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Summary 

The economic costs of contagious agalactia (CA) to the small ruminant 
dairy industry are not well known but include losses due to mortality, 
lowered milk production, spoiled products, abortions and animal 
welfare problems, as well as diagnosis and treatment. This paper reports 
financial estimates made in Southern Europe, including a study on 
small- and large-scale farming systems in Italy, indicating that the 
financial losses are high and underestimated. Furthermore, the current 
control strategies, including chemotherapy and vaccination, in selected 
countries in Europe are described. In some countries, disease control is 
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hampered by excessively strict veterinary legislation which discourages 
farmers and private veterinarians from notifying outbreaks because it 
leads to prohibition of milk sales and can result in delays in lifting 
restrictions. Furthermore, new European Union legislation may 
downgrade the importance of CA, which will have implications for 
international research efforts. Finally, a series of recommendations are 
provided that cover the proper notification and handling of CA 
outbreaks, including movement control, current diagnostics, treatment, 
vaccination and disinfection. 
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Introduction 

Contagious agalactia (CA), a disease of dairy sheep and goats mainly 
caused by Mycoplasma agalactiae, has been present in Europe for over 
200 years (1). The disease is found wherever sheep and goats are kept, 
but is concentrated in countries surrounding the Mediterranean Sea and 
western Asia (2). It is difficult to estimate the full scale of the problem 
because few countries have carried out prevalence studies. Data 
compiled by the World Organisation for Animal Health (OIE) provide 
some indication, although not all countries report the number of 
outbreaks, probably because they do not have mycoplasma diagnostic 
laboratories, while others, including France, Turkey and Portugal, just 
declare that the disease is present (3). The countries that reported 
outbreak numbers over a four-year period ending in 2018 include Iran 
with 968 outbreaks, Mongolia with 380, Italy with 254, Spain with 85, 
Greece with 17 and Israel with 2. These figures probably represent an 
underestimate because of the difficulty in detecting infected flocks and 
herds, many of which may not show overt clinical signs, and the 
reluctance of farmers/veterinarians to report outbreaks (1). 

Although it can present as a mild disease in small ruminants, CA has 
proved difficult to eradicate because it may persist on farms, 
contaminating succeeding flocks (2). The main reservoir of the 



Rev. Sci. Tech. Off. Int. Epiz., 38 (3) 3 

  3/16 

causative agent is the infected animal, in which mycoplasmas can 
persist for over one year after clinical recovery. Lambs and kids become 
infected directly at suckling while adults are contaminated via milkers’ 
hands or milking machines. There is also evidence for transmission by 
aerosol over short distances and from infected bedding (2). 

Unusually for an OIE-listed disease, four agents, all mycoplasmas, are 
listed as causing a clinically indistinguishable syndrome although 
M. agalactiae accounts for more than 80% of the disease outbreaks (2). 
The other three pathogens, M. mycoides subsp. capri, M. capricolum 
subsp. capricolum and M. putrefaciens, are more sporadic and are 
mainly found in goats. 

The disease is first noticed when milk production falls, usually a few 
days after the introduction of healthy carriers or mixing with affected 
herds at pasture, markets or water sources (1). Milk becomes abnormal 
in appearance, mastitis develops and then production ceases in one or 
both halves of the udder, occasionally permanently. 
Keratoconjunctivitis and arthritis are chronic sequelae which are 
particularly severe in young animals and prevent them from keeping up 
with the rest of the group during transhumance and other animal 
movements. Laboratory tests are necessary to confirm a diagnosis 
because clinical signs are not specific. Mycoplasma isolation and/or 
polymerase chain reaction (PCR) tests are recommended for the 
detection of the pathogen and serological tests, in particular the 
enzyme-linked immunosorbent assay (ELISA), can facilitate rapid 
diagnosis from serum or milk (2). 

This paper reviews the economic impact of the disease and current 
control strategies in selected countries of Europe, and provides a series 
of recommendations for the control of CA. 

Economic impact 

The financial losses due to CA as a result of mortality, diagnosis and 
treatment, lowered milk production, spoiled products, abortions and 
animal welfare problems are not well known. Previously the impact of 
the disease was thought to be most severe on small-scale farmers using 
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traditional husbandry to make milk products (1). However, the disease 
may also have a major impact on larger commercial farms, though 
information is lacking. 

Greece 

In 1996, Legakis (4) made the first attempt to estimate the economic 
losses due to acute CA in Greece, using official data for the period 
1994–1997. The losses, made up of milk reduction, abortions, neonatal 
deaths and dead animals, were estimated at € 24.5 million per year. 
However, the author stated that these losses were most likely 
underestimated owing to the compulsory reporting of the disease in 
Greece, which leads to severe restrictions and results in farmers often 
not reporting affected herds. Furthermore, the impact of subacute or 
chronic disease, which causes physical weakness and clinical 
complications, is very hard to quantify. 

Spain 

In an effort to estimate the losses due to CA in Spain, Valergakis 
et al. (5) carried out a cost–benefit simulation of vaccination based on 
clinical experience and published data. They estimated average losses 
of approximately € 70, € 83, € 95, € 108 and € 120 per ewe producing 
150, 200, 250, 300 and 350 kg of milk per year, respectively. Milk 
losses accounted for 66.4% of the total costs associated with CA, 
followed by the cost linked to mortality/culling (31.3%) and disease 
treatment costs (2.3%). The costs of vaccination, based on two doses 
per ewe per year, were about the same as the losses due to CA. 
However, the efficacy of the commercially available vaccines is highly 
variable so improved vaccines would reduce costs further (6). 

Italy 

The losses due to CA were studied in two different farming systems in 
Sicily: a large commercial farm of mixed small ruminants and a smaller 
family farm. The first farm was located in the Enna district and 
comprised over 1,000 sheep and goats. Milk production dropped 
suddenly from 650 litres per day to approximately 100 litres per day in 
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October 2015 and 10–15 animals developed clinical signs of CA on a 
daily basis. The course of the infection stopped in January 2016, 
following two vaccinations with an inactivated CA vaccine and because 
the animals entered the dry period. The disease had entered the farm 
through the introduction of a group of 120 apparently healthy Etna goats 
in March 2015. These goats were newly lactating animals without any 
unusual signs until July 2015 when the new parturition season began; 
at that time, 18 goats delivered weak kids and there was an unexpected 
drop in milk production. The goats had not been screened for CA before 
introduction to the farm. After this, clinical signs began to develop in 
the herd and by September CA had spread to 30% of the 1,000 
susceptible ewes. 

Following notification of the disease, the costs incurred included: the 
slaughter of 200 sick sheep and all 240 goats; vaccination of the 
remaining animals; and purchasing of replacement animals and milk 
from other farmers to maintain the dairy business. Although the disease 
appears to have been controlled on this farm the cost of the disease to 
the farmer was estimated at over € 100,000 (Table I). 

Table I 

Economic losses caused by contagious agalactia on a large 
commercial farm of over 1,000 small ruminants 

Item Number Cost (euros) 

Sheep lost 200 26,000 

Goats lost 240 50,000 

Lambs and kids affected 400 20,000 

Cost of extra milk 400 litres 25,000 

Vaccine 30 vials 2,550 

Total  approx. 123,550 

The second, smaller, farm, located in the Palermo district, consisted of 
200 sheep and goats. The outbreak was confirmed on May 2016 when 
milk production dropped by 27% from 150 to 110 litres per day. 
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Twenty ewes were reported to be showing clear signs of CA. The 
clinical course of the infection stopped in June 2016 when all animals, 
after a single dose of inactivated CA vaccine, became dry. Surprisingly 
there were no other losses, probably because the disease developed on 
the farm around the time of the dry period (from May to June 2016); 
consequently, the pathogen did not have the opportunity to infect all the 
ewes during the period of lactation. To reduce the spread of the disease, 
the 20 sick sheep and 15 sick goats were culled. The purchase of 
replacement lactating animals and the use of vaccination to control the 
disease caused losses of several thousand euros to the farmer (Table II). 

Table II 

Economic losses caused by contagious agalactia on a small family 
farm of 200 small ruminants 

Item Number Cost (euros) 

Sheep lost 20 2,600 

Goats lost 15 1,950 

Lambs and kids affected 1–2 scant 

Losses of milk 40 litres 1,680 

Vaccine 9 vials 370 

Total  approx. 6,600 

As demonstrated on these Sicilian small ruminant farms, the economic 
costs of CA outbreaks that are incurred by individual farmers are 
substantial, comprising the loss of animals and dairy production as well 
as the additional expenditure on disease control and restocking. Both 
farms will continue to vaccinate for three to four years in order to reduce 
the pathogen burden and clinical disease in the flocks and, ultimately, 
to protect the new stock of lactating ewes that are highly susceptible to 
the infection. Extrapolated over the whole of Sicily, with almost 8,700 
farms, among which the authors estimate that 6% are affected (which is 
probably an underestimate because many animals are chronically 
infected and therefore difficult to identify), this represents a major 
burden on the local economy. 
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Good practice 

Chemotherapy 

The main impediment to successful control of CA is the lack of 
awareness and international agreement on the way forward. France 
favours culling of affected flocks whereas Italy, Spain and Greece use 
a mixture of antimicrobials and vaccination (7). Despite a reported 
small increase in the minimum inhibitory concentrations of some 
antibiotics, in particular tylosin, over the last decade (8), in vitro data 
show that most antibiotics still appear to be effective against 
M. agalactiae (9, 10). This is in sharp contrast to the closely related 
pathogen of cattle, Mycoplasma bovis, against which, because of their 
widespread use in this industrial sector, virtually all classes of 
antimicrobial agents are poorly effective (11). However, the actual 
experience of antibiotic usage on small ruminant farms is much less 
satisfactory, and their use, while bringing about a quick clinical 
improvement, leaves long-term shedders that contaminate the 
environment and pose risks to susceptible animals, as well as increasing 
the risk of antimicrobial resistance. 

Vaccination 

Vaccination also leaves a lot to be desired. The majority of the vaccines 
used today are formalin-inactivated whole cell vaccines, containing 
M. agalactiae and, sometimes, one or more of the other causative 
mycoplasmas, with limited or no published efficacy. One inactivated 
vaccine could not protect sheep from natural challenge despite annual 
vaccinations over the previous three years (12). Furthermore, in a small 
trial, no potency was evident after vaccination using a commercial 
vaccine followed by contact challenge (6). Interestingly, a live 
attenuated vaccine, successfully used in Turkey for many decades, was 
safe and protective (6). While larger trials on commercial products are 
necessary, consideration should be given to using live vaccines (which 
are currently not allowed in Europe) in endemically affected areas. 
Another advantage is that this live vaccine does not provoke an 
antibody response as detected by ELISA, so vaccine antibody could be 
distinguished from natural infection (6). The development of DNA 
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vaccines and recombinant vaccines has been reported but they have not 
yet been tried in the field (13). Sadly, based on developments in other 
areas of animal disease, there is little evidence that these innovative 
products will greatly improve the health of small ruminants affected 
with CA (7). 

National control plans 

In Europe, there are few targeted official programmes for the control of 
CA in operation today. However, the disease is not notifiable in 
Portugal, which is affected but has no plans for control. The current 
plans of a selection of European countries are outlined below. 

Italy 

Despite the endemicity confirmed by the massive sales of vaccines and 
antibiotics directed at mycoplasma infections, mostly CA, the number 
of outbreaks reported officially in southern Italy is remarkably low. 
Only a handful of outbreaks have been reported between 2012 and the 
present day. Consequently, the present numbers of reported outbreaks 
represent a large underestimate. The disease itself is not a zoonosis and 
is relatively easy to control because it is only spread by direct contact 
or via contamination by the hands of milkers or associated dairy 
equipment. In addition, it is not believed that the environment plays a 
large role in the epidemiology of the disease, particularly as the 
pathogen is sensitive to commonly used disinfectants. Similarly, 
vectors, particularly blood-sucking parasites, are not thought to be 
involved in transmission of CA, though this route of transmission has 
not yet been fully investigated. 

Simple improvements in biosafety on farms are of course necessary but 
this requires, initially, an education programme for farmers. As 
discussed above, antibiotics are mostly effective and annual vaccination 
with approved vaccines can hold the disease in check. Unfortunately, 
the inability to control CA in some parts of Italy is largely the result of 
unnecessarily strict local veterinary legislation which discourages 
farmers and veterinarians from reporting outbreaks. The prohibition of 
selling milk and delays in lifting restrictions can have a serious impact 
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on the income of small farmers (7). These restrictions, like the 
declaration of infected areas, which can cover a 3 km area in Italy and 
often involve adjoining farms that will suffer the same restrictions, are 
more appropriate to more serious diseases such as sheep pox and foot 
and mouth disease. The result of these restrictions is to discourage the 
notification of outbreaks, as can be seen in the under-reporting in 
official statistics. 

More recently, the introduction of European Union (EU) regulation 
2016/429, which provides a new regulatory framework covering 
control and surveillance of infectious diseases, animal welfare, 
certifications and animal movements amongst Member States, 
complements local legislation but also reduces the amount of 
intervention possible (14). Worryingly, there are proposals that some 
traditionally notifiable diseases, including CA and enterotoxaemia of 
sheep and goats, will be removed from the new EU disease listing 
process, with control being devolved, presumably, to the national or 
even local level. This apparent downgrading of the importance of CA 
may negatively affect international collaboration on control across 
borders and make this disease a less likely area for research funding. 

United Kingdom 

In the United Kingdom (UK), like many other disease-free countries, 
CA is a notifiable disease and is covered by two pieces of legislation: 
the Specific Diseases (Notification and Slaughter) Order 1992 and the 
Specific Diseases (Notification) Order 1996 which describe procedures 
to be taken, including movement restriction, slaughter and disinfection, 
in the event of an outbreak. These laws were put into action following 
the notification of the first detection of M. agalactiae in the UK in a 
small group of goats at a farm in mid Wales in 2014, which resulted in 
culling of the infected and contact animals (15). 

Spain 

A recent attempt was made to set guidelines for the future control of 
CA in Spain by the Ministry of Agriculture, Fisheries and Food, who 
have developed the first national voluntary programme for its control 
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and eradication in sheep and goats (16). The programme, which 
includes detailed biosecurity, quarantine and parasite control measures, 
classifies existing farms into four types. The first includes CA-free 
farms which have obtained negative results in the last two annual 
screening rounds, where vaccination is not performed and where all 
animals introduced after the first testing have come from herds 
officially free from or negative for CA. Here, all animals older than four 
years will be tested annually by serum ELISA and PCR on ear swabs 
or nasal swabs. The second type comprises farms that are officially free 
of disease but where vaccination is still carried out. Ear or nasal swabs 
from male animals on these farms will be screened by PCR once a year. 
Additionally, on milk production farms, five milk tank samples will be 
tested by PCR twice, at two-month intervals, with the first one being 
taken after 15 days from the beginning of lactation. On meat farms, in 
addition to the samples from males, 14 samples will be taken from 
lambs or kids for testing by ELISA and PCR. The third group of farms 
comprises those that have obtained negative results on testing during 
their first year of participation in the programme and will subsequently 
become subject to regular screening. Finally, the fourth group contains 
those with no participation in the official surveillance programme. 
Although in the short term there are no immediate benefits to farms 
joining the voluntary programme, owing to the additional costs of 
testing, in the longer term, when it is likely to become compulsory, 
farms will be certified as CA-free with the benefits of additional income 
from this new status. 

Control of CA requires that the biosafety measures taken on the farm 
are flexible and appropriate to the type of production and the species 
concerned; they must also take into account local circumstances and, 
importantly, must be shared with the competent authorities. Moreover, 
in the light of a policy of prevention of communicable diseases, the EU 
encourages the development of local guidelines for good practice and/or 
special rules for diseases, such as CA, which are considered ‘less 
dangerous’ but still have a large local economic impact. It is therefore 
the duty of responsible bodies to provide veterinarians and field 
operators with guidelines or good practices that, on the one hand, 
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respect the existing regulations and, on the other hand, take into account 
the level of risk and the epidemiological factors of the area involved. 

France 

Numerous outbreaks of CA in France in the 1990s justified the 
introduction of a preventative health programme, begun in 1998, which 
relied on herd certification, mandatory reporting and quarantine. This 
was effective in reducing outbreaks to almost zero between 2003 and 
2006, but in 2007 a resurgence of the disease was observed with 190 
new outbreaks notified in 2007–2009 (17). New outbreaks were also 
seen in Corsica in 2010 (7). Consequently, more effective measures, 
including vaccination, were introduced to improve control (18). To 
date, CA caused by M. agalactiae has largely been eradicated from all 
but the south-western region of France, where it stubbornly persists. 

Greece 

In Greece, legislation was introduced in 2006 to reduce the incidence 
of CA (19). Farmers voluntarily submitted requests to be included in an 
official scheme to show that their holdings were free from CA, which 
would be enabled by free laboratory testing. Owners whose flocks and 
herds are affected by CA are compensated for the value of slaughtered 
animals, the loss of milk production and associated costs of the 
precautionary farm quarantine period. In 2010, because the incidence 
of CA in goats was found to be higher than that in sheep, the control 
plan was modified to eradicate CA in livestock units with goats only 
and in mixed livestock units with more goats than sheep. Despite these 
efforts to control CA there is anecdotal evidence that cases have 
increased over the last decade (unpublished results). There are also 
concerns that commercial vaccines are not as effective in goats as they 
are in sheep, but this needs further investigation. 

Recommendations 

It is recommended that whenever an outbreak is confirmed the 
competent authority and farmer must be informed and this properly 
recorded. Susceptible animals should be identified, and animals should 
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be prevented from leaving and entering the infected farm/holding or, if 
the area is difficult to define, all land within 1 km surrounding the 
affected farm. The culling of infected animals should be encouraged to 
occur at a slaughterhouse that follows normal biosecurity arrangements 
or has been quarantined. Milk from affected animals should be 
prohibited from purchase or heat treated on the premises if destined for 
food animals. Milk from unaffected animals should only be used if 
permission is granted by the competent authority. All forms of transport 
used for the animals, shelters, resting areas, milking areas, milk storage 
areas, tools and utensils, with particular reference to those destined to 
come into contact with milk, should be disinfected following standard 
procedures and using authorised products. 

Infected and suspect animals on the affected farm should be isolated 
immediately in a quarantine area to prevent contact with other animals. 
Treatment with the most appropriate antibiotic should be carried out 
under the instructions of a veterinarian. In addition, vaccination of the 
entire flock, including affected animals, with a licensed inactivated 
vaccine should be mandatory, with two doses given at a 15-day interval 
followed by another two doses six months apart, repeated for at least 
two to three years. As the pathogen and antibody may persist in 
subclinically affected or healthy carriers for over one year, even in 
vaccinated animals, the control measures should be maintained until the 
mycoplasma is completely cleared from bulk milk or, preferably, 
individual milk samples. This can be confirmed by negative results in 
two repeated PCR tests under the supervision of the veterinarian. 
Stricter controls should be put in place for animals exported to CA-free 
countries. 

Conclusions 

Estimating the economic impact of CA is complex, probably because it 
is connected with traditional husbandry typical of Mediterranean areas; 
invariably, however, CA has a strong impact on the local economy 
because of its high morbidity rate, which is why it is often known as 
‘the shepherd’s nightmare’ (7). Moreover, owing to the indirect effect 
on the quality of milk produced, it is likely that the impact of CA is 
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underestimated, especially in dairy livestock. In this paper the economic 
costs of CA were estimated on two different farm types: a small family 
farm and a large commercial holding. Extrapolated across southern 
Italy, where most of these farms are located, these figures represent 
significant losses to this poorer sector where there is little or no farmer 
compensation. Some recommendations have been made to improve the 
control of this disease, although its impact could be reduced by the EU’s 
proposals to downgrade the disease control to national or even local 
importance. However, such a development could affect cross-border 
control and make this a less attractive area for research funding. Many 
measures are still necessary to improve control of this disease. They 
include: the development of a safe vaccine which provides greater and 
longer-lasting protection; reliable screening tests, such as pen-side tests 
which can assess the infection status of a herd quickly; and, finally, a 
greater awareness among national and international authorities of the 
true social and economic impact of this disease. 
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