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Global concerns regarding bacterial antibiotic resistance demand prudent use of antibiotics in livestock production. Dairy production in the Nordic countries has a low consumption of antibiotics, while animal health, productivity and milk quality are at high levels. Here, we describe the basis of Nordic mastitis control and treatment strategies, as a model for production of high-quality milk with prudent use of antibiotics. We hope this will be beneficial for dairy producers and advisors in other countries and regions that consider limiting antibiotic use in cattle herds. In this perspectives paper we describe the dairy sector in the Nordic countries, and present regulatory aspects of antibiotic use, diagnostics and current guidelines for treatment of clinical mastitis as well as dry cow therapy. We also show summary statistics of udder health indicators in Denmark, Finland, Norway and Sweden, to illustrate the effects of the implemented udder health management practices.
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INTRODUCTION

Antibiotic resistance is a global concern because of its fast spread not only in human, but also in animal populations (1–3). A common feature for livestock production in the Nordic countries is the constant focus on prudent use of antibiotics. The overall consumption of antibiotics in animal populations in Denmark, Finland, Iceland, Norway and Sweden is the lowest among European countries, as measured by mg of active ingredients per kg of estimated biomass of animal populations (4). Reports on sales of veterinary antimicrobial agents in European countries are published regularly by the European Medicines Agency (EMA) and comparative sales figures can be found on these reports. Moreover, the tradition of prudent antibiotic use in production animals goes back several decades and has contributed to low levels of antibiotic resistance in bacteria isolated from this sector across the Nordic countries (5, 6). In general, antibiotic resistance is quite uncommon in dairy cattle in the region, compared to that in other species and regions.

Dairy production has long traditions in the region and stakeholders across the country borders collaborate actively on various issues. As an example, joint Nordic guidelines for treatment of mastitis in dairy cows were agreed upon in a consensus meeting initiated by the Nordic collaborative group of dairy processors and published in 2009 (7). Generally, initiation of antibiotic treatment for intramammary infections is expected to be based on microbiologic diagnosis and benzylpenicillin is the drug of choice in most cases. Prophylactic use of antibiotics is discouraged in all production animals in the region.

The aim of this paper is to describe the basis of Nordic mastitis control and treatment strategies, as a model for high-quality milk production with prudent use of antibiotics. The focus will be on data from Denmark, Finland, Norway and Sweden. We describe the dairy sector in the region, regulatory aspects of antibiotic use, diagnostics and current guidelines for treatment of clinical mastitis as well as for dry cow therapy. Further, we will present summary statistics regarding udder health indicators to demonstrate some outcomes of the existing control and treatment strategies.



STRUCTURE OF NORDIC DAIRY PRODUCTION

Dairy farming in the Nordic countries is characterized by small, family-run farms. National dairy herd improvement organizations collect data on milk production, milk components and milk somatic cell counts (SCC) and provide support also on nutrition and farm economics. The dairy herd milk recording schemes have a high coverage, which ranges from approximately 80 to over 90% of the cows within each country. Additionally, information on veterinary-diagnosed and -treated diseases is recorded and collected from all farms to a centralized national database in each Nordic country. Data collection and recording is at present largely electronic. In the Nordic countries, producers do not have access to veterinary drugs without a prescription from a veterinarian and thus most treatments are initiated by veterinarians who are also expected to record them. While the disease recording is not 100% complete (8, 9), the system has quite high accuracy and is unique on a global scale. Additionally, a coding scheme for the veterinary diagnoses has been jointly agreed upon and as a result, health and production are well-monitored in the Nordic region and at the national levels. The national dairy organizations are mostly farmer-owned co-operatives, and this contributes to a good climate for collaboration where farmers, veterinarians, researchers and legislators strive together for good milk quality and animal health. There is high trust and confidence among the different stakeholders, who work closely together when developing new recommendations and regulations on issues such as antibiotic use. The goal is to ensure that: (1) the recommendations and regulations are evidence-based and (2) they have high level of acceptability and implementation.

As can be seen in Table 1, the average herd size varies across the region with Danish herds being the largest and Norwegian the smallest. However, herd sizes are increasing and number of herds decreasing every year in all four countries, in keeping with the global trend. Automatic milking systems (AMS) have become common in all the Nordic countries since the introduction in 1989, and 30% of all milk produced in the region is estimated to come from cows milked in AMS herds (10). Small tie-stall barns are still common, but their numbers are constantly decreasing and new facilities in all four countries are free-stall barns, often with AMS. The average milk yield per cow in the region is highest in Denmark and lowest in Norway. This is partially explained by genetics, because Danish Holstein is the dominating breed in Denmark, while the combined milk- and meat-producing Norwegian Red dominates its homeland. In addition to focusing on productivity, breeding programs in the Nordic countries have also long focused on health, including resistance to mastitis (11).


Table 1. Descriptive statistics of milk production of dairy cows in four Nordic countries.
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REGULATIONS AND RECOMMENDATIONS ON ANTIBIOTIC USE

Legislation in the Nordic countries allows the purchase of antibiotics for use in animals only based on a prescription from a veterinarian. In addition, antibiotics should not be used for prophylactic purposes or as growth promoters. Administration of antibiotics may, however, be carried out by a farmer as instructed by a herd veterinarian, depending on the level of the advisory agreement between them. The sale of antibiotics is generally only through pharmacies or directly from veterinarians who are not allowed to make any profit from these sales. Veterinary use of critically important antibiotics is strongly discouraged across the region. Veterinary and farm records of antibiotic sales and usage can be randomly checked by the authorities for compliance. For example, Nordic countries do not allow routine prophylactic antibiotic use at dry-off and in some countries farmers can be fined, if found to be breaking the law. Similarly, veterinarians could lose their licenses, temporarily or permanently, if their antibiotic prescribing practices are repeatedly found in violation of the regulations, but this happens rarely.

Udder health experts in each country have developed guidelines on treatment of mastitis of dairy cows. These guidelines complement the legal regulations regarding dispensing of antibiotics and provide practical guidance regarding the use of antibiotics in mastitis therapy. They vary to some degree between the Nordic countries due to differences in legislation, availability of drugs, distribution of mastitis-causing pathogens and their susceptibility to antibiotics, national studies, tradition and policies.



DIAGNOSTICS OF BACTERIOLOGY AND ANTIBIOTIC RESISTANCE

Bacteriologic diagnosis is an important part of the Nordic guidelines for mastitis therapy (7). Knowledge regarding aetiologic agents, patterns of udder infections and antibiotic resistance in a herd is essential when choosing the best treatment and control measures. This approach is a part of the basic veterinary training in the Nordic countries and the same message of prudent antibiotic usage is also conveyed to dairy farmers. To obtain this information, milk samples should be taken before treatment decisions, and sent to a laboratory for microbiologic analysis. Culturing of milk samples at veterinary clinics using selective agar plates can also be of value to quickly confirm the drug of choice in acute cases of clinical mastitis. Bacteriologic follow-up after treatment might also be of interest in some cases.

A veterinarian or a farmer typically collects milk samples, which are transported to the laboratory via postal mail or in a milk truck of a dairy co-operative, as some dairy co-operatives have their own diagnostic mastitis laboratories. In acute clinical cases of mastitis, treatment is often given immediately and adjusted as needed when bacteriologic results become available. In most mastitis cases, whether clinical or subclinical, producers take milk samples for testing, partly hoping that use of antibiotics and consequently discarding of milk could be avoided based on the causal agent, or lack thereof. To date, bacteriologic culturing is the most common method in all countries except in Finland where most milk samples are analyzed using polymerase chain reaction (PCR) technology. Presence of beta-lactamase production in staphylococci is routinely investigated. Evaluation of resistance against other antibiotics or among other bacteria can be performed if needed.

Good knowledge on and monitoring national trends in occurrence of mastitis-causing pathogens and their antibiotic resistance is important when forming recommendations for treatment and control of mastitis. At present, no common Nordic scheme exists for such monitoring, but several studies on clinical or subclinical mastitis have been performed at national levels (12–19). Compiled annual laboratory data are also available (20, 21). Overall, the most common micro-organisms found in association with bovine mastitis in the Nordic countries are staphylococci and streptococci. Streptococci are mostly sensitive to penicillin, as are the majority of the staphylococci although this varies somewhat between staphylococcal species and countries. Contrary to many other countries (22, 23), Gram-negative bacteria, such as Escherichia coli, are of lesser importance.



TREATMENT GUIDELINES

According to the Nordic guidelines for mastitis therapy, decisions on antibiotic treatment should be based on evaluation of prognosis and bacteriologic diagnosis (7). Moreover, the use of antibiotics during lactation should primarily be considered for cases of acute clinical mastitis. Antibiotic treatment of subclinical mastitis should mainly be done at dry-off.


Clinical Mastitis

In clinical mastitis, benzylpenicillin is the drug of choice, unless the causative pathogen is a Gram-negative bacterium or known to be resistant to penicillin. In such cases, mostly supportive therapy is recommended. According to the guidelines, treatment length when using benzylpenicillin varies between 3 and 5 days depending on the pathogen, e.g., for Staphylococcus aureus and Streptococcus uberis IMI a 5-d treatment is recommended, but for non-aureus staphylococcal (NAS) IMI a shorter therapy is often considered adequate. Recommendations on the route of administration, however, are not given at the Nordic level. Various combinations of local and/or systemic treatments are applied in each country. In all cases, supportive measures (e.g., sick pen, optimal cow comfort) and supportive therapy (e.g., NSAID, fluid therapy) as well as biosecurity actions (e.g., segregation) should always be considered. In a survey, two-thirds of Swedish veterinarians reported using NSAIDs always or almost always when treating clinical mastitis (24).



Dry Cow Therapy

As mentioned above, the Nordic guidelines for mastitis therapy mention the possibility to treat subclinical mastitis with antibiotics at dry-off, but they provide no further details or advice on the practice. The use of dry cow therapy (DCT) has been an important part of most mastitis control programs, but its implementation differs among regions of the world. In many countries, blanket DCT, i.e., treating all quarters of all cows with antibiotics at dry-off, regardless of their infection status, has long been recommended and used (25–28). Currently, however, due to the growing concerns about antibiotic resistance, selective DCT is being studied and considered worldwide in herds with low levels of contagious mastitis problems (29–32). In the Nordic countries, the recommendation has always been to implement selective DCT, i.e., to treat only infected cows (33–36). Selection of cows that are candidates for DCT is mostly done based on SCC data from 1 to 3 milk recordings before drying-off, data from the AMS system, mastitis history and possibly California Mastitis Test (CMT) scores. In all Nordic countries, having a bacteriologic diagnosis is encouraged before antibiotic therapy at dry-off is initiated, or at least knowing the pathogen profile and susceptibility of mastitis-causing pathogens in the herd. For example, if a causal agent of a subclinical IMI was detected earlier during the lactation, but treatment was postponed until dry-off, a new sampling of the cow might not be performed prior to DCT. The focus is to mainly treat penicillin-susceptible intramammary infections using long-acting benzylpenicillin. Penicillin-resistant NAS infections may be treated with cloxacillin-containing products and with older, chronically infected cows, culling is often recommended in the short- to medium-term.




TRENDS IN UDDER HEALTH INDICATORS

Data on udder health indicators compiled by the collaborative group of Nordic dairy processors are presented in Figure 1 (modified from (37)). The figures show a decreasing trend both in the incidence of clinical mastitis and in SCC during the period from around early 1990-ies until today. Geometric means of bulk tank milk SCC are currently approximately 200,000 cells/ml in Denmark and Sweden and around 125,000 cells/mL in Finland and Norway. The incidence rates for treatment of clinical mastitis in 2018 were 0.19 and 0.10 per cow year in Denmark and Sweden, respectively. The trend is toward fewer treatments of clinical mastitis across the region during this time-period. As an example, the treatment frequency for clinical mastitis in Norway decreased by 4.2% from 2017 to 2018, while the reduction from 1994 to 2018 was 73% (20) (Figure 1). In other European countries with major dairy production, such as The Netherlands, bulk tank SCC is relatively similar to that in the Nordic countries; a mean value of 171,000 cells/mL. However, incidence of clinical mastitis (28.6 cases per 100 cows-year) and frequency of antibiotic treatments were higher than those in the Nordic countries (38).
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FIGURE 1. Geometric mean of bulk tank milk somatic cell count (SCC) (cells × 1,000/mL) from 1990 to 2018 (A) and incidence rate of clinical mastitis* (cases/cow year at risk) from 1993 to 2018 (B) in four Nordic countries. *All treatments are administered or initiated by a veterinarian.


Overall, the use of antibiotic DCT is low in the Nordic countries, with an estimated one-third or less of cows receiving such treatment at the end of lactation. According to a recent survey of DCT routines, 78% of Finnish producers report using selective DCT and 9% no DCT at all. The remaining proportion of herds reported treating all cows at dry-off and these herds were typically larger and more frequently had an automatic milking system compared to the other groups. In the majority (71%) of the selective DCT herds, less than one-fourth of the cows receive DCT at dry-off (39). In a similar study in Sweden, 96% of the farmers said they use selective DCT and most of those treat 25% or less of the cows (Persson Waller et al., unpublished). Information from Norway indicates that the treatment frequency for DCT there is even lower (O. Østerås, personal communication).



DISCUSSION

In a time when antibiotic resistance is recognized as a threat to animal and human health (3), food animal producers and veterinarians must continue to strive for prudent antibiotic use and sustainable production. This is an obvious One Health challenge and all stakeholders, industry in the front row, must actively participate. If consumers do not find animal-derived food sustainably and ethically produced, demand and markets for these products will likely shrink. In fact, market demands and consumer concerns e.g., on animal welfare and antibiotic resistance can be driving forces for changes in routines and procedures used in animal production (40, 41).

In the Nordic region, strong trust among farmers, consumers, educators, researchers and governmental agencies has enabled introduction and implementation of both strict legislation and recommendations on antibiotic use in animal production. This approach is widely embraced in the society and the recommendations rely on the willingness of all stakeholders to cooperate. This, as well as industry initiatives, have resulted in a marked decrease in antibiotic use across the Nordic countries during the past decades. Simultaneously, milk SCC levels and occurrence of clinical mastitis have decreased in most countries or remained stable. Production and health parameters have been recorded at cow level in the Nordic countries for decades, mainly for breeding reasons, but also to monitor health. These data have played a central role in establishing control and/or eradication programs for different diseases in the region, including mastitis. High quality milk production is also a result of this tradition.

It should be noted that dairy herd sizes in the Nordic countries are small when compared to other regions with major milk production. This has likely contributed to the current situation with low antibiotic usage and good animal health. It is also important to note that while veterinarians and producers in many other countries and regions are now adjusting to a new situation where antibiotic usage is becoming more regulated, the Nordic counterparts have always lived in that situation and consider it the norm. However, herd sizes are currently increasing everywhere, also in the Nordic countries. Optimal management and continued monitoring of animal health, milk quality and antibiotic consumption will be key elements in maintaining our favorable situation even as herds grow larger. Up-to-date knowledge of causal agents of intramammary infections, especially in free-stall and AMS farms will be crucially important in larger herds. This will assist in preventing and rapidly controlling potential spread of contagious pathogens, such as Streptococcus agalactiae. This pathogen had been eradicated decades ago from all Nordic countries, but it has recently re-emerged in some Nordic dairy herds, and interestingly, it is displaying also a potential feco-oral transmission routes (42).

We hope that the Nordic approach to dairy production might serve as an inspiration so that bacteriologic diagnosis of mastitic milk samples before initiation of antibiotic treatments, use of narrow-spectrum antibiotics and selective DCT can become the norm also in other regions. The Nordic experience provides evidence that prudent use of antibiotics is possible, without sacrificing animal health or milk quality. Continuous education of veterinarians and producers is pivotal to maintain the favorable situation in the region. In addition to veterinarians, farmers and legislators, it is also important that the pharmaceutical industry understands this strategy and ensures availability of suitable, narrow-spectrum antibiotics.

In conclusion, the Nordic experience shows that it is possible to maintain low incidence of clinical mastitis and acceptable SCC levels with prudent use of antibiotics and selective DCT based on bacteriologic diagnosis of intramammary infections in a region with high milk production.
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Dairy herds, number 2715 5783 7831 3253
Average herd size (milking cows) 213 48 28 9
Proportion (%) herds with automatic miking systems? 25 20 23 28
Average annual mik yield, kg ECM®/cow 11037 10534 8602 10417

%Data obtained from January 2020 statistics (SEGES (an agricultural knowledge & innovation center), Denmark, vww.seges.d.
bNumber of herdis and herd size in December 2019, yield data for herds in milk recording scheme during 2019.

SNumber of herds and herd size 2019 (Norwegian Agriculture Agency; www.lendbruksdirektoratet.no), yield date for herds in dairy herd recording system.
INumber of herds and herd size 2019 (Netional Board of Agriculure; wwwjordbruksverket.se), yield data for herds in milk recording scheme during 2019.
®ECM = energy-corrected milk, accounts for the variabilty in mik fat and protein contents.
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