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Simple Summary: Selective dry cow therapy involves giving local antibiotic treatment into the udder
only to those cows which are likely to be infected with a mastitis-causing organism, while uninfected
cows receive an internal teat sealant only, a physical barrier inserted into the teat to prevent infections
entering the udder via the teat canal. The application of teat sealant only without antibiotics can
induce infections into the udder if not done hygienically, and veterinarians should be training farmers
in hygienic application. Therefore, veterinary students have to be trained in the technique themselves,
and farmers may be concerned about allowing students to practice on their cows. This study follows
up cows dried off by farm staff and students on a single dairy farm and compares several parameters
indicative of mastitis and also looks into the survival of cows in the herd. There is no indication
that cows perform worse when dried off by students under close supervision, and the risk of culling
within twelve months was lower in cows dried off by students.

Abstract: (1) Background: Selective dry cow therapy is widely promoted in many countries world-
wide, however, concerns have been raised about the consequences of the unhygienic application of
preparations by untrained operators, especially if no antimicrobials are being used, risking deterio-
rating mastitis outcomes. (2) Method: This study follows up on cows being dried off by farm staff
and those dried off by final-year veterinary students and first-year graduate interns in a supervised
training session. Subsequent mastitis parameters and culling data in a single herd with a low somatic
cell count were evaluated. (3) Results: A total of 316 dry periods were enrolled in the study. There
was no significant difference in the percentage of cows showing at least one high SCC reading within
90 days of the following lactation or cows with at least one case of clinical mastitis within the same
period, neither in the total nor in the subset of cows dried off without an antimicrobial. Dry period
cure rates and dry period new infection rates were similar too, as was the percentage of cows surviv-
ing in the herd after six months. The risk of culling within twelve months post-drying off was lower
in cows dried off by students, the difference in survival manifesting itself from 150 days post-drying
off, which is an unexplained finding. (4) Conclusion: Well-supervised practical training sessions on
drying off routine can be responsibly implemented on well-managed commercial dairy herds.

Keywords: selective dry cow therapy; mastitis; student teaching; drying off routine; somatic cell
counts (SCC)

1. Introduction

The dry period is a crucial part in the cow’s lactation cycle with regards to reducing
intramammary infections (IMIs). Natural defense mechanisms, like forming a keratin plug
in the teat canal in order to prevent pathogen entry or lactoferrin to deplete bacteria of
iron [1], play a crucial role in reducing clinical and subclinical mastitis. Dry cow therapy
aims to support these defenses, therefore leading to a reduction in new IMIs as well as
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curing any existing ones. Until around 2000, both preventive and therapeutic aims were
achieved by blanket antibiotic dry cow therapy (BDCT), which involved introducing a
long-acting antibiotic intramammary suspension into each quarter. This was part of the five-
point plan established in the 1960s, which was very successful in reducing the incidence
and prevalence of contagious mastitis, predominantly caused by Staphylococcus aureus and
Streptococcus agalactiae [2].

The successful reduction of contagious mastitis led to a decrease in the number of cows
infected at the point of drying off. This and the introduction of internal teat sealants (ITSs)
led to the concept of selective dry cow therapy (SDCT) [3]. Internal teat sealants provide a
mechanical barrier at the teat and have been shown to be more effective in preventing new
intramammary infections than antimicrobials [4]. It is known that a percentage of cows
fail to produce an effective keratin plug, more so in higher-yielding cows [5]. It follows
that individually selecting cows based on their infection status for either antibiotic dry cow
therapy (ADCT) combined with an ITS, or ITS only, was a logical step forward, leading to
potentially comparable outcomes with reduced antimicrobial usage. Kabera and others
(2021) carried out a systematic review and meta-analysis comparing SDCT and BDCT and
concluded that SDCT leads to a reduction in antimicrobial usage without any difference in
the risk of acquiring new IMIs, curing existing IMIs and showing clinical mastitis within
the first four months of calving, if ITSs are used in SDCT [6].

As for the selection criteria, somatic cell count and clinical mastitis records are normally
used in the UK, and cows are commonly considered infected if any of the last three monthly
SCC readings is above 200,000 or if a clinical case of mastitis occurred in the three months
before drying off [7]. Higher or lower thresholds may be used dependent on herd status,
affecting sensitivity, specificity and predictive values [8–10].

The current industry standard is to select at cow level, therefore applying ADCT to
all four quarters in cows judged as infected. Treatment selection at the quarter level, only
applying ADCT to infected quarters, based on quick tests like California Mastitis Test or on
farm culture tests have been described with encouraging results [11–14].

Few studies have assessed direct effects of antibiotic versus selective dry cow therapy
on antimicrobial resistance and focus mainly on residues in colostrum and effects in calves,
with contradictory results [15,16]. In the wider context of a One Health approach, however,
it is necessary to minimise any unnecessary use of antimicrobials [17], and EU regulation
2019/6, article 107, prohibits the routine use of prophylactic antimicrobial usage.

In the United Kingdom (UK), despite the promotion of selective dry cow therapy by
veterinarians and milk buyers, sales of antimicrobial dry cow intramammary products
have fallen by only 12% between 2014 and 2021, from 0.62 to 0.55 courses per cow per
year. In comparison, sales of lactating cow intramammary products, used to treat clinical
mastitis, have fallen by 55% in the same time period [18]. While the latter figure was also
confounded by supply issues regarding lactating cow products, it is widely believed that
there is more potential to promote and implement SDCT in UK dairy herds. There are,
however, known obstacles preventing the wider uptake of SDCT.

Ref. [19] investigated barriers and facilitators for SDCT on Irish dairy farms by tele-
phone interviews and identified fear of increasing mastitis, infrastructure limitations, lack
of preventive advice and peer influence as barriers, while targeted veterinary consultancy,
regulatory pressure and high standards of farm hygiene were facilitators. Farmers’ at-
titudes in the Netherlands were examined by Scherpenzeel and others (2016) [20], and
obstacles were lengthy experience with BDCT and resistance to change, fear of introducing
pathogens and iatrogenic mastitis and even deaths, and skepticism about udder health
outcomes using fewer antimicrobials. Scherpenzeel and others (2018) [21] also investigated
vets’ attitudes to SDCT and found that some vets were negative about the approach, leading
to less implementation of SDCT. In a survey in the United Kingdom, Orpin (2017) [22]
found that 55% of farmers surveyed feared that selective dry cow therapy could result in
more deaths and mastitis. Ref. [23] described a case of gangrenous mastitis as part of a
herd outbreak in a dairy herd following combination dry cow therapy with cephalonium
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and a bismuth-based teat sealant. Pseudomonas aeruginosa was cultured from the udder
secretion as well as from the teat sealant tube which was stored in an open bucket in the
parlour, with the bottom layer of tubes immersed in contaminated water. Cephalonium is
ineffective against Pseudomonas sp.

It is well established that veterinary input and consultancy drive farmers’ confidence
and success in implementing SDCT [19]. However, this requires veterinarians to be trained
in the theory and practice of using the technique and applying a hygienic routine. Knowing
the potential risks and perceived barriers, a confident approach is needed to implement this
approach, which also requires practical confidence amongst the training vets themselves in
the method of drying off. Edgar Dale’s Pyramid of Learning compares retention rates of
different learning methods, postulating that the highest retention rates occur after active
learning like “practice by doing” and “teaching others” and the lowest ones occur after
passive learning like listening to lectures, reading and audio-visual exposure [24]. Although
the concept and the actual retention rate figures are disputed by some authors [25], the
general concept is widely agreed and is also similar to other theories like deep and surface
learning [26] and multisensory learning [27]. Reference [28] examined veterinary practical
classes on their deep learning scores and found higher scores in practical sessions compared
to more passive methods. Overall, while lectures, audio-visual media and models provide a
valuable preparation of students and farmers to learn the technique of SDCT, concerns may
arise on mastitis outcomes in those cows used for teaching. In the UK, practical teaching of
drying off procedures on live cows is not routinely taught to veterinary students, but the
routine is explained and some teaching takes place using models.

In order to assess the position that well-trained novices to a new technique are as good
as experienced practitioners of said technique, this study follows cows from a single dairy
farm where the practical teaching of veterinary students and recent graduates (interns) was
carried out and compares clinical and subclinical mastitis outcome parameters of cows
dried off by students versus those dried off by farm personnel.

It is hypothesised that teaching well-supervised students in drying off cows using
SDCT does not lead to negative mastitis outcome or longevity parameters in the cows
compared to cows dried off by experienced farm staff.

2. Materials and Methods
2.1. Farm Details and Background

The 150-cow Holstein herd is part of an agriculture college in the southwest of England.
Apart from involving students and apprentices in some activities, it is run under commercial
conditions. During the study period, two herdspeople, each with more than 10 years’
experience, were responsible for the practical cow management including drying off cows.
The herd is predominantly autumn calving; most cows calve between August and October,
with a few cows calving up to December. Drying off in the autumn block takes place mainly
from June until September, with a few cows dried off in October. After drying off, cows are
turned out to pasture for about five weeks before being housed for a three-week transition
period pre-calving. Yields per cow per year increased from about 9000 to 10,000 L during
the study period. Following a historic fertility problem, a small spring calving group of
about 15 to 25 cows was established in recent years, calving in March and April. Cows are
kept in a cubicle barn during the winter, with mattrasses and sawdust as the lying surface.
They are fed on a partial mixed ration containing maize silage, grass silage and a protein
blend, with compound feed offered in the milking parlour according to individual yields.
During the summer, cows are grazing pastures and fed compound cake at milking in the
parlour. Dry cows for the autumn calving block are first kept on pasture and are housed in
two designated dry cow barns with loose housing on straw for the transition period. Those
are fed a total mixed ration containing maize silage, grass silage, protein blend and a high
amount of straw. The dry period length is 65–70 days.
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The overall mastitis incidence during the study period is around 25 cases per 100 cows
per year, somatic cell counts average at around 135,000/mL. The herd replacement rate is
around 29%.

2.2. Student Training Sessions

• Between 2019 and 2022, practical teaching sessions on drying off cows were carried
out for a proportion of the autumn calving blocks during the summer months. These
were performed on given teaching days on those cows due to be dried off at that time,
making them a convenience sample. The trainees were final-year veterinary students
on a rotation and first-year qualified veterinarians on an internship programme. Most
students and interns on the course had never dried off cows before. The practical
sessions in the parlour were preceded by a seminar on selective dry cow therapy and
a practical session on a model udder.

• Between two and four students took part in each training session, with six to ten cows
dried off on a single day, so most individual students dried off between two and four
cows. One cow was dried off at a time, and all students were closely supervised by
one of the authors (PP) during the whole of the procedure.

The following methods were taught, based on UK industry recommendations [8,29],
as follows:

• Cows to be dried off were separated at morning milking to re-enter the washed-down
herringbone parlour afterwards.

• All tubes, cotton wool and spirit were stored in closed containers or packaging, avoid-
ing contamination during the process.

• Cows had been allocated by the farmer to either antibiotic or non-antibiotic treatment
according to the criteria in the health plan set up with the local veterinarian, and a list
was provided.

• New nitryl gloves were worn by all students which were either washed with warm
water or changed between cows.

• A pre-milking teat disinfectant was applied via a dip cup to all four teats and kept on
for at least 30 s, then wiped off with a clean paper towel, one towel per cow.

• Teats were wiped with cotton wool swabs soaked in surgical spirit, with new swabs
used until no soiling of the cotton wool was visible, but with a minimum of two swabs
per teat. One hand was holding the base of the teat, the other applying the swab in a
rotating movement under gentle pressure, concentrating on the area of the teat end.
To avoid subsequent contamination, wiping was started with the teats away from the
operator, followed by the wiping of the near teats. Milk was then stripped out a couple
of times to visualise the teat orifice.

• In those cows due to receive an antimicrobial, one tube containing cephalonium
(Cepravin Dry CowTM) was infused into every quarter, using the partial insertion
technique. This started at the teats closest to the operator, followed by those far away.
Once infusion was complete the quarter was massaged gently, facilitating diffusion
of the product. Teats were wiped with a single swab per teat before applying the
teat sealant.

• All cows received an internal teat sealant containing bismuth subnitrate (OrbesealTM),
either as a standalone treatment or after infusion of the antimicrobial product. This
started at the teats nearest to the operator and again was done using the partial
insertion technique, inserting the tip of the nozzle only to avoid teat damage. During
the infusion the base of the teat was “clamped” using the thumb and index or middle
finger in order to retain the sealant within the teat.

• After insertion, a post-milking teat disinfectant was applied using a spray.
• All dried off cows were marked with three red tapes around the tail.
• After drying off the cows were moved through a race and crush where they received

an oral liver fluke treatment containing triclabendazole, before being moved onto a
pasture. They had no access to a lying area for at least 30 min.
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• Cow number, date, treatments given and the name of the student were all recorded
and later entered into an ExcelTM spreadsheet.

The same drying-off protocol was also applied by farm staff, as outlined in the farm’s
health plan which was drawn up in conjunction with the routine veterinarian.

2.3. Criteria for Selective Dry Cow Therapy

The criteria for the use of antimicrobials at drying off were the same for cows dried
off by students and farm staff and were as follows according to the health plan: any of
the preceding three-monthly milk recordings with a cell count over 150,000/mL OR any
clinical mastitis case within three months before drying off.

2.4. Data Management and Statistical Evaluation

For further information, animal records were obtained using Interherd plus which
accesses the farmer’s milk recording data, and Uniform agri, a desktop herd management
programme on the farm, where all treatments are recorded.

All cows not recorded as being dried off by students were dried off by farm staff,
and no other students were involved in drying off cows. All cows dried off to calve in
the autumn calving block were enrolled in the study. Cows from the small spring calving
blocks were excluded, as no student training sessions were held during their drying off.

In order to compare the students’ performance with that of farm staff the following
outcomes were compared:

- Somatic cell counts post-calving

Cow records were assessed to check whether any of the monthly milk recordings
within 90 days of the following calving revealed at least one SCC reading above 200,000/mL.
Cows were milk recorded from five days in milk. Somatic cell count data was collected by
National Milk Records using an automated analyzer.

- Dry period new infection rates

Of those cows dried off with a last SCC reading of below 200,000/mL before drying
off, the percentage of cows with a first reading of above 200,000/mL post calving is defined
as dry period new infection rate and compared between the cohorts.

- Dry period cure rates

Of those cows dried off with a last SCC reading of above 200,000/mL before drying
off, the percentage of cows with a first reading of below 200,000/mL post-calving is defined
as dry period cure rate and compared between the cohorts.

- Clinical mastitis post-calving

Cow records were assessed whether cows developed at least one case of clinical
mastitis in the 90 days following parturition. Cows culled before 90 days and not showing
a clinical case up to then were excluded from the analysis.

- Survival in the herd

Cow records were assessed to check whether cows remained in the herd six and twelve
months following the drying off procedure.

To compare SCC and clinical mastitis in the first 90 days post-calving and six- and
twelve-month survival in the herd, a multivariable analysis was carried out. Variables in the
equation are: lactation number, co-treatment with antimicrobials (yes/no), student/farm
staff dry-off and the interaction between the latter two. The significance level was set at a
p-value of 0.05. All comparisons except for dry period cure and new infection rates and
culling analyses were carried out on the total of enrolled cows as well as on the subset of
cows dried off without antimicrobials only, as the main hygienic concerns are directed at
the latter. All statistical analyses were carried out using SPSS (IBM).
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3. Results
3.1. Dry Periods Enrolled and Test for Bias

A total of 316 dry periods were enrolled during the four years from 2019 to 2022.
In total, 118 dry periods involved first lactation cows, 89 second lactation cows, 67 third
lactation cows and 42 fourth or more lactation cows. In 134 events cows were dried off
by students and in 182 events cows were dried off by farm staff. Of the 316 drying off
procedures, 229 involved no antimicrobials (72.5%), 77 included an antimicrobial (24.4%),
and in 10 drying off events the treatment was unknown or the records contradictory (3.1%).

As the allocation to the groups was not randomised but based on the teaching schedule,
cows dried off by students and farmers were compared for potential bias regarding two
factors: primiparous versus multiparous cows and cows with and without antimicrobial
treatments. Chi square tests revealed p-values of 0.34 for primiparous versus multiparous
cows and 0.07 for antibiotics given vs. no antibiotics given, so there is no bias in the
lactation numbers but a trend without significant difference in students having dried off
more cows with antibiotics than farm staff (30% versus 21%).

3.2. Results of the Multivariable Analysis

Total dry periods
Somatic Cell Counts in the first 90 days post calving
A total of 305 dry periods with sufficient data were included in the analysis. Of the

175 cows dried off by farm staff, 23% (41 cows) developed at least one SCC reading above
200,000/mL, and of those dried off by students this number was 25% (32 out of 130). The
difference is not significant (p = 0.648).

Clinical mastitis in the first 90 days post calving
Cows not developing a case of mastitis were only included if they were at least 90 days

in the herd post-calving. A total of 300 dry periods with sufficient data were included in
the analysis. Of the 171 cows dried off by farm staff, 24 cows (14%) developed at least one
case of clinical mastitis within 90 days of the subsequent lactation, and of those dried off by
students the figure was 13 out of 129 (10%). The difference is not significant (p = 0.373).

Dry period cure rates—last SCC highs only, compared with first SCC
A total of 36 cows (18 dried off by farmers and 18 by students) had a high SCC pre-

drying off and sufficient data to enter the dry period cure rate analysis. Based on the first
SCC reading in the following lactation (within 40 days of calving), dry period cure rates
were 61% for students and 83% for farm staff (p = 0.212)

Dry period new infection rates—last SCC lows only, compared with first SCC
A total of 252 cows with a low cell count pre-drying off had sufficient data post-calving

to enter the analysis: 158 by farmers and 94 by students. Dry period new infection rates
based on the first SCC reading post-calving (within maximum of 40 days post calving)
were 17% for students and 14% for farm staff (p = 0.313).

Culling analysis
The six- and twelve-month survival rates were established from dry periods carried

out at least 12 months before the analysis. Of the 118 eligible cows dried off by students,
110 were still in the herd six months later (93%), and of the 132 dried off by farm staff
120 (91%) were still in the herd after six months (p = 0.377). After drying off, 90% of the
118 eligible cows dried off by students were still in the herd after 12 months, while of the
132 dried off by farm staff the figure was 83% (p < 0.001). The Kaplan–Meier survival curve
over 12 months shows a similar survivability of cows in the first 150 days (dry period plus
three months’ lactation) but a difference between 150 and 365 days (Figure 1).
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Figure 1. Kaplan–Meier survival curve for the twelve months post-drying off, comparing farm staff
and students in a single herd in the UK.

Dry periods without antibiotic treatment
Somatic Cell Counts in the first 90 days post calving (non-antibiotic dry periods only)
In total, 223 dry periods entered the analysis, 91 of which were dried off by students.

Of the 132 cows dried off by farm staff, 21% (28 cows) developed at least one SCC reading
above 200,000/mL, while of those dried off by students this number was 19% (17 out of 91).
The difference is not significant (p = 0.857).

Mastitis in first 90 days (non-antibiotic dry periods only)
A total of 220 dry periods with sufficient data were included in the analysis. Of the

130 cows dried off by farm staff, 15 cows (12%) developed at least one case of clinical
mastitis within 90 days of the subsequent lactation, while of those dried off by students the
figure was 7 out of 90 (8%). The difference is not significant (p = 0.284).

The results of the multivariable analysis are summarised in Table 1.

Table 1. Summary of the results of the multivariable analysis, reporting the contrast between farm
staff vs. recently trained students, controlled for lactation number and co-treated with antimicrobial,
in a single herd in the UK (SCC = somatic cell count).

Parameter Farm Staff Students p-Value

Overall

% with at least one SCC over 200,000/mL within 90 days post-partum 23 (41/175) 25 (32/130) 0.648

% with clinical mastitis within 90 days post-partum 14 (24/171) 10 (13/129) 0.373

Dry period cure rates 83 (15/18) 61 (11/18) 0.212

Dry period new infection rates 14 (22/158) 17 (16/94) 0.313

% of cows in herd six months after drying off 91 (120/132) 93 (110/118) 0.377

% of cows in herd twelve months after drying off 83 (110/132) 90 (106/118) <0.001

Cows dried off without antimicrobials:

% with at least one SCC over 200,000/mL within 90 days post-partum 21 (28/132) 19 (17/91) 0.857

% with clinical mastitis within 90 days post-partum 12 (15/130) 8 (7/90) 0.284
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In summary, no significant differences were found in the mastitis outcome parameters:

• At least one high SCC within 90 days of the following lactation;
• At least one case of clinical masitis within 90 days of the following lactation;
• Dry period cure rate;
• Dry period new infection rate;
• Survival in the herd after six months.

Significant effects of students vs. farm staff could be observed for the twelve-month
survival. Additionally, in the multivariable analysis, lactation number was a significant
factor on SCC post-calving, mastitis post-calving, dry period new infection and 365-day
survival rate and risk, but not dry period cure rate. Figure 1 shows the Kaplan–Meier
survival curve for the twelve-month post-drying off period.

4. Discussion

This is the first study to the authors’ knowledge comparing mastitis outcomes in cows
dried off by veterinary students/interns and farm staff. This could deflect commercial
dairy farmers raising concerns about allowing student training sessions taking place on
their enterprises, seeing potential risks in unhygienic application of treatments and the
subsequent increase of new IMIs or a failure to cure existing ones. These concerns may
be greater in herds with low SCCs and low clinical mastitis incidence, as any failures to
apply the correct hygiene may manifest itself in the deterioration of udder health. The
current results are encouraging as they have been obtained on a herd with few mastitis
problems. In addition, farmers in high SCC/high clinical mastitis herds may be reluctant
to allow students to train on their cows, as every effort is to be directed towards improving
the situation. The drying-off regime is only one amongst several factors determining dry
period performance. Preparing cows for drying off (controlling nutrition, body condition
and milk yield), dry cow housing and calving management are other important aspects,
studies on which have been well published within the UK dairy industry [29]. As the
comparison was carried out within one farm, the management factors can be considered
as constant.

We focussed on the mastitis outcomes in the first 90 days post-calving, which is in line
with Green and others (2002) [30] and Bradley and Green (2004) [1], who concluded that
this period reflects the clinical mastitis cases originating from dry period intramammary
infections. If there was a difference in clinical mastitis incidence during this period, the
drying-off routine would be a potential factor, as all other management factors during the
dry period and early lactation were the same for both cohorts of cows. On a SCC level
(subclinical mastitis), the three-month period is less established in the literature, therefore
both the single first SCC reading post-calving (if within 40 days post-calving) was taken
into account to calculate dry period cure rates and dry period new infection rates, as well
as all SCC readings in the first 90 days.

Clinical mastitis is a welfare issue at any stage of lactation, as it is associated with
pain and an alteration of the pain threshold, even in mild cases [31]. Mastitis in early
lactation, attributed to dry period infections, leads to higher economic losses. Rollin and
others (2015) [32] estimated the cost of an average case of clinical mastitis within 30 days
of calving to be USD 444, predominantly due to indirect costs like future milk production
loss and higher risk of premature culling. Lucey and Rowlands (1984) [33] established a
higher subsequent milk loss after mastitis cases early in lactation compared to those in
late lactation.

The allocation of cows to students and farmers was not made randomly but was based
on a convenience sample of cows due to be dried off by students at given teaching days.
While there was no question of bias regarding primiparous vs. multiparous cows there was
a trend just above the 0.05 significance level of students drying off a higher percentage of
cows with antibiotics, so the students appeared to have dried off a higher proportion of
potential problem cows.
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The data show that cows dried off by students in a training session performed equally
to those dried off by experienced farm staff in most areas examined, that is SCC and
clinical mastitis within 90 days of the following lactation, dry period cure and new infection
rates as well as survivability in the herd up to six months post-drying off. There was no
difference in survival in early lactation, as both the Kaplan–Meier survival curve and the
six-month survival rates show, so no difference in deaths or culling soon after drying off
could be observed. However, the difference in survival at 12 months is a surprising and
unexplained finding. As no culling reasons were available, the cause of this difference
remains unclear. If mastitis parameters played a part, the fact that in the student training
sessions no restrictions were placed on the available time for the procedure and the amount
of materials used, in combination with a natural fear by students of deteriorating a cow’s
condition when performing a task for the first time, this may have led to an improved
routine compared to what is practically achievable in a routine farm situation with the
associated pressures on labour. This aspect requires further investigation, as there may be
potential for improvement even in a low-problem herd with experienced staff.

The data show that well-supervised training sessions by students on well-managed
commercial farms do not negatively affect the welfare and economic performance of the
cows. However, as a limitation, it has to be pointed out that this result was achieved on
one farm only, and outcomes may differ on other farms or in training sessions performed
in different ways.

The effectiveness of teaching in live cows has been underlined in other areas such
as teaching pregnancy diagnosis—Annandale and others (2018) [34] found that students
trained on live cows showed a higher sensitivity to detect pregnancies under 6 months by
transrectal palpation than those trained on a model. However, the value of models as a
precursor for teaching on live cows is well established, e.g., by Giese and others (2016) [35].
There is some reluctance amongst farmers and teachers that using live cows in a commercial
situation may impact welfare or economic outcomes. As for the teaching of drying off
practice the current study provides encouraging results in favour of “real life” teaching.
While the inexperience of the students may be seen as detrimental, an advantage of the
teaching sessions is the lack of a time constraint. While labour is under pressure in dairy
farming to carry out tasks quickly, the teaching sessions had no limit on time, therefore
allowing students to carry out the routine to the highest standards while being closely
observed and advised by an experienced educator.

5. Conclusions

Teaching future farm veterinarians and advisors on a crucial procedure such as selec-
tive dry cow therapy has the potential to promote the concept and avoid negative effects
due to poor hygiene at the application. The data show that carrying out well-supervised
training sessions on well-managed commercial dairy farms, allowing sufficient time for
students, is a responsible and effective way of teaching with no detectable impacts on
animal welfare and farm economics.

Author Contributions: Conceptualisation, P.P.; methodology, P.P. and S.v.W.; formal analysis, P.P.,
S.v.W.; investigation, P.P.; writing—original draft preparation, P.P.; writing—review and editing, S.v.W.
and P.P.; visualisation, P.P. and S.v.W.; supervision, S.v.W.; project administration, P.P. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: No ethical approval was required as only retrospective farm
data were used. A signed consent form permitting the use of the data for the purpose of this study
is available.

Informed Consent Statement: Informed consent was obtained in writing from the farm manager
responsible for the running of the dairy herd.



Animals 2023, 13, 2318 10 of 11

Data Availability Statement: The farmer gave consent for the raw data to be used by the re-
searchers only, but any queries involving the processing of these data can be directed to the
corresponding author.

Acknowledgments: We would like to thank the participating farm for allowing us to dry off a
proportion of their cows and for giving us access to all the necessary data, and the participating
students for their diligence.

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

References
1. Bradley, A.J.; Green, M.J. The importance of the nonlactating period in the epidemiology of intramammary infection and strategies

for prevention. Vet. Clin. North Am. Food Anim. Pract. 2004, 20, 547–568. [CrossRef] [PubMed]
2. Dodd, F.H.; Westgarth, D.R.; Neave, F.K.; Kingwill, R.G. Mastitis—The Strategy of Control. J. Dairy Sci. 1969, 52, 689–695.

[CrossRef] [PubMed]
3. Biggs, A. Update on dry cow therapy 1. antibiotic v non-antibiotic approaches. In Pract. 2017, 39, 328–333. [CrossRef]
4. Huxley, J.N.; Green, M.J.; Green, L.E.; Bradley, A.J. Evaluation of the efficacy of an internal teat sealer during the dry period.

J. Dairy Sci. 2002, 85, 551–561. [CrossRef]
5. Dingwell, R.; Leslie, K.E.; Schukken, Y.H.; Sargeant, J.M.; Timms, L.L.; Duffield, T.F.; Keefe, G.P.; Kelton, D.F.; Lissemore, K.D.;

Conklin, J. Association of cow and quarter-level factors at drying-off with new intramammary infections during the dry period.
Prev. Vet. Med. 2004, 63, 75–89. [CrossRef]

6. Kabera, F.; Roy, J.P.; Afifi, M.; Godden, S.; Stryhn, H.; Sanchez, J.; Dufour, S. Comparing Blanket vs. Selective Dry Cow Treatment
Approaches for Elimination and Prevention of Intramammary Infections During the Dry Period: A Systematic Review and
Meta-Analysis. Front. Vet. Sci. 2021, 8, 688450. [CrossRef]

7. AHDB Dairy. Control of Environmental Mastitis in Lactation. 2020. Available online: https://ahdb.org.uk/knowledge-library/
control-of-dairy-cow-environmental-mastitis-in-lactation (accessed on 14 July 2023).

8. Biggs, A. Update on dry cow therapy 2. measuring dry period performance. In. Pract. 2017, 39, 363–371. [CrossRef]
9. Torres, A.H.; Rajala-schultz, J.; Degraves, F.J.; Hoblet, K.H. Using dairy herd improvement records and clinical mastitis history to

identify subclinical mastitis infections at dry-off. J. Dairy Res. 2008, 75, 240–247. [CrossRef]
10. Kabera, F.; Roy, J.P.; Keefe, G.; Dufour, S. Bayesian estimation of diagnostic accuracy of somatic cell counts history and on-farm

milk culture using Petrifilm®to identify quarters or cows that should be treated with antimicrobials in selective treatment
protocols at dry off. Prev. Vet. Med. 2021, 195, 105452. [CrossRef]

11. Kabera, F.; Dufour, S.; Keefe, G.; Cameron, M.; Roy, J.P. Evaluation of quarter-based selective dry cow therapy using Petrifilm
on-farm milk culture: A randomized controlled trial. J. Dairy Sci. 2020, 103, 7276–7287. [CrossRef]

12. Patel, K.; Godden, S.M.; Royster, E.E.; Timmerman, J.A.; Crooker, B.A. Pilot study: Impact of using a culture-guided selective dry
cow therapy program targeting quarter-level treatment on udder health and antibiotic use. Bov. Pract. 2017, 51, 48–57. [CrossRef]

13. Swinkels, J.M.; Leach, K.A.; Breen, J.E.; Payne, B.; White, V.; Green, M.J.; Bradley, A.J. Randomized controlled field trial comparing
quarter and cow level selective dry cow treatment using the California Mastitis Test. J. Dairy Sci. 2021, 104, 9063–9081. [CrossRef]
[PubMed]

14. Rowe, S.M.; Godden, S.M.; Nydam, D.V.; Gorden, P.J.; Lago, A.; Vasquez, A.K.; Royster, E.; Timmerman, J.; Thomas, M.J.
Randomized controlled non-inferiority trial investigating the effect of 2 selective dry-cow therapy protocols on antibiotic use at
dry-off and dry period intramammary infection dynamics. J. Dairy Sci. 2020, 103, 6473–6492. [CrossRef] [PubMed]

15. Duse, A.; Waller, K.P.; Emanuelson, U.; Unnerstad, H.E.; Persson, Y.; Bengtsson, B. Risk factors for antimicrobial resistance in fecal
Escherichia coli from preweaned dairy calves. J. Dairy Sci. 2015, 98, 500–516. [CrossRef] [PubMed]

16. Tetens, J.L.; Billerbeck, S.; Schwenker, J.A.; Hölzel, C.S. Short communication: Selection of extended-spectrum β-lactamase-
producing Escherichia coli in dairy calves associated with antibiotic dry cow therapy—A cohort study. J. Dairy Sci. 2019, 102,
11449–11452. [CrossRef] [PubMed]

17. Velazquez-Meza, M.E.; Galarde-López, M.; Carrillo-Quiróz, B.; Alpuche-Aranda, C.M. Antimicrobial resistance: One Health
approach. Vet. World 2022, 15, 743–749. [CrossRef] [PubMed]

18. Veterinary Medicines Directorate. UK Veterinary Antibiotic Resistance and Sales Surveillance Report—UK-VARSS 2021, Published
November 2022. Available online: https://www.gov.uk/government/publications/veterinary-antimicrobial-resistance-and-
sales-surveillance-2021 (accessed on 14 July 2023).

19. Huey, S.; Kavanagh, M.; Regan, A.; Dean, M.; McKernan, C.; McCoy, F.; Ryan, E.G.; Caballero-Villalobos, J.; McAloon, C.I.
Engaging with selective dry cow therapy: Understanding the barriers and facilitators perceived by Irish farmers. Ir. Vet. J.
2021, 74, 28. [CrossRef]

20. Scherpenzeel, C.G.M.; Tijs, S.H.W.; den Uijl, I.E.M.; Santman-Berends, I.M.G.A.; Velthuis, A.G.J.; Lam, T.J.G.M. Farmers’ attitude
toward the introduction of selective dry cow therapy. J. Dairy Sci. 2016, 99, 8259–8266. [CrossRef]

21. Scherpenzeel, C.G.M.; Santman-Berends, I.M.G.A.; Lam, T.J.G.M. Veterinarians’ attitudes toward antimicrobial use and selective
dry cow treatment in the Netherlands. J. Dairy Sci. 2018, 101, 6336–6345. [CrossRef]

22. Orpin, P. What can we learn from farmers experiences and attitudes to Selective Dry Cow Therapy? Cattle Pract. 2017, 25, 130–139.

https://doi.org/10.1016/j.cvfa.2004.06.010
https://www.ncbi.nlm.nih.gov/pubmed/15471624
https://doi.org/10.3168/jds.S0022-0302(69)86631-2
https://www.ncbi.nlm.nih.gov/pubmed/5391702
https://doi.org/10.1136/inp.j3107
https://doi.org/10.3168/jds.S0022-0302(02)74108-8
https://doi.org/10.1016/j.prevetmed.2004.01.012
https://doi.org/10.3389/fvets.2021.688450
https://ahdb.org.uk/knowledge-library/control-of-dairy-cow-environmental-mastitis-in-lactation
https://ahdb.org.uk/knowledge-library/control-of-dairy-cow-environmental-mastitis-in-lactation
https://doi.org/10.1136/inp.j3592
https://doi.org/10.1017/S0022029908003257
https://doi.org/10.1016/j.prevetmed.2021.105452
https://doi.org/10.3168/jds.2019-17438
https://doi.org/10.21423/bovine-vol51no1p48-57
https://doi.org/10.3168/jds.2020-19258
https://www.ncbi.nlm.nih.gov/pubmed/33934854
https://doi.org/10.3168/jds.2019-17728
https://www.ncbi.nlm.nih.gov/pubmed/32448572
https://doi.org/10.3168/jds.2014-8432
https://www.ncbi.nlm.nih.gov/pubmed/25465547
https://doi.org/10.3168/jds.2019-16659
https://www.ncbi.nlm.nih.gov/pubmed/31629516
https://doi.org/10.14202/vetworld.2022.743-749
https://www.ncbi.nlm.nih.gov/pubmed/35497962
https://www.gov.uk/government/publications/veterinary-antimicrobial-resistance-and-sales-surveillance-2021
https://www.gov.uk/government/publications/veterinary-antimicrobial-resistance-and-sales-surveillance-2021
https://doi.org/10.1186/s13620-021-00207-0
https://doi.org/10.3168/jds.2016-11349
https://doi.org/10.3168/jds.2017-13591


Animals 2023, 13, 2318 11 of 11

23. Milnes, A.; Plate, P. Gangrenous mastitis in a dairy herd. Vet. Rec. 2003, 153, 635.
24. Lalley, J.P.; Miller, R.H. The learning pyramid: Does it point teacher in the right direction? Education 2007, 128, 64–79.
25. Masters, K. Edgar Dale’s Pyramid of Learning in medical education: Further expansion of the myth. Med. Educ. 2020, 54, 22–32.

[CrossRef]
26. Marton, F.; Säljö, R. On qualitative differences in learning: Outcome and process. Br. J. Educ. Psychol. 1976, 46, 4–11. [CrossRef]
27. Shams, L.; Seitz, A.R. Benefits of multisensory learning. Trends Cogn. Sci. 2008, 12, 411–417. [CrossRef]
28. Ryan, M.T.; Baird, A.W.; Mulholland, C.W.; Irwin, J.A. Practical classes: A platform for deep learning? overall context in the

first-Year veterinary curriculum. J. Vet. Med. Educ. 2009, 36, 180–185. [CrossRef] [PubMed]
29. AHDB Agriculture and Horticulture Development Board. Dry Cow Management: A Practical Guide to Effective Mastitis Control.

2021. Available online: https://ahdb.org.uk/knowledge-library/dry-cow-management-a-practical-guide-to-effective-mastitis-
control (accessed on 14 July 2023).

30. Green, M.J.; Green, L.E.; Medley, G.F.; Schukken, Y.H.; Bradley, A.J. Influence of dry period bacterial intramammary infection on
clinical mastitis in dairy cows. J. Dairy Sci. 2002, 85, 2589–2599. [CrossRef] [PubMed]

31. Kemp, M.H.; Nolan, A.M.; Cripps, P.J.; Fitzpatrick, J.L. Animal-based measurements of the severity of mastitis in dairy cows. Vet.
Rec. 2008, 163, 175–179. [CrossRef] [PubMed]

32. Rollin, E.; Dhuyvetter, K.C.; Overton, M.W. The cost of clinical mastitis in the first 30 days of lactation: An economic modeling
tool. Prev. Vet. Med. 2015, 122, 257–264. [CrossRef]

33. Lucey, S.; Rowlands, G.J. The association between clinical mastitis and milk yield in dairy cows. Anim. Prod. 1984, 39, 165–175.
[CrossRef]

34. Annandale, A.; Annandale, C.H.; Fosgate, G.T.; Holm, D.E. Training method and other factors affecting student accuracy in
bovine pregnancy diagnosis. J. Vet. Med. Educ. 2018, 45, 224–231. [CrossRef] [PubMed]

35. Giese, H.; Ehlers, J.P.; Gundelach, Y.; Geuenich, K.; Dilly, M. Effects of different training methods for palpation per rectum of
internal genital organs on learning success and self-evaluation of students. Berl. Munch. Tierarztl. Wochenschr. 2016, 129, 216–224.
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/medu.13813
https://doi.org/10.1111/j.2044-8279.1976.tb02980.x
https://doi.org/10.1016/j.tics.2008.07.006
https://doi.org/10.3138/jvme.36.2.180
https://www.ncbi.nlm.nih.gov/pubmed/19625666
https://ahdb.org.uk/knowledge-library/dry-cow-management-a-practical-guide-to-effective-mastitis-control
https://ahdb.org.uk/knowledge-library/dry-cow-management-a-practical-guide-to-effective-mastitis-control
https://doi.org/10.3168/jds.S0022-0302(02)74343-9
https://www.ncbi.nlm.nih.gov/pubmed/12416812
https://doi.org/10.1136/vr.163.6.175
https://www.ncbi.nlm.nih.gov/pubmed/18689778
https://doi.org/10.1016/j.prevetmed.2015.11.006
https://doi.org/10.1017/S0003356100041799
https://doi.org/10.3138/jvme.1016-166r1
https://www.ncbi.nlm.nih.gov/pubmed/29185895
https://www.ncbi.nlm.nih.gov/pubmed/27344914

	Introduction 
	Materials and Methods 
	Farm Details and Background 
	Student Training Sessions 
	Criteria for Selective Dry Cow Therapy 
	Data Management and Statistical Evaluation 

	Results 
	Dry Periods Enrolled and Test for Bias 
	Results of the Multivariable Analysis 

	Discussion 
	Conclusions 
	References

