitis, with
a median linear score of 2.6 for all cows with SCC data prior
to the first case. Following mastitis diagnosis, SCC data from
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Figure 2. Total number of cases and cases of mastitis caused by Klebsiella spp by month from July 1, 2013 to October 15, 2014.

Table 2. Case numbers of mastitis for lactation number, severity score,
and outcome categorized by days-in-milk for each case of Klebsiella
spp mastitis.

Days-in-milk Totals
1-100 101-200 | 201-300

) 1 0 3 4

Lactation 6 3 5 12
number

3+ 9 10 5 24

. 3 4 10

Severity 6 12

score

7 3 18

Retained 7 5 6 18

Outcome Sold 4 6 6 16

Died 5 2 1 8

DHIA test were av:.ilable for 20 cows. There were 6 cows
(30%) below a linear score of 4 after the case of mastitis, with
a mean and median linear score of 3.7 and 3.1, respectively
(range 0.3 to 7.7).

Mean test-day milk production prior to mastitis diag-
nosis was 88 Ib (40 kg), with a range of 46 to 118 1b (20.9
to 53.6 kg) per day. Individual daily milk weight records
were available for 22 of the 42 cows diagnosed with mastitis
(Figure 3). The mean and median milk production for the
3 days immediately prior to the mastitis event was 71.8 Ib
(32.6 kg) and 69.1 1b (31.3 kg), respectively, with a range of
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Figure 3. Mean daily milk production (Ib) for cows diagnosed with their
first case of Klebsiella spp mastitis by severity score.

12.8t0117.21b (5.8 to 53.3 kg). Mean daily milk production
was 25.3 1b (11.5 kg) on the day the cows were diagnosed
with mastitis, a 65% decrease compared to the 3-day average
previous milk production. The range of daily milk production
change on the day of mastitis diagnosis was +0.9 Ib to -83.2
Ib (+0.4 kg to -37.8 kg).

Of the 22 records available, 15 represent cows which
remained in the herd (Figure 4), and the remaining 7 are
from cows that were culled. Of the animals remaining in the
herd, their 3-day average milk production prior to mastitis
was 80.2 1b (36.5 kg). On the day of mastitis diagnosis, their
average milk production was 31.4 Ib (14.3 kg). The 3-day
average for milk production post-mastitis was 49.6 1b (22.5
kg), and averaged 58.0 1b (26.3 kg) 7 days post-mastitis. The
7 cows culled from the herd had a 3-day pre-mastitis milk
production average of 88.11b (40 kg), but averaged only 10.3
Ib (4.7 kg) on the day of mastitis diagnosis. During the 3 days
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Figure 4. Daily milk weights (Ib) 3 days before and 7 days after mastitis
for cows culled (n=7) and retained (n=15) for cows diagnosed with their

first case of Klebsiella spp clinical mastitis.

post-mastitis, average milk production was 2.6 1b (1.2 kg),
and averaged 2.4 1b (1.1 kg) 7 days after mastitis diagnosis.

Cows on this dairy were not grouped by lactation, stage
of lactation, or milk production after leaving the fresh pen at
approximately 20 to 30 DIM. Cow-pen location within the
barn on the day of mastitis diagnosis was relatively equally
distributed throughout the barn. However, a higher percent-
age of cows (8 of 42 cases; 19%) diagnosed with Klebsiella
spp were located within the fresh pen. Forty percent of the
cows diagnosed with Klebsiella spp were within the first
100 DIM, which was similar to cows diagnosed with E. coli
mastitis, where 46% of those cases were diagnosed in the
first 100 DIM.

This herd was aggressively vaccinated with ]J5 bac-
terin. Despite vaccination, 83 cows were identified with E.
coli mastitis over the period of this clinical report. Of these
83 cows, only 1 cow (1%) died and 14 (15%) were sold as
a result of the mastitis. This is significantly lower than the
57% removal rate for the cows with Klebsiella spp mastitis
(P<0.0001, Chi square).

Daily milk records and clinical severity scores were
available for 37 of the cows diagnosed with a first case of E.
coli mastitis (Figure 5). Cows diagnosed with mild or moder-
ate E. coli mastitis averaged 86.5 Ib (39.3 kg) of milk 3 days
prior to diagnosis. On the day of mastitis diagnosis, cows

-e- E. coli mild/moderate
-m- E, coli severe
-a- Klebsiella mild/moderate

60
-v. Klebsiella severe

FY
o

N
o

Daily milk production (Ib)

321012 34567
Days
Figure 5. Mean daily milk weights (Ib) 3 days before and 7 days after
diagnosis with mild/moderate or severe Klebsiella spp or E. coli mastitis.

with mild and moderate mastitis caused by E. coli produced
an average of 36.4 1b (16.5 kg) of milk. These cows aver-
aged 62.9 1b (28.6 kg) and 71.5 Ib (32.5 kg) of milk 3 and 7
days after mastitis diagnosis. Cows diagnosed with severe
mastitis caused by E. coli averaged 84.4 1b (37.8 kg) of milk
3 days prior to mastitis diagnosis. On the day of mastitis
diagnosis, they averaged 19.5 b (8.8 kg) of milk production,
43.31b (19.7 kg) 3 days after mastitis diagnosis, and 51.9 1b
(23.6 kg) 7 days after mastitis diagnosis.

Outcome measures were compared between cows
diagnosed with E. coli and Klebsiella spp. Cows diagnosed
with E. coli and Klebsiella spp mastitis had similar odds of
developing severe clinical mastitis (OR: 0.86; P=0.72; 95%
CI 0.38-1.94). However, if diagnosed with Klebsiella spp
mastitis, cows were 5.5 (P<0.0001; 2.3-12.5 95% CI) times
more likely to be culled and 19 (P=0.0003; 2.32-160 95% CI)
times more likely to die or be euthanized on-farm.

Discussion

This case report highlights the disease process, case
management, environmental considerations, and clinical
outcomes of 42 cows with mastitis caused by Klebsiella spp.
Much of the available literature for the treatment of Klebsiella
spp mastitis is merged with the treatment and management
of coliform mastitis. Due to the use of treatment protocols,
these cases of mastitis were treated in a similar manner.
Each cow was assessed by 1 of the authors as part of clinical
instruction to senior veterinary students.

The potential severity of mastitis caused by Klebsiella
spp compared to other mastitis pathogens has long been
known,??? but the prevalence of herds dealing with this
pathogen appears to be increasing.?? Clinical mastitis caused
by a gram-negative organism is associated with the release
of LPS from the outer membrane of the bacteria and the ac-
companying immune response of the host. Free LPS present
in milk, and potentially blood, is recognized through the
chauffeuring actions of CD-14 and LPS binding protein of free
LPS to toll-like receptor (TIr)-4 on the surface of monocyte
lineage and other cells. TIr-4 binding of LPS results in an
upregulation of pro- and anti-inflammatory cytokines, such
as IL-8, IL-10, IL-1f3, and TNF-q, leading to the clinical signs
associated with the infection.?**

Variation in severity between the different coliform
agents may lie within differences in the lipid A structure
of the LPS molecule. Studies of the lipid A structure of
various gram-negative mastitis-causing bacteria have shown
that pathogenic E. coli has 6 acyl groups within its lipid A
structure, while Klebsiella pneumoniae have 7 and Serratia
marcesens have 5 acyl groups. A reduction of 1 acyl group
has shown to cause a 100-fold reduction in LPS biological
activity.>*!* One research group has demonstrated reduced
lethality of Klebsiella pneumoniae with mutant genes that
have decreased acylation capabilities of LPS compared to
wild-type organisms in a murine pneumonia model.” This
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suggests that bacterial organisms with an increased number
of acyl groups in their lipid A structure may have an increased
ability to stimulate cytokine production following binding
with TIr-4, and/or have increased resistance to the Kkilling
effects of cationic antimicrobial proteins.>” The symmetric
structure of the acyl groups also confers pathogenicity. Low
pathogenic E. coli have more symmetric acyl groups in the
lipid A fraction, where highly pathogenic E. coli have less
symmetry of the acyl groups of the lipid A.2*

Most cows with Klebsiella spp identified in this report
were healthy, high producing cows. The average test-day
production of the cows affected with mastitis in this report
was higher than the herd average, which was likely due to
a high percentage (38%) of the cases occurring in the first
100 DIM, and none occurring >300 DIM, similar to a report
by Oliveira et al.'® During this same time period, 46% of all
the E. coli cases diagnosed on the farm occurred within the
first 100 DIM.

There were an additional 8 cases of Klebsiella spp mas-
titis in 4 cows. These 4 cows were eventually culled from the
herd due to low productivity. Two cows were diagnosed with
clinical mastitis in an adjoining quarter within 2 days of the
initial case of mastitis. The remaining 2 cows accounted for
6 additional cases of Klebsiella mastitis. The first cow had 3
diagnoses of mastitis, in the same quarter, with 10 months
between the firstand second diagnosis, and 1 month between
the second and third diagnosis. The second cow was diag-
nosed with 5 episodes of Klebsiella spp mastitis. This cow
had 3 separate quarters involved, with the left hind diagnosed
3 times with mastitis. There were 44 days and 350 days be-
tween the cases, including a dry period. The other 2 cases in
this cow were in adjacent quarters, and diagnosed within 7
days of the case involving the left rear quarter. These 8 cases
were both new cases and persistent infections. However, to
fully evaluate if they were truly persistently infected, PCR of
the isolate would have been prudent.

Klebsiella spp accounted for 14% of clinical mastitis
cases in this herd. Incidence rates of 5.3% to 8% were
reported in other field reports of clinical mastitis.’*** The
majority of literature sources related to Klebsiella spp mastitis
indicate that the organism originates from the environment,
but at least 1 report suggested that outbreaks of Klebsiella
spp mastitis could be spread through a contagious route.*
In an attempt to define the cause of the outbreak, the herd
described in the current report implemented a quarter-level
culturing program for cows with sub-clinical mastitis, defined
as cows that had DHIA linear scores >4 for 2 consecutive tests
and were positive on the California Mastitis Test. Klebsiella
spp was isolated from only 1.9% of the 976 quarter milk
samples included in this program, indicating that persistent
IMM infections were not the underlying cause of this herd’s
outbreak. Additionally, these data support our premise that
not treating clinical Klebsiella spp cases with IMM antibiotics
would not lead to the development of persistent IMM infec-
tions. Of course, the use of advanced diagnostic modalities,

such as DNA sequencing, will provide further insight into the
relatedness of mastitis isolates. The authors are currently
engaged in an investigation to further answer this question.

In the current study, 43% of the first cases of Klebsiella
spp mastitis in 42 cows were classified as severe, compared
to 31% and 32.6% published by Roberson et al and Oliveira
et al, respectively.'®?° Differences in severity may be due
to differences in scoring rubric used by Roberson et al,? or
interpretation of clinical signs. Additionally, the number of
cases classified as severe could simply be related to more hot
weather months during the time frame of this report. Six of
the 8 cows that died of Klebsiella spp mastitis were classified
as severe cases. Furthermore, only 4 of 18 cows classified as
severe cases remained in the herd.

Decreased milk production was the most notable clini-
cal sign of these mastitis cases. Many cows were identified
by farm staff due to a sharp decline in milk production and
the presence of a firm, hot affected quarter. Mean daily milk
weight of cows on the day of diagnosis was 35% of previous
milk production. This is comparable to data from a chal-
lenge model reported by Bannerman et al. In that report,
cows infected with Klebsiella spp had a 60% decrease in milk
production compared to saline controls.?

Treatment of Mastitis Cases

Treatment of individual cows presented in this case
report was based on daily physical exams, utilization of in-
house milk culturing, and use of on-farm records, including
individual daily milk weights. On initial exam, every case of
mastitis was given a severity score and treatment based on
severity score, except for IMM antibiotic therapy, which was
withheld until culture results were available. The farm treat-
ment protocol specified parenteral ceftiofur be administered
to cows with moderate and severe mastitis severity scores,
starting at the initial exam prior to knowing the culture out-
come. The severity scoring system used in the evaluation
of these cows has been shown to have better specificity and
accuracy for predicting bacteremia than scoring systems that
utilize local (milk and udder) clinical signs only.

Ina 2001 study, 23% of cows with moderate and 48%
of severe cases of mastitis had bacteremia.?” The bacteremia
isbelieved to be related to leukopenia and a decrease in host
defenses. Bacteremia was associated with lower survival
rates when a gram-negative mastitis organism is involved.?’
However, culling rates in cows with and without bacteremia
were not different.? Erskine et al reported a decrease in the
culling and death rates in cows with severe coliform mastitis
when given ceftiofur systemically.’® Treatment with systemic
ceftiofur was not effective in altering the outcome of mild
cases of clinical mastitis.*

Flunixin meglumine was also administered to cows in
the present study with moderate and severe mastitis scores.
Administration was based on the clinical signs of fever and/
or udder swelling. Per farm protocol, fever was defined as
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a rectal temperature of 103.5°F (39.7°C) or greater. In most
cases of moderate to severe Klebsiella spp mastitis, the af-
fected quarter was severely swollen, and NSAID therapy did
not reduce swelling.

Some literature has shown a benefit to using flunixin
as part of the treatment regime for coliform mastitis; the
benefits of flunixin are mostly limited to fever reduction and
increased rumen motility;*?® however,a 2012 report showed
that flunixin increased dry matter intake and milk produc-
tion.3? Other reports showed that flunixin did not improve
milk production in cows with acute coliform mastitis.!?®
There was no difference in survival rates between cows
affected with toxic mastitis that were treated with flunixin
only, flunixin plus isotonic fluids, and isotonic fluids only.»®

Cows with severe mastitis scores were also adminis-
tered hypertonic saline and calcium. The hypertonic saline
coupled with water via an orogastric tube was given to cor-
rect dehydration and hypovolemia due to endotoxic shock.
Calcium was given to cows with severe mastitis to correct
subclinical hypocalcemia.??225

A study using a 5-day course of ceftiofur as an IMM
infusion showed a bacteriologic cure rate of 57% and 19%
for treated and control cows, respectively.”® These results
were in mild and moderate cases of mastitis, not severe
cases. Following publication of this manuscript,?® the dairy
in this report implemented a 5-day IMM ceftiofur treatment
comparison to no IMM treatment in cows with moderate or
severe Klebsiella spp mastitis. While only a small clinical
observational study, after 20 cows were enrolled, the propor-
tion of cows that survived, were culled, or died was nearly
identical.! Further intramammary treatment of Klebsiella spp
mastitis cases in this herd was not continued due to the poor
response to IMM antibiotics. Further research is needed to
evaluate the impact of IMM treatment on cows that are more
severely affected. A study using intramammary amoxicillin
had microbiological cure rates of 27% and 36% at days 7
and 36 post-treatment, respectively.?! A Wisconsin study of
51 farms reported an odds ratio of 1.31 (CI = 0.45-3.82) for
bacteriologic cure rate for 49 treated cases.'® In this paper, the
severity scores and clinical cure rate for Klebsiella spp were
not reported. Based on the results of our work in this herd
and the fact that gram-negative clinical mastitis is the result
of LPS release, the authors do not feel that IMM antibiotics
are prudent for controlling the clinical signs associated with
coliform mastitis.

Klebsiella spp and the Environment

Approaches to controlling environmental mastitis
pathogens such as Klebsiella spp involve reducing the ex-
posure of teat ends to vectors harboring infectious doses of
bacteria. Feces is the most implicated source of Klebsiella spp
in the cow’s environment.'> In a report by Munoz and Zadoks,
the prevalence of Klebsiella spp in feces was 81%, with fecal
shedding in healthy cows being transient in nature.'® Histori-
cally, Klebsiella spp were associated with the use of sawdust

bedding, but have been found on freestall surfaces without
bedding, sand, and recycled manure solids.'®

Due to the acute nature of Klebsiella spp mastitis cases,
recommendations in the current case were focused on pre-
vention of new mastitis cases, with most recommendations
directed toward the cow’s environment and reduction of fecal
contamination. These recommendations included: frequent
removal of all soiled bedding material; movement of dry
bedding material from the front of the stall to the area under
the rear of the cows; frequent cleaning of cross-overs and
traffic areas; and cleanliness of the milking center including
holding areas. In practice, many of these recommendations
were not accomplished in this herd on a regular basis for a
variety of reasons.

The farm described in this report utilized recycled
manure solids as the bedding source. A study by Sorter et
al showed that daily removal of bedding was superior to re-
moval of fecal material only. In that study, the authors showed
a 10-log reduction of Klebsiella spp in the bedding material.?
When bedding material is not removed from stalls, the mois-
ture content increases and freestall cleanliness decreases,
which leads to increased colony forming units of Klebsiella
spp.** Composting of manure solids prior to placement into
the freestall was another option; however, a reduction in
Klebsiella spp has not been reported in the literature.®

In the herd represented in the current report, the
organism was ubiquitous due to the use of manure solids
bedding. There was no clear association of pens with clini-
cal cases, with the exception that the fresh pen had more
cases of Klebsiella spp mastitis. Here, immune suppression
in the periparturient period is a likely contributing factor.
Additionally, clinical cases were uncommon in first-lactation
animals in this herd. The majority of Klebsiella spp mastitis
cases occurred during the summer months. The farm utilized
fans and sprinklers for heat abatement, which increased the
amount of water in the environment. There was no slope to
the pen floors, thus standing water was normal in the alleys,
especially at the feedbunks where sprinklers were mounted.
Water troughs have also been implicated as a source of Kleb-
siella spp in the environment.?”’

Converting to sand bedding had been strongly recom-
mended as an alternative to the recycled manure solids in
this herd. This conversion was not without trade-offs, with
disposal of sand-laden manure as the top issue. Since the
farm’s current manure storage facility does not handle sand-
laden manure, current disposal options for the farm would
include hauling manure onto fields daily, installing a sand
settling lane and utilizing the recovered sand as bedding,
or composting the sand-laden manure for a nominal fee.
The financial constraints of adding sand-handling facilities
was deemed too great and those plans were not pursued.
Additionally, the authors are aware of many dairy opera-
tions that bed with sand, but still have Klebsiella spp mas-
titis problems, so changing bedding would not completely
eliminate the risk.
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Based on the results in this clinical report and the
clinical experiences of others, it is imperative that strategies
to prevent new IMIs is more cost-effective than treatment.

This case report summarized 1 herd’s struggles with
CM associated with Klebsiella spp. This herd was later utilized
for a USDA licensing trial of a Klebsiella spp bacterin against
bacterial siderophore receptor and porin proteins. Efficacy
data was recently published,'? and the commercial product
is now available.

Conclusions

Treatment and control of mastitis caused by Klebsi-
ella spp is difficult and requires a multimodal approach. A
thorough physical exam and understanding of all clinical
signs associated with endotoxemia is paramount to treating
cows with Klebsiella spp mastitis. Correction of dehydration,
prevention of bacteremia, and reduction in fever are the key
considerations. However, due to the severity of clinical cases
and poor success of clinical therapy, prevention strategies
must be at the forefront of herd control of Klebsiella mastitis.
Due to the ubiquitous nature of the Klebsiella bacterium in
the dairy environment, facilities and cow hygiene are the
key to prevention.

Endnotes

aEnviracor J-5 Bacterin, Zoetis Animal Health, Florham Park,
NJ

bExcenel®, Zoetis Animal Health, Florham Park, N]

¢Flunixin meglumine, VetOne, MW], Boise, ID

dHypertonic saline 7.2%, VetOne, MWI, Boise, ID

¢Calcium gluconate 23%, VetOne, MWI, Boise, ID

fBovikalc® Boehringer Ingelheim Animal Health, Dublin, GA

¢ Blood Agar Plate, Remel Products, Lenexa, KS

"MacConkey Agar plate, Remel Products, Lenexa, KS

I Gorden PJ, unpublished data

I KLEBVax™ SRP®, AgriLabs, St. Joseph, MO
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ROM. 39 PARASITE SPECIES
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