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Abstract 
The treatment of mastitis is one of the most frequent indications for 
antibiotic use in dairy cattle. Among the different manifestations of 
mastitis, non-severe clinical mastitis (CM) represents the majority of 
cases and thus accounts for a large proportion of antimicrobial 
consumption on dairy farms. While bacteriological cure (BC) is the 
primary measure of treatment success, no randomized controlled 
trials currently demonstrate significant differences in BC rates 
between the antibiotic intramammary injectors available in 
Germany. Consequently, the selection of an appropriate injector 
must be guided by other criteria. This article provides a structured, 
evidence-based overview of the most relevant decision criteria for 
the selection of antibiotic udder injectors for the treatment of non-
severe CM, and presents a comparative economic analysis of all 
injectors with market relevance in Germany. 
The criteria considered include the classification of active substances 
as critically important antimicrobials (according to EMA 
categorization), the resistance profile of mastitis pathogens, practical 
and operational factors (soft criteria), and economic calculations. For 
the economic analysis, direct costs were calculated for all 14 udder 
injectors listed in the Lila Liste, comprising medication costs, labor 
costs for application, and costs due to discarded milk during the 
withdrawal period. 
Based on the available evidence, injectors containing non-critical 
active ingredients with short milk withdrawal times represent the 
most favorable choice under current regulatory and economic 
conditions. Soft criteria, such as once-daily application, are 
increasingly relevant on farms with external labor or automatic 
milking systems. 
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Introduction 
Antibiotic treatment is a fundamental therapeutic approach for 

combating bacterial infections in humans and animals. In dairy cattle, 

the treatment of mastitis is one of the most common reasons for the 

use of antimicrobials [1]. Based on the presence or absence of clinical 

symptoms, a distinction can be made between clinical mastitis (CM) 

and subclinical mastitis (SCM). According to current 

recommendations, clinical mastitis should be treated (targeted) 

during lactation, while subclinical mastitis should be treated whenever 

possible at drying off and not during lactation [2]. CM causes 

immediate, direct costs (diagnostic, veterinarian services, additional 

labor, milk discard) and also indirect long-term costs (reduction of milk 

production, increased risk of culling [3] and reproduction disorders 

[4]). 

 

 

The measure of effectiveness of an antibiotic treatment is the 
bacteriological cure (BC). However, there are numerous cases of 
mastitis in which the BC rate cannot be increased by antibiotic therapy 
for various reasons. An important factor is the respective pathogen. 
There are pathogens that show a high spontaneous cure (e.g., 
Escherichia (E.) coli [5]), other pathogens show a low antibiotic cure 
or no antibiotic cure (Mycoplasma, Yeasts, Prototheca), and in some 
cases, no growth can be detected. In addition to the causative 
pathogen, the disease history of the respective animal and the current 
severity of the mastitis case must also be considered when deciding 
on treatment [6]. Since new infections can significantly worsen the 
cure success of cases already treated with antibiotics, the probability 
of new infections must also be taken into account when planning 
treatment [7]. Before starting antibiotic treatment, different factors 
should therefore be considered to treat only those animals that will 
benefit from it and are therefore worthy of treatment. With the help 
of on-farm tests, antibiotic use can be significantly reduced as part of 
targeted therapy by restricting the treatment to infections that benefit 
from antibiotic therapy [8,9]. It is even possible to carry out a simple 
antimicrobial resistance test within this framework [10]. 

If the clinical mastitis case is worth treating, there are many different 

options for antibiotic therapies. Considering the route of 

administration, a local intramammary application of antibiotic 

ointments in the type of an udder injector should be preferred. This 

form of application is even recommended by the European Medicines 

Agency (EMA) because, in contrast to systemic antibiotic 

administration, it does not have the negative side effect of impacting 

the intestinal bacteria, which can potentially lead to further 

development of resistance [11]. The available literature on the 

superiority of systemic or combined local and systemic antibiotic 

therapy over local therapy does not allow a clear evaluation [12,13]. 

A severe form of clinical mastitis with serious general health issues of 

the cow (fever, depression, downer cow) is the only reason that 

justifies systemic treatment administered parenterally to treat a 

possible bacteremia [14,15,16]. Considering that about 85% of clinical 

mastitis cases are of mild or moderate severity [17], systemic 

treatments should therefore be the exception rather than the rule. For 

this reason, the focus of this article is on the treatment of non-severe 

clinical cases of mastitis. 

Various antibiotic udder injectors for the treatment of clinical mastitis 

are available in Germany. Even if more animals are treated with a 

targeted therapy concept, there are still many questions to be 

answered in every dairy farm regarding the choice of local antibiotic 

therapy. 
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The aim of this article is to compare the intramammary antibiotic 

injectors available in Germany from an evidence-based, pragmatic, 

and economic point of view. To this end, the various factors that are 

important for decision-making were described. In particular, the total 

costs for a treatment with an antibiotic udder injector with market 

relevance in Germany were calculated. Differences in costs among 

clinical history, parities, days in milk, and recurrence were not 

analyzed. 

 

Criteria for selecting antibiotic intramammary tubes 
Efficacy of different antimicrobial substances 
The aim of treatment with an antibiotic is to eliminate the causative 

pathogen. This can be measured by the BC, which is defined as the 

absence of the mastitis-causing pathogen in samples taken after 

treatment. Other indicators for treatment success can be the clinical 

cure, the cytological cure, recurrent cases of mastitis, and the overall 

cure. Clinical cure is defined as the absence of clinical symptoms after 

treatment. The cytological cure is based on the somatic cell count (SCC) 

and is defined as a reduction in SCC in the samples after treatment 

below 200,000 cells/ml. Since antibiotics can influence the growth and 

survival of bacteria, it makes sense to use the BC rate. In practice, this 

can only be assessed with the aid of bacteriological diagnostics before 

and after treatment, which means an increase in effort. BC correlates 

to some degree with clinical cure, which is generally more visible and 

easier to detect than BC. For this reason, cure after therapy is often 

assessed based on clinical cure, which is only partly dependent on BC. 

There are currently no randomized clinical trials that show significant 

differences in efficacy, i.e., in the achievable bacteriological or clinical 

cure rates, between the individual udder injectors available in 

Germany (a literature search was conducted in PubMed and on the 

Web of Science platform (www.webofknowledge.com) for 

publications from 2015-2025 using the following terms: [[mastitis OR 

udder infection OR bovine mastitis] AND [treatment OR therapy OR 

RCT]. The search was conducted on July 20, 2025 (“cut-off date”)). 

Therefore, the decision for or against an antibiotic injector for the 

treatment of mastitis should be based on other criteria, such as the 

resistance profile, the number of doses, the frequency of application 

(once daily or twice daily), the active ingredient (critical yes/no; one or 

more active ingredients), withdrawal period, and treatment costs 

(Table 1). 

Critically important substances 
There are two classification systems that categorize antibiotics 

according to their active ingredients. The World Health Organization 

(WHO) classifies active substances according to their importance for 

human medicine based on two criteria. Criterion 1: They are one of 

the few available or even the only therapy for treating serious 

bacterial infections in humans and Criterion 2: They are used to treat 

infections that can be transmitted to humans from the environment or 

other non-human sources or can acquire resistance genes from these 

sources. Based on these criteria, the active substances are classified as 

important, highly important, and critically important [18]. 

According to the system published by EMA, antibiotics are divided into 

4 different categories (category A, B, C, and D). Category D (“Prudence”) 

agents are considered as the first choice. If there is no active substance 

in this category that is effective for the particular case, a category C 

(“Caution”) active substance can be used, for which there are usually 

alternatives in human medicine. The next category B (“Restrict”) in- 

cludes quinolones, third and fourth generation cephalosporins, and 

polymyxins. These active substances are also classified as critical 

active substances for human medicine. They should be used based on 

susceptibility testing. Preparations that are currently not approved for  

 

use in veterinary medicine in Europe are listed in 

Group A (“Avoid”) [19].   

According to a survey from 2022 by Preine et al., antimicrobial 

preparations with a combination of cefalexin/kanamycin and 

amoxicillin/ clavulanic acid/prednisolone were used most frequently 

for the local treatment of mastitis in Germany [20]. However, critical 

active substances, e.g., from the third and fourth generation 

cephalosporins and fluoroquinolone groups, are still used on German 

dairy farms [20,21]. But the results from Preine et al. also showed that 

57% of the farmers refuse the use of antibiotics in category B [20]. 

Since 2022, the Regulation (EU) 2019/6 applies to veterinary 

medicinal products in the European Union. Germany adopted a 

Veterinary Medicinal Products Act (TAMG) as an independent law, 

the implementation of which influences the therapy selection for 

dairy cattle by the parameter “treatment frequency” since 1. January 

2023. To calculate this, the number of animals treated for a type of 

application is multiplied by the number of treatment days for each 

antibiotic active substance used and divided by the average number of 

animals kept per half-year (TAMG, § 57 Determination of treatment 

frequency [22]). 

In addition to the number of animals treated and the number of 

treatment days, the selection of active substances or preparations is an 

important factor in the calculation. For critically important substances, 

such as cefquinome (4th generation cephalosporin), each treatment 

day is multiplied by a factor of three. 

Until March 2026, antimicrobial preparations with two or more active 

substances also massively increased the number of antibiotic doses 

used in a farm because the figures determined were added for all active 

substances (in each case). As a result, combination products with more 

than one active substance were increasingly unattractive from the 

user’s point of view. This provision was removed with the amendment 

to the TAMG in March 2026. Nevertheless, there are no studies that 

show significantly higher cure rates when using combination products. 

Resistance profile 
Antibiotic resistance is a global problem affecting humans and animals. 

The treatment of clinical bovine mastitis with antimicrobial agents is 

frequently induced without prior knowledge of causative agents [21] 

and preferred use of antimicrobials covering a broad spectrum of 

pathogens [20]. Systematic resistance monitoring is a prerequisite for 

early detection of changes in the antimicrobial susceptibility of 

pathogens. In most cases, retrospectively obtained data on the 

resistance situation of mastitis pathogens on dairy farms is used for 

decision-making. The SPCs (Summary of product characteristics) of the 

products recommend that the use of the products should be based 

on susceptibility testing of the bacteria isolated from the animal. If this 

is not possible, therapy should be based on local (regional and farm 

level) epidemiological information about susceptibility of the target 

bacteria, as well as by taking into account official national 

antimicrobial policies. For most mastitis pathogens that can be 

influenced by antibiotic therapy, the lowest resistance rates are to be 

expected with simple beta-lactam antibiotics [23]. 

Soft criteria 
In practice, decisions are not always made on the basis of evidence. 

They are often based on different personal experiences, preferences, 

or operational processes. A survey of German dairy farmers showed 

that a good experience with a product was the most important aspect 

for the 99 farmers surveyed when it came to the prescription of udder 

tubes by the veterinarian (90.8% stated “very important” and 

“important”). Furthermore, 40.8% of the farmers surveyed stated 

that they preferred a treatment frequency of 24 hours [20]. 

https://doi.org/10.48435/MSI.2026.1
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Table 1: A variety of criteria that can be taken into account when deciding for or against an antibiotic product for local mastitis therapy. 

Criteria Source/assumption/calculated 

critical active ingredient (yes/no) (according to EMA 2020, category B) Source: SPCs 1 

active ingredient Source: SPCs 

withdrawal period for meat and offal (d) Source: SPCs 

withdrawal period for milk (d) Source: SPCs 

frequency of application (if available: min. and max.) Source: SPCs 

time interval between the applications (12h, 24h or 48h) Source: SPCs 

discarded milk yield during withdrawal period (kg ECM2 per day) assumption: 30kg ECM milk per day (DIM3 were not considered) 

milk price (€/kg) assumption: 0,5€/kg (Rohstoffwert Milch, IFE Kiel, Price July 2025 0.50€/kg) 
https://www.lwk-rlp.de/markt-statistik/marktbericht/marktbericht/rohmilch-1 

treating personnel’s hourly wage (€/h) assumption: 20€/h 

treatment duration (d) calculated: min. frequency of application x time interval between the applications 
(in days) 

time interval in a sick pen (d) calculated: treatment duration (d) + withdrawal period for milk (d) 

workload for applications (h) calculated: min. frequency of applications x 0.17h [10] 

costs per injector (€) calculated: cost for one package / number of injectors per package (Anonymous, 
Lila Liste, 2023) 

costs for applications (€) calculated: hourly wage x workload for applications 

costs for discarded milk yield during withdrawal period (€) calculated: time interval in a sick pen (d) x discarded milk yield during withdrawal 
period (kg ECM per day) x milk price (€) 

costs per treatment session for medication (€) calculated: cost per injector x min. frequency of applications 

summarized costs for applications and discarded milk (€) calculated: costs for applications + costs for average discarded milk yield during 
withdrawal period 

costs due to antibiogram requirement (€) assumption: including sampling, packaging, shipping, analysis (bacteriology and 
antibiogram), reports 

total costs per case (€) calculated: costs for applications + costs for discarded average milk yield during 
withdrawal time + costs per treatment session for medication 

1 Summary of Product Characteristics, 2 energy-corrected milk, 3days in milk. 

 

Economics 
Mastitis is still one of the most cost-intensive diseases on dairy farms. 

These costs arise from a variety of factors and can be divided in direct 

costs, such as expenses for medication, diagnostics, and the 

veterinarian, costs for extra work, and indirect costs, due to waste 

milk, milk yield losses, and costs for replacement because of an 

increased culling rate. Even though the indirect costs are considerably 

higher [24,25,26], therapeutic costs are the costs that are most visible 

to farmers and are therefore often cited as the most important factor 

when it comes to making a treatment decision [27]. 

Therefore, we calculated the total direct cost of treating one case of 

CM for all antibiotic udder injectors with market relevance listed in 

the Lila Liste [28] for Germany. We assume that any costs incurred for 

clinical diagnosis by veterinarians will be the same and therefore do 

not need to be taken into account, and that treatments carried out 

by farmers will be supervised and guided by veterinarians in 

accordance with applicable law. 

For the following analysis and calculation of costs, various data were 

compiled or calculated, and assumptions were made for the typical 

udder injectors used in Germany (Table 1). Information for the 

individual injectors on the withdrawal time for meat and milk, the 

frequency of application, the time interval between applications, the 

active ingredient, and whether it contains a critical active substance  

was taken from the SPCs. 

Assumptions were made in the calculation to be able to present these 

comparatively. These relate to the average daily milk yield of the treated 

animals, the sales price per liter of milk, the assumed labor costs per 

hour, and an estimate of the time required for treatment. The latter 

was determined in an earlier study (10 minutes (0.17 h) per treatment, 

including the associated documentation) [29]. 

Economic calculation 
Costs of different injectors: To calculate the cost of a single injector, 
the price of a pack of medication was divided by the number of 
intramammary injectors per pack. The costs per treatment session for 
medication were calculated from the cost of a single injector 
multiplied by the frequency of applications [28]. 
The selection of injectors was based on the products with market 
relevance listed in the Lila Liste [28] an established pharmaceutical 
reference in Germany (prices retrieved on April 1, 2026). This 
reference reflects the products of practical market relevance rather 
than the complete set of all marketing authorisations. Accordingly, the 
analysis covers the udder injectors listed in this reference and does 
not claim to include every preparation authorised in Germany. 
Extra work: The costs for applications were calculated by multiplying 
the assumed treating personnel’s hourly wage and the calculated 
workload for applications. The workload for applications of udder tubes 
was calculated by multiplying the minimum number of applications 
and the assumed time required for each application (including 
documentation and sampling if necessary) of 0.17 h. A value of €20 per 
hour was assumed as the hourly wage for the treating personnel. 

https://doi.org/10.48435/MSI.2026.1
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Discarded milk: The time interval during which a diseased cow is in a 
sick pen, i.e. the time that includes treatment and withdrawal period, 
was calculated by the addition of the treatment duration in days and 
the respective withdrawal time for milk. It was assumed that about 
30 kg of ECM (energy-corrected milk) would be discarded per day 
during the withdrawal time as a result of the treatment. The milk from 
cows with CM is altered and therefore cannot be delivered. However, 
as most mild and moderate cases are clinically cured after 5 days, and 
this is within the withdrawal period, this fact does not need to be 
considered. The milk price was assumed to be 0.5 €/kg in line with the 
current situation. Multiplying the calculated time interval (d), the 
discarded milk yield (kg) during treatment and withdrawal period, and 
the milk price (€/kg), the costs for discarded milk yield per mastitis 
episode were calculated. At the moment, milk with antibiotic residues 
is disposed of in manure on most farms. This practice may change in the 
future to avoid contamination of the soil with antibiotic residues. In 
this case, the milk with residues would have to be disposed of for a 
fee (incineration). 
Frequency of application: The summarized costs for application and 
discarded milk are the amount of the costs for application and the 
costs for discarded milk yield during withdrawal time. 
To calculate the total cost, the costs for discarded milk were then added 
to the costs for applications and the costs per treatment session for 
medication. If the preparation contains a critical active ingredient and 
is therefore subject to the antibiogram requirement according to 
current legislation, the costs for the preparation of an antibiogram 
(including sampling, transport, and analysis) were added to the total 
costs.  
Results of the economic calculation 
In Germany, 14 udder injectors with antimicrobial agents for treatment 

of CM in dairy cows and with market relevance are listed in the Lila 

Liste (Table 2), out of which three contain a critical active ingredient 

(Cobactan® LC 75mg, Qivitan LC 75mg, Selecef 75mg, EMA category 

B). The withdrawal period for meat varies between 3 days (Ubropen®, 

Gelstamp®, and Albiotic intramammär®) and 10 days (Ubrolexin®). For 

milk, the withdrawal period varies between 3 days (Gelstamp® and 

Rilexine®200LC) and 6 days (Ubropen®, Veyxid® Pen-Proc 3 Mega, 

Procain-Penicillin-G Injektor aniMedica®, and ProPen 3000®). Among 

the products, more than half of them (n=9) require a minimum of 3 

doses, while three products require 2 doses, and only two products 

need to be given four times. Five products are given once daily (time 

interval of 24 hours between applications) and eight products twice 

daily, while one product is applied every 48 hours (Orbenin® LA). A 

product has a registration for prolonged therapy of S. aureus 

(Synulox® LC Plus). 

The time interval in a sick pen, which refers to the time during which a 

treated cow is excluded from milk production, varies between 4.5 days 

(Gelstamp®) and 10 days (Orbenin® LA). The workload for applications 

is highest for Mastiplan® LC and Rilexine® with 0.68h and lowest for 

Ubrolexin ®, Veyxid® Pen-Proc 3 Mega and ProPen 3000® with 0.34h. 

Among these products, Mastiplan® LC and Rilexine® are also the 

products with the highest costs for applications of 13.60€, while 

Ubrolexin®, Veyxid® Pen-Proc 3 Mega, and ProPen 3000® have the 

lowest costs for applications of 6.80€. 

The lowest costs for discarded milk yield during withdrawal time were 

determined for Gelstamp® with 67.50€ and for Synulox® LC Plus, 

Albiotic® intramammär and Rilexine® with 75.00€, which is mainly due 

to a short withdrawal time. Highest costs for discarded milk yield 

during withdrawal period were determined for Orbenin® LA with 

150.00€. In terms of injector prices, Veyxid® Pen-Proc 3 Mega and Pro 

Pen 3000® are the cheapest with 2.16€ and 2.27€ per injector, 

followed by Procaine-Penicillin-G Injektor aniMedica® with 2.68€ per 

injector, while Ubropen® is the most expensive with 7.27€ per 

injector. The cost per treatment session for medication is highest for 

Rilexine® with 23.20€ followed by Ubropen® with 21.81 and Synulox® 

LC Plus with 19.11€ and lowest for Veyxid® Pen-Proc 3 Mega and Pro 

Pen 3000® with 4.32€ and 4.54€. Although Rilexine®200 LC and 

Synulox® LC Plus are among the injectors with the highest cost per 

treatment session for medication, the total costs are relatively low with 

104.31€ for Synulox® LC Plus and 111.80€ for Rilexine®200LC due to 

the short time in a sick pen. Gelstamp® has the lowest total costs with 

96.00€ followed by Albiotic® intramammär with 102.39€. 

Discussion 
The treatment of mastitis in dairy cows is a critical aspect of herd health 

management, and the selection of appropriate antibiotic preparations 

is important to achieve effective results. 

Efficacy of different antimicrobial substances 
The primary goal of antibiotic treatment must always be to achieve the 

highest possible BC rate. This aspect should be decisive when deciding 

for or against an antibiotic injector. However, there are currently no 

studies that show relevant significant differences in efficacy, i.e. in the 

achievable BC rates, between the individual injectors. Recently, Leon 

et al. have not found significant differences on BC rate and clinical 

cure between cefquinome and amoxicillin and clavulanic acid [30].  

In general, antibiotic treatment for mastitis should follow current 

guidelines and the SPC. This includes, for example, initial selection 

based on microbiological findings or on-farm tests, regular resistance 

testing, ensuring hygienic administration, and monitoring treatment 

outcomes [31]. 

In addition, in many farms, the choice of preparation is instead made 

on the basis of undocumented experience of clinical cure after 

application [21]. This approach is not evidence-based and should be 

replaced by comprehensible approaches. For this reason, further 

studies comparing different therapeutics for mastitis treatment are 

required to ensure that there are no differences in efficacy. However, 

there are other aspects that are relevant in the decision-making 

process. 

Critical important substances 
The entry into force of the changes of the TAMG also influences 

farmers’ and veterinarians’ decisions. Avoiding critical active 

ingredients and extended treatments is particularly important in the 

decision-making process on dairy farms with relatively high treatment 

frequencies. Farms with a high number of treated animals with this 

type of application try to minimize the treatment days to avoid 

conflicts with the competent authority and accept higher costs for the 

treatment. Based on the available data and subject to the selection of 

controllable intramammary infections and any resistance problems, 

optimal mastitis tubes/injectables for mild and moderate mastitis are 

those that contain a non-critical active ingredient and have a short 

withdrawal time for milk. These products should be the first choice. 

Further optimization can be achieved by using on-farm tests 

beforehand that identify Gram-positive infections and determine 

penicillin sensitivity. 

Resistance profile 
The resistance profile of mastitis pathogens is a critical consideration 

in the selection of antibiotics. The data published in Germany on the 

resistance situation of mastitis pathogens does not show any particular 

resistance developments [32]. Nevertheless, epidemiological studies, 

continuous monitoring and reporting are essential to detect and 

respond to any emerging resistance patterns. Based on the available 

data, the differences between the various beta-lactam antibiotics are 

very small [23]. In individual cases, beta-lactamase-resistant 

antibiotics or an effectiveness against Klebsiella spp. may be indicated. 
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Table 2: Results for the udder injectors available in Germany on the investigated criteria that can be taken into account when deciding for or against an antibiotic product. 
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critical active ingredient (yes/no) no no no no no no no no no no no yes yes yes 

EMA categorization D C+C C C D D D D D+D C+C C B B B 

broad/small spectrum (B/S) S B B B S S S B B B B B B B 

WT Me2(d) 3 10 4 7 5 5 5 7 3 3 4 4 4 4 

WT Mi3(d) 6 5 5.5 3.5 6 6 6 4 3 3.5 3 5 5 5 

application min. 3 2 4 3 2 3 2 3 3 3 4 3 3 3 

application max. 5    3  3        

Treatment duration (d) 3 2 2 1.5 2 3 2 6 1.5 1.5 2 1.5 1.5 1.5 

time interval between the applications (h) 24 24 12 12 24 24 24 48 12 12 12 12 12 12 

discarded milk yield during withdrawal time (kg 
30 30 30 30 30 30 30 30 30 30 30 30 30 30 

milk price (€/kg) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

treating personnel's hourly wage (€) 20 20 20 20 20 20 20 20 20 20 20 20 20 20 

time interval in a sick pen (d) 9 7 7.5 5 8 9 8 10 4.5 5 5 6.5 6.5 6.5 

workload for applications (h) 0.51 0.34 0.68 0.51 0.34 0.51 0.34 0.51 0.51 0.51 0.68 0.51 0.51 0.51 

costs per injector (€) 7.27 6.73 4.30 6.37 2.16 2.68 2.27 5.83 6.10 5.73 5.80 5.56 6.23 3.29 

costs for applications (€) 10.20 6.80 13.60 10.20 6.80 10.20 6.80 10.20 10.20 10.20 13.60 10.20 10.20 10.20 

costs for discarded milk yield during withdrawal 
135.00 105.00 112.50 75.00 120.00 135.00 120.00 150.00 67.50 75.00 75.00 97.50 97.50 97.50 

costs per treatment session for medication (€) 21.81 13.46 17.20 19.11 4.32 8.04 4.54 17.49 18.30 17.19 23.20 16.68 18.69 9.87 

summarized costs for applications and 
145.20 111.80 126.10 85.20 126.80 145.20 126.80 160.20 77.70 85.20 88.60 107.70 107.70 107.70 

costs due to antibiogram requirement5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 25.00 25.00 25.00 

Total costs (€) 167 -218 125.26 143.30 104.31 131-152 153.24 131-152 177.69 96.00 102.39 111.80 149.38 151.39 142.57 
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Soft criteria 
However, the economy is often not the prevailing reason for the farmers’ 

and veterinarians’ decision for or against an injector. Farmers 

sometimes do not calculate the total costs for a treatment session, so 

their considerations for or against an injector may be distorted and 

influenced by other arguments, getting more weighting because the 

costs for the injectors seem to be quite similar. So soft criteria become 

more important. An administration only once a day promises less costs 

for injectors or less work for the application and better management. 

An increasing number of dairy farms are employing external workers, 

most of whom are only moderately trained and often have language 

difficulties. For this reason, many farms aim to have antibiotics 

administered only once a day by specialized personnel. Even on dairy 

farms with milking robots, limiting treatment to once a day can 

facilitate the treatment of mastitis. For this reason, some farms prefer 

to use antibiotic udder tubes which only need to be applied once a 

day. 

Economics 
If the decision for or against an antimicrobial injector is made on the 

basis of economy, preparations with a short withdrawal period in milk 

are always economically advantageous. While certain injectors may 

incur higher costs per treatment session for medication, their shorter 

withdrawal times and lower milk production losses can bring overall 

cost savings to dairy farms. Costs associated with milk discard are an 

important determinant of CM costs. In our analysis, they accounted for 

an average of about 80% of the total direct costs of treatment (costs for 

discarded milk yield during withdrawal period). 

Oliveira and Ruegg (2014) expected a 5-days-period of abnormal milk 

after a CM episode [33]. Abnormal milk may not be sold for human 

consumption, and milk from cows receiving antibiotics must be 

discarded for prescribed withdrawal periods. If this milk is fed to calves 

and thus possible costs are reduced by milk replacer, this area accounts 

for 5.7% of the total costs per clinical case of mastitis. 

However, if this milk is not used but discarded instead, the share of 

total costs increases to 22% [27]. Thus, increased monetary losses are 

associated with longer durations of treatment [3]. For example, 

expected monetary losses of CM were estimated to increase from 

approximately $65 to $187 per case as treatment days increased from 

2 to 8 d [3]. 

In principle, the veterinary practice in charge is of course responsible 

for selecting the preparation. However, farmers and milking staff are 

often involved in deciding which preparation to use [21]. That’s why 

the decision-making process should be carried out in cooperation 

between all people involved, including veterinarians, farmers, and 

milking staff. 

Limitations of the study 
This study has some limitations. Even though many criteria for the 

selection of an injector were included, one substantial criterion was 

not considered: the BC rate. The main object of treatment with an 

antibiotic is to eliminate the causative pathogen, expressed by the BC. 

The other criteria should only be supporting criteria. But because of 

the absence of studies that show any significant differences in cure 

rates between the individual injectors, other criteria are coming to the 

fore. A further limitation concerns the selection of products: the 

analysis was based on the udder injectors listed in the Lila Liste and 

therefore does not cover every preparation authorised for the 

treatment of CM in Germany. 

Conclusion 
The most important criteria when selecting an antibiotic udder 

injector for label use should be a high expected BC rate and the 

absence of resistance to the antimicrobial substance. As knowledge 

of the BC rate and the resistance situation can usually only be obtained 

after the therapy, decisions for or against an appropriate product are 

made on the basis of rather soft criteria. Decisions based on soft 

criteria, such as ease of administration (e.g., once-a-day treatments), 

can be more appealing to farms with external workers or those using 

milking robots. These criteria, while not directly related to efficacy, can 

heavily influence the choice of antibiotic injectors. As there is a lack of 

comparative studies on existing udder injectors, it is not possible to 

make a reliable comparative assessment of their efficacy, i.e. in the 

achievable BC. The overarching consequence for veterinarians is the 

need to balance multiple factors, including cost, convenience, 

regulatory compliance, and antibiotic resistance, in their treatment 

decisions. There is currently a lack of evidence-based support for products 

containing multiple antibiotic active ingredients, as well as for formulations 

that include critically important active substances. Therefore, the choice of a 

preparation should be guided by its practical applicability and cost-

effectiveness. The use of on-farm diagnostic test systems can support this 

decision-making process, as they allow for the identification of the pathogen 

group and the assessment of penicillin resistance. 
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