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Abstract: The objective of this study was to compare immediate intramammary antimicrobial treat-
ment of mild and moderate cases of clinical mastitis (CM) with a selective treatment protocol based
on on-farm culture results using Accumast®. The study was conducted at a 2600 cow commercial
farm in Northeast Germany. Using a randomized design, mild and moderate clinical mastitis cases
were assigned to either the blanket therapy (BT) or pathogen-based therapy (SELECT) group. Overall,
468 cases were used for final analyses (BT = 236; SELECT = 232). The percentage of cases assigned to
the blanket and pathogen-based groups that received intramammary therapy were 100 and 69.9%,
respectively. Implementation of a pathogen-based treatment protocol for mild and moderate CM
cases resulted in no significant difference in post-event milk production, somatic cell count, survival
to 30 d, and days spent in the hospital compared with a blanket therapy protocol. Cows in the SELECT
group had reduced odds of being culled within 60 d post CM (odds ratio = 0.54; 95% CI = 0.31–0.93;
p = 0.027). The use of a pathogen-based treatment protocol using an on-farm culture system has the
potential to efficiently reduce antimicrobial use without negative effects on health.

Keywords: clinical mastitis; selective treatment; Accumast

1. Introduction

The majority of antimicrobial treatments in dairy cows are administered for the treat-
ment of clinical mastitis. In total, 10.9 million antibiotic treatments were conducted in
Germany in 2015 related to mastitis (Wallmann, 2016 personal communication). Most of
these treatments are not based on specific etiological information [1]. Instead, the current
practice on most farms is to treat all cases of clinical mastitis immediately after diagnosis
(i.e., “blanket treatment”) with intramammary antimicrobials. Non-specific use of antimi-
crobials on farms usually influences the perception of antimicrobials as being misused.
Consumers and regulators often associate use of antimicrobials on farms with increasing
antimicrobial resistance. Selective therapy for clinical mastitis using on-farm culture results
can replace the routine blanket use of antimicrobials in mild and moderate clinical mastitis
cases [2]. In addition, on-farm diagnostics avoids the challenges of shipping samples
to laboratories and shortens the time until results are available. A selective approach is
defined as the use of antimicrobials only for cases that may benefit from them [2]. Se-
lective treatment of clinical mastitis is preserved for mild (abnormal milk) and moderate
cases accompanied with local signs in the udder [2]. Thirty percent or greater of clinical
mastitis cases are culture-negative when sampled, for which the use of antimicrobials can
be difficult to justify [3–5]. In addition, antimicrobial treatment of clinical mastitis cases
caused by E. coli did not improve clinical outcomes [6]. However, extended treatment with
intramammary antimicrobials was shown to be advantageous for clinical mastitis cases
caused by environmental Streptococci [7,8] and Staphylococcus aureus [7,9]. Implementation
of a selective treatment approach can reduce the use of antimicrobials on a given farm
(i.e., no treatment for cows with no-growth or Gram-negative bacteria) and might have the
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potential to improve bacteriological cure (i.e., extended treatment for Streptococcus uberis
and Staphylococcus aureus). Therefore, diagnostic accuracy is crucial for on-farm culture
systems to be efficacious compared with a blanket treatment approach. A study compar-
ing four commercial on-farm culture methods concluded that one test kit (Accumast®)
was superior [10].

Therefore, the objectives of this study were (1) to determine if a treatment protocol
for clinical mastitis (CM) based on on-farm culture results using Accumast® (SELECT)
led to similar clinical outcomes compared to blanket treatment (BT) of all cows with CM
immediately, and (2) if such a protocol helped to reduce antimicrobial use.

2. Results
2.1. Descriptive Data

During the study period a total of 520 cases of CM were observed. Cows with
severe mastitis (n = 44) and those with culture results considered contaminated (n = 8; in
the SELECT group) were excluded. A sample was considered contaminated when the
number of colony morphologies was greater than three, unless an obvious pathogen (clear
predominance of one type of colony morphology) was noticeable. The remaining 468 cases
were used for final analyses (BT = 236; SELECT = 232).

Parity distribution was 11.5% (55/468), 28.2% (132/468), and 60.0% (281/468) for first,
second, and third lactation and greater. The overall mean and median days in milk (DIM)
at enrolment were 134 d (±89.2) and 113 d (interquartile range 66–187 d), respectively. Fifty-
four percent of cows (252/473) were experiencing their first mastitis event of the current
lactation. Distribution of these descriptors by treatment group can be seen in Table 1.

Table 1. Cow level descriptors for each treatment group.

Item Treatment Group p-Value

Blanket Therapy
(n = 236)

Selective Treatment
(n = 232)

Parity, no. 0.368
1st 28 (11.8%) 27 (11.6%)
2nd 73 (30.9%) 59 (25.4%)
≥3rd 135 (57.3%) 146 (63.0%)

DIM 128.5 139.8 0.164
Mastitis event, no. 1 0.172

1st 117 (49.6%) 135 (58.1%)
2nd 70 (29.7%) 56 (24.3%)
≥3rd 49 (20.7%) 41 (17.6%)

Milk yield, kg 36.9 37.8 0.495
Linear score 3.6 3.4 0.408

1 Cow-level mastitis event at time of enrolment for the current lactation.

In the SELECT group, there were 16.8% (39/232) cases with no growth, 13.4% (31/232)
with a Gram-negative culture result, 40.0% (93/232) with Streptococcus uberis, and 29.7%
(69/232) with a Gram-positive culture result other than Streptococcus uberis. Therefore,
30.1% (70/232) of CM cases were not treated with antimicrobials after enrolment.

2.2. Effect of Treatment Protocol
2.2.1. Effect on Test-Day Milk Yield

The average test-day milk yield post-CM for all cows was 35.7 kg/d (n = 430). Full
data existed for 187 BT cows and 202 SELECT cows. Milk yield was affected by parity
(p = 0.013), milk yield before CM (p = 0.001), and days in milk (p = 0.001). Treatment had no
effect on milk yield (p = 0.535; BT = 34.4 ± 0.78 kg/d; SELECT = 35.0 ± 0.77 kg/d). Cows in
parity 2 (p = 0.03; 36.7 ± 0.88 kg/d) and 3 or greater (p = 0.11; 35.8 ± 0.64 kg/d) produced
more milk compared with cows in parity 1 (31.6 ± 1.5 kg/d). There was no difference
between parities 2 and 3 or greater.
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2.2.2. Effect on Linear Score

The average linear score (LS) post-CM for all cows was 4.6 (n = 430). Full data existed
for 187 BT cows and 202 SELECT cows. Linear score was affected by LS before CM
(p = 0.001). Parity tended to affect LS (p = 0.100). Treatment had no effect on LS (p = 0.284;
BT = 4.4 ± 0.17; SELECT = 4.6 ± 0.17). Cows in parity 2 (p = 0.83; 4.7 ± 0.20) and 3 or greater
(p = 0.36; 4.8 ± 0.14) had an increased LS compared with cows in parity 1 (4.1 ± 0.32). There
was no difference between parity 2 and 3 or greater.

2.2.3. Effect on Probability of Survival at 30 d

Of cows with full data, 7.7% (n = 36; BT = 21; SELECT = 15) did not remain in the herd
at this time point. No significant difference was detected in odds of survival 30 d post-CM
between the treatment groups (odds ratio (OR) = 0.74; 95% CI 0.37–1.47; p = 0.198). No
other effects were significant in the model.

2.2.4. Effect on Probability of Survival at 60 d

Of cows with full data, 15.6% (n = 73; BT = 45; SELECT = 28) did not remain in the
herd at this time point. Cows in the SELECT group had reduced odds of being culled
within 60 d post-CM (OR = 0.54; 95% CI = 0.31–0.93; p = 0.027). Days in milk at mastitis
diagnosis (p = 0.010) also had a significant effect on culling risk within 60 d post-CM. Parity
(p = 0.082) and number of mastitis events (p = 0.100) tended to affect culling risk within
60 d post-CM. Results are summarized in Table 2.

Table 2. Logistic regression for survival to 60 d after clinical mastitis event 1.

Parameter Description Estimate SE p-Value Odds Ratio 95% CI

Intercept −2.32 0.49 0.001
Treatment Blanket treatment Referent

Selective treatment −0.61 0.27 0.027 0.54 0.31–0.93
Parity 1 Referent

2 −0.46 0.49 0.353 0.63 0.24–1.67
≥3 0.30 0.43 0.479 1.35 0.58–3.15

Mastitis event 1 Referent
2 0.24 0.33 0.468 1.27 0.66–2.43
≥3 0.72 0.34 0.035 2.06 1.05–4.04

Days in milk 0.01 0.01 0.010 1.01 1.01–1.02
1 Probability modeled was culled at 60 d after a clinical mastitis event.

2.2.5. Effect on Hospital Days

Hospital Days data were available for 463 CM cases (BT = 233; SELECT = 230). Treat-
ment had no effect on hospital days (p = 0.786; BT = 6.6 ± 0.33 d; SELECT = 6.7 ± 0.33 d).
Parity had an effect on hospital days. Cows in parity 3 or greater spent more time in
the hospital pen (7.4 ± 0.27 d) compared with cows in parities 1 (p = 0.085; 6.6 ± 0.61 d)
and 2 (p = 0.014; 6.2 ± 0.39 d). There was no difference between cows in parities 1 and 2
(p = 0.980).

3. Discussion

Implementation of a pathogen-based treatment protocol for mild and moderate CM
cases resulted in no significant difference in post-event milk production, LS, survival to
30 d, and days spent in the hospital compared with a blanket therapy protocol. Surprisingly,
there was an advantage regarding survival to 60 d for the selective treatment protocol.
No-growth and Gram-negative cases determined by the Accumast® system in the SELECT
group were only treated with a non-steroidal anti-inflammatory drug (NSAID). These cases
accounted for 30.1% of the CM cases.

The number of cases treated with antimicrobials in our study (69.9%) seems high
compared with other clinical trials evaluating the effectiveness of selective treatment of
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CM relative to blanket treatment (Lago et al., 2011 [4]: 44%; MacDonald et al., 2011 [11]:
60%; Lago et al., 2016 [12]: 46%; Lago et al., 2016 [13]: 28%; Vasquez et al., 2017 [14]: 32%).
The reason for this remains speculative. It might be affected by the overall prevalence
of “no-growth” and Gram-negative pathogens in a herd. The predominant pathogen
in our study being Streptococcus ueris (39.6%) resulted in a greater percentage of cows
with extended antimicrobial therapy (5d vs. 3d). The prevalence of Streptococcus uberis
in our study seems rather high compared with other recent studies (Lago et al., 2011 [4]:
14%; MacDonald et al., 2011 [11]: 21%; Lago et al., 2016 [12]: Vasquez et al., 2017 [14]:
32%). In other studies, coliform bacteria were the predominant pathogens (Lago et al.,
2011 [4]: 24%; Vasquez et al., 2017 [14]: 34%), which were not treated with antimicrobials.
Cultures with “no growth” accounted for 16.9% in our study. This seems rather small
in comparison with other studies using on-farm cultures (Lago et al., 2011 [4]: 34%) or
laboratory cultures (Vasquez et al., 2017 [14]: 33%). Another reason might be the diagnostic
accuracy of an on-farm test to identify different pathogens. The accuracy of the Accumast®

system in identifying E. coli and no growth was 96.8% and 85.2%, respectively [10]. These
results might differ when an on-farm culture system is used by farm personnel rather than
trained laboratory technicians, as shown recently [15]. In that study, experience in milk
microbiology substantially improved interpretation of on-farm culture results, indicating
that the observers’ experience is crucial to facilitate appropriate management decisions
when adopting a selective treatment protocol. We did not evaluate diagnostic accuracy in
our study, but before the start of the study we trained farm personnel extensively in the
use and interpretation of the Accumast® system.

The current study did not find any differences in milk production and LS post-CM.
These results are in agreement with previous studies comparing blanket treatment versus
a selective treatment approach (no-growth and coliform-positive cows did not receive
antimicrobials) using either an on-farm culture [4] or a laboratory culture system [14].

We observed no difference in days spent in the hospital pen (BT 6.6 d vs. SELECT
6.7 d). This is also in agreement with two recent trials (Lago et al., 2011 [4] BT 5.9 d vs.
SELECT 5.2 d; Lago et al., 2016 [12] 6.7 d vs. 7.1 d). Two other previous studies observed
a reduction in hospital days for a selective treatment protocol (Lago et al., 2016 [13] BT
6.7 d vs. SELECT 5.7 d; Vasquez et al., 2017 [14] BT 8.8 d vs. SELECT 5.8 d). Results
are difficult to compare based on different treatment protocols (i.e., antimicrobial drugs
with or without NSAID) and their resulting milk withholding time. In our study, all cows
received an NSAID with a 5 d milk withholding time at enrolment, irrespective of the
treatment group. In the two studies describing a beneficial effect on hospital days, no
NSAID was administered at enrolment. It has been shown, however, that NSAID treatment
in cows with CM positively affects clinical cure rate, milk production, somatic cell count,
and culling risk [8,16–18].

Based on laboratory culture results in this particular herd, obtained before the start
of the trial, a large proportion of cows with CM cases were positive with Streptococcus
uberis. Therefore, we decided to implement an extended intramammary treatment protocol
(5 vs. 3 d) for cows with Streptococcus uberis in the SELECT group and for cows with a first
CM case in the BT group. An extended treatment with intramammary antimicrobials was
shown to be advantageous regarding bacteriological cure for clinical mastitis cases caused
by environmental streptococci (Oliver et al., 2004 [7]: Ceftiofur; Gillepsie et al., 2002 [8]:
Pirlimycin). We decided to use a combination of Cefalexin and Kanamycin as a first choice.
The extended treatment regime obviously affects days spent in the hospital pen, due to an
extended milk withholding time.

Survival in the herd to 30 d post CM was not affected by treatment. This is in agreement
with Lago et al. [4] and Vasquez et al. [14]. Survival in the herd to 60 d post CM, however,
was improved in the SELECT group (OR = 0.54 for culling within 60 d). While the reason for
this observation cannot be elucidated with our study design, it is, however, in agreement
with a previous study, where removal from the herd within 21 d was reduced in the
SELECT group compared with the BT group (OR = 0.48; [13]). In that particular study, only
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environmental streptococci were treated with antimicrobials in the SELECT group. We
speculate that an immediate antibiotic treatment of all sick animals, as implemented in the
BT group, might affect management decisions for herd removal later on. This should be
investigated in the future. In our study, parity and number of CM events affected survival
in the herd to 60 d, which is also in agreement with previous studies [14,19].

One drawback of this study was that we had no information on days to clinical cure
and laboratory culture results from CM cases for both treatment protocols. Serial cultures
after CM to determine bacteriological cure can be considered the gold standard in research
trials to assess treatment efficacy. However, initial cultures can return negative results,
limiting the ability to determine cure. Follow-up samples may also result in a different
pathogen or contamination. Indirect assessment of treatment efficacy using milk yield, LS
post CM and survival in the herd has been utilized as a reliable alternative [20].

Appearance of normal milk may not constitute elimination of the infection, but most
producers rely on this observation for the decision-making process. Instead, we used days
spent in the hospital pen as a proxy for cure. Days out of the tank is an important attribute,
as it has been linked to the economics of selective treatment approaches for mild and
moderate CM cases [21].

The authors recognize that trials using multiple herds may provide additional data
that accounts for variation among herds. This is clearly a limitation of the current study, as
this study population is not representative of an external population. Certainly, one should
not generalize the results of this study to dairy farms that do not have Streptococcus uberis as
the dominating mastitis causing pathogen. Nevertheless, Streptococcus uberis is considered
a major pathogen on modern dairy farms [22].

Cows with severe cases of CM were excluded. Research has shown that the use of
systemic antibiotics is beneficial for the treatment of septicemia that occurs in many cows
affected with severe mastitis [22]. Therefore, these cows were not assigned to the selective
treatment protocol.

Cows with repeated cases of CM were assigned to treatment with Cefoperazon in
both BT and SELECT. We tested common mastitis pathogens on the farm for antimicrobial
resistance before the start of the trial. Most of the Gram-positive pathogens were sensitive
to Cefoperazon. There was no difference in the percentage of repeated cases between BT
and SELECT. Therefore, we do not expect that the results of this trial are biased by this
treatment.

4. Materials and Methods
4.1. Study Animals

Clinical mastitis cases were assessed for inclusion at a 2600 Holstein cow commercial
dairy in Mecklenburg-Vorpommern, Germany, between September 2017 and December
2017, under Institutional Animal Care and Use Committee approval. This farm was chosen
due to its large herd size, a monthly incidence of 5 to 6% CM, the availability of reliable
health records and its willingness to participate. This farm used Dairy Herd Improvement
Association services, which included monthly somatic cell count and milk weights. Health
records included treatment, treatment pen moves, and culling data.

4.2. Case Definition

Each CM case was detected by trained on-farm employees by observing abnormal-
ities in milk, such as changes in consistency and color, or udder signs, including hard,
swollen, or red quarters. Farm personnel were trained using standard operating proce-
dures provided by the Clinic of Animal Reproduction. Cows exhibiting severe symptoms
such as depression, anorexia, dehydration, or fever received systemic antimicrobials and
anti-inflammatories and were excluded from the study. Other exclusion criteria included
treatment with antimicrobials or anti-inflammatories in the previous 15 d and impending
sale of the animal. Subsequent cases from an individual cow were included. A cow was
not excluded if it had had one or more cases of mastitis before enrollment.
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4.3. Sample Collection and Treatment Assignment

Using a sterile technique, a milk sample was collected from each affected quarter
into a milk culture tube. The tube was labeled and promptly placed in a 5 ◦C refrigerator.
Quarter and date entering hospital pen were recorded in Dairy Comp 305 (DC305; Valley
Agricultural Software, Tulare, CA, USA). Milk sampling, inoculation of plates, reading out
and treatment of cows were conducted by farm personnel based on standard operating
procedures provided by the Clinic of Animal Reproduction. Milk samples were cultured
using Accumast® (FERA Animal Health LCC, Ithaca, NY, USA). The diagnosis of mastitis-
related pathogens or groups of bacteria was carried out according to the manufacturers’
recommendations. Briefly, milk samples were plated onto Accumast® using a sterile
cotton swab. Before application into each of the three sections of Accumast® the swab
was immersed in the milk sample. Plates were incubated at 37 ◦C for 24 h and read
on-farm by farm personnel according to the flowchart provided for on-farm diagnosis of
mastitis pathogens identifiable by Accumast®. The Accumast® system uses three selective
chromogenic media to identify specific bacteria or group of bacteria. Accumast® identifies
Staphylococcus aureus, Staphylococcus spp., Streptococcus spp., Enterococcus spp. or Lactococcus
spp. (EL group), Klebsiella spp., Enterobacter spp. or Serratia spp. (KES group), E. coli, Gram-
negative bacteria other than E. coli or KES, and milk samples with no bacterial growth.

Cows in the herd were randomly assigned by DC305 to either the blanket therapy
group or the pathogen-based treatment group. If a cow was enrolled a successive time, the
same treatment group was assigned.

4.4. Treatment Groups

Irrespective of severity score or treatment group, all cows received 0.5 mg/kg meloxi-
cam (Metacam, Boehringer-Ingelheim, Ingelheim, Germany) on the initial day of CM
diagnosis. Treatment of mild or moderate cases of CM is summarized in Figure 1 for cows
in the SELECT and BT group.

4.4.1. Blanket Therapy Group

Cows with the first case of CM received 200 mg Cefalexin and 100,000 I.U. Kanamycin
(Ubrolexin, Boehringer-Ingelheim, Ingelheim, Germany) in the blanket therapy (BT) group,
immediately after enrollment. The treatment was repeated once every 24 h for 5 d according
to label directions. Cows with a subsequent case of CM received 100 mg Cefoperazon
(Peracef, Zoetis, Berlin, Germany). The treatment was repeated once every 24 h for 3 d
according to label directions.

4.4.2. Pathogen-Based Treatment Group

In the pathogen-based (SELECT) treatment group, results from the on-farm culture
system were transferred to DC305. Cows were automatically assigned to one of the follow-
ing treatment options based on the culture results: (1) cows with no growth received no
further treatment, (2) cows positive with Gram-negative bacteria received two additional
treatments with 0.5 mg/kg meloxicam 24 h apart, (3) cows with a first case of Streptococ-
cus Uberis or environmental Streptococci received one 200 mg Cefalexin and 100,000 I.U.
Kanamycin (Ubrolexin, Boehringer-Ingelheim, Ingelheim, Germany) every 24 h for 5 d.
Cows with a subsequent case of Streptococcus uberis or environmental Streptococci received
100 mg Cefoperazon (Peracef, Zoetis, Berlin, Germany) every 24 h for 5 d, (4) cows with
a first case of other Gram-positive bacteria received 200 mg Cefalexin and 100,000 I.U.
Kanamycin (Ubrolexin, Boehringer-Ingelheim, Ingelheim, Germany) every 24 h for 3 d.
Cows with a subsequent case of Streptococcus uberis or environmental Streptococci received
100 mg Cefoperazon (Peracef, Zoetis, Berlin, Germany) every 24 h for 3 d.
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selective treatment. 1 Metacam, Boehringer-Ingelheim, Ingelheim, Germany. 2 Ubrolexin, Boehringer-
Ingelheim, Ingelheim, Germany. 3 Peracef, Zoetis, Berlin, Germany.

All CM cows remained in the hospital pen until milk withdrawal times were met
and milk returned to normal visual appearance. Entrance and exit dates were recorded by
on-farm personnel. Any cow that graduated to severe clinical signs exited the trial and was
treated systemically according to veterinary recommendations.

4.5. Treatment Outcomes

Cows in the study were followed up for post-treatment milk production, post-treatment
linear score, survival in the herd, and days in hospital pen (number of days between en-
trance and exit into and from this pen). Linear score is a transformation of somatic cell count
(SCC), calculated as [ln(SCC/100)/ln(2)] + 3 [23]. Post-treatment LS and milk production
were obtained from test day data between 8 and 43 d post-CM event. All values and dates
were retrieved from the on-farm management software.

4.6. Data Collection and Statistical Analyses

All statistical analyses were performed using SPSS for Windows (version 22.0, SPSS
Inc., IBM, Ehningen, Germany). Cow was the experimental unit. The effects of selected ex-
planatory variables on post-treatment outcomes were analyzed using the GENLINMIXED
procedure in SPSS for continuous variables (i.e., LS, milk yield, hospital days) and dichoto-
mous outcomes (i.e., survival). Continuous explanatory variables included days in milk at
CM event, milk production and LS before treatment (8 to 43 d before the event). Explana-
tory categorical variables tested were mastitis event (first, second, or third or greater) and
parity (first, second, or third or greater). Each parameter considered for the mixed model
was separately analyzed in a univariable model. Only parameters resulting in univariable
models with p ≤ 0.10 were included in the final mixed model. Selection of the model
that best fit the data was performed using a backward stepwise elimination procedure
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that removed all variables with p > 0.10 from the model. Regardless of significance level,
treatment (BT vs. SELECT) was forced to remain in the model. Five models were used,
describing the treatment effect on (1) milk yield, (2) LS, (3) the odds of survival at 30 d,
(4) the odds of survival at 60 d, and (5) the average number of hospital days. Not all
included cows had complete LS or milk yield data, as some cows experienced their CM
event in early lactation with no prior test day or experienced the CM event late in lactation
with no post-CM test day. Cows were excluded from hospital days analysis if pen moves
were incomplete. An animal was not included in a model if it was missing a data point for
a parameter offered to the model. Therefore, the number of animals was indicated for each
analysis. Variables were declared to be significant when p ≤ 0.05. A statistical tendency
was declared when p was between 0.05 and p ≤ 0.10.

5. Conclusions

Results from the present study suggest that a delayed treatment of mild and moderate
CM cases using a selective treatment approach with on-farm culture resulted in no negative
effects on milk yield, LS, days spent in the hospital, and culling risk two months following
the CM event. However, one-third of the CM cases was not treated with intramammary
antimicrobials. Therefore, a selective treatment approach provides an opportunity to
reduce antimicrobial use on dairy farms without affecting health, performance, and welfare
of animals.

Author Contributions: Conceptualization, S.B. and W.H.; Methodology, S.B. and W.H.; Software,
S.B.; Validation, W.H.; Formal Analysis, S.B.; Investigation, S.B.; Resources, W.H.; Data Curation, S.B.;
Writing—Original Draft Preparation, S.B.; Writing—Review and Editing, W.H.; Visualization, S.B.;
Supervision, W.H.; Project Administration, W.H.; Funding Acquisition, W.H. All authors have read
and agreed to the published version of the manuscript.

Funding: This study was funded by Tiergyn Berlin e.V. (Berlin, Germany).

Institutional Review Board Statement: Ethical review and approval were waived for this study
because this trial was a retrospective data analysis.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ownership of the farm.

Acknowledgments: We gratefully thank the participating dairy farm for their collaboration. The
publication of this article was funded by Freie Universität Berlin.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Oliveira, L.; Hulland, C.; Ruegg, P.L. Characterization of clinical mastitis occurring in cows on 50 large dairy herds in Wisconsin.

J. Dairy Sci. 2013, 96, 7538–7549. [CrossRef]
2. Lago, A.; Godden, S.M. Use of Rapid Culture Systems to Guide Clinical Mastitis Treatment Decisions. Vet. Clin. N. Am. Food

Anim. Pract. 2018, 34, 389–412. [CrossRef] [PubMed]
3. Oliveira, L.; Ruegg, P.L. Treatments of clinical mastitis occurring in cows on 51 large dairy herds in Wisconsin. J. Dairy Sci. 2014,

97, 5426–5436. [CrossRef] [PubMed]
4. Lago, A.; Godden, S.M.; Bey, R.; Ruegg, P.L.; Leslie, K. The selective treatment of clinical mastitis based on on-farm culture

results: I. Effects on antibiotic use, milk withholding time, and short-term clinical and bacteriological outcomes. J. Dairy Sci. 2011,
94, 4441–4456. [CrossRef] [PubMed]

5. Fuenzalida, M.J.; Ruegg, P.L. Negatively controlled, randomized clinical trial to evaluate use of intramammary ceftiofur for
treatment of nonsevere culture-negative clinical mastitis. J. Dairy Sci. 2019, 102, 3321–3338. [CrossRef]

6. Fuenzalida, M.J.; Ruegg, P.L. Negatively controlled, randomized clinical trial to evaluate intramammary treatment of nonsevere,
gram-negative clinical mastitis. J. Dairy Sci. 2019, 102, 5438–5457. [CrossRef]

7. Oliver, S.P.; Almeida, R.A.; Gillespie, B.E.; Headrick, S.J.; Dowlen, H.H.; Johnson, D.L.; Lamar, K.C.; Chester, S.T.; Moseley, W.M.
Extended Ceftiofur Therapy for Treatment of Experimentally-Induced Streptococcus uberis Mastitis in Lactating Dairy Cattle. J.
Dairy Sci. 2004, 87, 3322–3329. [CrossRef]

http://doi.org/10.3168/jds.2012-6078
http://doi.org/10.1016/j.cvfa.2018.06.001
http://www.ncbi.nlm.nih.gov/pubmed/30316499
http://doi.org/10.3168/jds.2013-7756
http://www.ncbi.nlm.nih.gov/pubmed/24997660
http://doi.org/10.3168/jds.2010-4046
http://www.ncbi.nlm.nih.gov/pubmed/21854917
http://doi.org/10.3168/jds.2018-15497
http://doi.org/10.3168/jds.2018-16156
http://doi.org/10.3168/jds.S0022-0302(04)73468-2


Antibiotics 2022, 11, 368 9 of 9

8. Gillespie, B.E.; Moorehead, H.; Lunn, P.; Dowlen, H.H.; Johnson, D.L.; Lamar, K.C.; Lewis, M.J.; Ivey, S.J.; Hallberg, J.W.;
Chester, S.T.; et al. Efficacy of extended pirlimycin hydrochloride therapy for treatment of environmental Streptococcus spp and
Staphylococcus aureus intramammary infections in lactating dairy cows. Vet. Ther. 2002, 3, 373–380.

9. Sol, J.; Sampimon, O.C.; Barkema, H.W.; Schukken, Y.H. Factors Associated with Cure after Therapy of Clinical Mastitis Caused
by Staphylococcus aureus. J. Dairy Sci. 2000, 83, 278–284. [CrossRef]

10. Ferreira, J.C.; Gomes, M.S.; Bonsaglia, E.C.R.; Canisso, I.F.; Garrett, E.F.; Stewart, J.L.; Zhou, Z.; Lima, F.S. Comparative analysis of
four commercial on-farm culture methods to identify bacteria associated with clinical mastitis in dairy cattle. PLoS ONE 2018,
13, e0194211. [CrossRef]

11. MacDonald, K.A.R. Validation of on Farm Mastitis Pathogen Identification Systems and Determination of the Utility of a Decision
Model to Target Therapy of Clinical Mastitis during Lactation. Ph.D. Thesis, University of Prince Edward Island, Charlottetown,
PE, Canada, 2011.

12. Lago, A.; Luiz, D.; Pearce, D.; Tovar, C.; Zaragoza, J. Effect of the selective treatment of gram-positive clinical mastitis cases versus
blanket therapy. J. Anim. Sci. 2016, 94 (Suppl. 5), 75–76.

13. Lago, A.; Tovar, C.; Zaragoza, J.; Luiz, D.; Pearce, D. The treatment of only environmental streptococci clinical mastitis cases
reduced antibiotic use, days out of the tank, recurrence of clinical mastitis and a tendency to reduce culling. In Proceedings of the
55th Annual Meeting of National Mastitis Council, Glendale, AZ, USA, 31 January–2 February 2016; pp. 182–183.

14. Vasquez, A.K.; Nydam, D.V.; Capel, M.B.; Eicker, S.; Virkler, P.D. Clinical outcome comparison of immediate blanket treatment
versus a delayed pathogen-based treatment protocol for clinical mastitis in a New York dairy herd. J. Dairy Sci. 2017, 100,
2992–3003. [CrossRef] [PubMed]

15. Sipka, A.; Wieland, M.; Biscarini, F.; Rossi, R.M.; Roman, N.; Santisteban, C.; Moroni, P.; Nydam, D.V. Short communication:
Comparative performance of 3 on-farm culture systems for detection of mastitis pathogens interpreted by trained and untrained
observers. J. Dairy Sci. 2021, 104, 4936–4941. [CrossRef] [PubMed]

16. Krömker, V.; Paduch, J.-H.; Abograra, I.; Zinke, C.; Friedrich, J. Effekte einer zusätzlichen entzündungshemmenden Therapie
mit Carprofen (Rimadyl Rind) bei schweren Mastitiden hochleistender Milchkühe. Berl. Munch. Tierarztl. Wochenschr. 2011,
124, 161–167. [PubMed]

17. McDougall, S.; Bryan, M.A.; Tiddy, R.M. Effect of treatment with the nonsteroidal antiinflammatory meloxicam on milk
production, somatic cell count, probability of re-treatment, and culling of dairy cows with mild clinical mastitis. J. Dairy Sci. 2009,
92, 4421–4431. [CrossRef] [PubMed]

18. Shpigel, N.Y.; Chen, R.; Winkler, M.; Saran, A.; Ziv, G.; Longo, F. Anti-inflammatory ketoprofen in the treatment of field cases of
bovine mastitis. Res. Vet. Sci. 1994, 56, 62–68. [CrossRef]

19. Pinzón-Sánchez, C.; Ruegg, P.L. Risk factors associated with short-term post-treatment outcomes of clinical mastitis. J. Dairy Sci.
2011, 94, 3397–3410. [CrossRef]

20. Bradley, A.J.; Green, M.J. Factors affecting cure when treating bovine clinical mastitis with cephalosporin-based intramammary
preparations. J. Dairy Sci. 2009, 92, 1941–1953. [CrossRef]

21. Pinzón-Sánchez, C.; Cabrera, V.E.; Ruegg, P.L. Decision tree analysis of treatment strategies for mild and moderate cases of clinical
mastitis occurring in early lactation. J. Dairy Sci. 2011, 94, 1873–1892. [CrossRef]

22. Ruegg, P.L. Making Antibiotic Treatment Decisions for Clinical Mastitis. Vet. Clin. N. Am. Food Anim. Pract. 2018, 34, 413–425.
[CrossRef]

23. Ali, A.K.A.; Shook, G.E. An Optimum Transformation for Somatic Cell Concentration in Milk. J. Dairy Sci. 1980, 63, 487–490.
[CrossRef]

http://doi.org/10.3168/jds.S0022-0302(00)74875-2
http://doi.org/10.1371/journal.pone.0194211
http://doi.org/10.3168/jds.2016-11614
http://www.ncbi.nlm.nih.gov/pubmed/28161180
http://doi.org/10.3168/jds.2020-19166
http://www.ncbi.nlm.nih.gov/pubmed/33612204
http://www.ncbi.nlm.nih.gov/pubmed/21465772
http://doi.org/10.3168/jds.2009-2284
http://www.ncbi.nlm.nih.gov/pubmed/19700702
http://doi.org/10.1016/0034-5288(94)90197-X
http://doi.org/10.3168/jds.2010-3925
http://doi.org/10.3168/jds.2008-1497
http://doi.org/10.3168/jds.2010-3930
http://doi.org/10.1016/j.cvfa.2018.06.002
http://doi.org/10.3168/jds.S0022-0302(80)82959-6

	Introduction 
	Results 
	Descriptive Data 
	Effect of Treatment Protocol 
	Effect on Test-Day Milk Yield 
	Effect on Linear Score 
	Effect on Probability of Survival at 30 d 
	Effect on Probability of Survival at 60 d 
	Effect on Hospital Days 


	Discussion 
	Materials and Methods 
	Study Animals 
	Case Definition 
	Sample Collection and Treatment Assignment 
	Treatment Groups 
	Blanket Therapy Group 
	Pathogen-Based Treatment Group 

	Treatment Outcomes 
	Data Collection and Statistical Analyses 

	Conclusions 
	References

