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Biosecurity in dairy cattle herds plays an important role in preventing the introduction and 
spread of infectious diseases and improving the herd health status. The aim of this thesis was 
to investigate the implementation of external and internal biosecurity measures on the Finnish 
dairy cattle herds in Pielavesi, Keitele and Vesanto regions in North Savonia by using 
Biocheck.UGent™ scoring tool. Possible associations between farm biosecurity scores, herd 
size, and farm type were also analysed.  Moreover, the aim was to obtain practical experience 
in the implementation of the Biocheck.UGent™ questionnaire.  
Altogether, the implementation of biosecurity measures of 20 dairy cattle herds was assessed 
by using quantative biosecurity assessment tool, Biocheck.UGent™. The obtained data was 
analysed by using descriptive statistics and linear regression analysis.   
The total biosecurity (BS) score was on average 57.0 %, SD (standard deviation) = 4.7. The 
external BS score was on average 75.8 %, SD = 7.8. The internal BS score was on average 
37.4%, SD = 4.1. Larger farms (≥106 cows) had higher scores in their internal BS measures 
(p = 0.099). Freestall farms had somewhat higher total (p = 0.084), internal (p = 0.140) and 
external BS scores (p = 0.168) than tiestall farms. During interviewing, some complicating 
questions were identified.  
Participated farms scored higher than the worldwide average.The biosecurity tool has been 
implemented for example in Belgium, Kyrgyzstan, North Macedonia and Portugal and there 
is a wide variation of BS levels across the farms. Freestall farms had somewhat better 
biosecurity levels compared to the tiestall farms. The thesis outlines the questions in 
Biocheck.UGent™ questionnaire that were difficult for the Finnish dairy cattle farmers to 
answer. In future studies, it would be important to analyze the associations between the farm 
BS scores and herd health parameters to motivate farmers to implement more BS measures. 
Keywords: dairy cattle, biosecurity, Biocheck.UGent, biosecurity assessment 
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Bioturvalisusel on oluline roll nakkushaiguste karja toomise ennetamisel, seal leviku 
tõkestamisel ja karja tervise parendamisel. Käesoleva lõputöö eesmärgiks oli uurida välis- ja 
sisebioturvalisuse meetmete rakendamist Soomes, Põhja-Savo maakonnas asuvates Pielavesi, 
Keitele ja Vesanto piirkondade piimakarjades kasutades Biocheck.UGent™ 
hindamismeetodit. Samuti analüüsiti võimalikke seoseid farmi bioturvalisuse taseme, karja 
suuruse ja farmi tüübi vahel. Ka oli töö eesmärgiks saada praktiline kogemus 
Biocheck.UGent™ hindamismeetodi kasutamise osas.  
Lõputöö jaoks viidi läbi 20 piimakarja bioturvalisuse hindamine kasutades kvantitatiivset 
Biocheck.UGent™ hindamismeetodit. Andmeanalüüs teostati kirjeldavat statistikat ja 
lineaarseid regressioonimudeleid kasutades.  
Farmide keskmine üldine bioturvalisuse (BS) skoor oli 57,0 %, standardhälve (SD) = 4,7. 
Farmide välisbioturvalisuse keskmine skoor oli 75,8 %, SD = 7,8. Sisebioturvalisuse 
keskmine skoor oli 37,4 %, SD = 4,1. Suurematel farmidel (≥106 lehma) oli kõrgem 
sisebioturvalisuse skoor (p = 0,099). Vabapidamislautadel oli mõnevõrra kõrgem üldine (p = 
0,084), sise- (p = 0,140) ja välisbioturvalisuse skoor (p = 0,168) kui lõaspidamislautadel. 
Intervjuude käigus selgusid mõned küsimused, millele farmeritel oli keeruline vastata. 
Uuritud Soome piimakarjade BS tase oli üldiselt kõrgem võrreldes mujal riikides (Belgia, 
Kõrgõzstan, Põhja-Makedoonia ja Portugal) registreerituga, siiski on karjade BS tasemete 
osas suur varieeruvus. Vabapidamislautadel oli mõnevõrra parem bioturvalisuse tase kui 
lõaspidamislautadel. Lõputöös on välja toodud need Biocheck.UGent™ küsimused, millele 
Soome piimatootjatel oli raske vastata. 
Edasistes uuringutes oleks vajalik tuvastada seosed farmide bioturvalisuse taseme ja karja 
tervisealaste näitajate vahel motiveerimaks farmereid neid enam rakendama. 
Märksõnad: piimaveised, bioturvalisus, Biocheck.UGent, bioturvalisuse hindamine 
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INTRODUCTION 
 
As a result of the shift from curative towards preventive medicine, the overall health status in 

livestock sector has led to increased importance of biosecurity (Postma et al., 2015; Renault et 

al., 2018). Biosecurity comprises all measures preventing pathogens from entering (external 

biosecurity) and spreading within the herd (internal biosecurity) (Lin et al., 2003; Villarroel et 

al., 2007; Dewulf et al., 2018; Damiaans et al., 2019). Measures in the control of several 

infectious diseases are reduced by the implementation of biosecurity involving improved 

animal health and welfare, enhanced productivity, reduced antimicrobial use, the consequential 

selection for antimicrobial use, and improved production efficiency (Mellor and Stafford, 2004; 

Gunn et al., 2008; Brennan and Christley, 2013; Sarrazin et al., 2014; Damiaans et al., 2018; 

Postma and Dewulf, 2019). However, there are still shortcomings in the biosecurity 

implementations, which occurs as outbreaks of infectious diseases. This emphasizes the 

importance of disease prevention (Filippitzi et al., 2018).  

In the European Health Strategy (2007-2013) the importance of biosecurity has highlighted 

“Prevention is better than cure’’(European Commission 2007). To quantify on-farm 

biosecurity, a risk-based Biocheck.UGent™ biosecurity scoring system has been developed at 

Ghent University (Laanen et al., 2010; Gelaude et al., 2014). Even though the quantitative 

analysis of the biosecurity measures has previously been applied in the poultry and pig industry 

by utilizing Biocheck.UGent™ tool, it still needs to be executed on the cattle practice. Finland 

has a Centralized Health Care Register Naseva, managed by Animal Health ETT (Autio et al., 

2021) in which Biocheck.UGent™ biosecurity tool has been implemented. In Finland, cattle 

disease situation is currently favorable due to the national disease control measures and control 

programs. However, new pathogens might still be introduced into the country as occurred with 

Mycoplasma bovis in 2012 (Haapala et al., 2021). Recently, Finnish dairy cattle herds have 

encountered some changes. The average dairy cattle herd size has increased, and the number of 

dairy cattle farms has decreased during the last 10 years in Finland. Consequently, the 

prevalence of a rare diseases might increase in the future (Autio et al., 2021). Altogether, 

implementation of biosecurity measures results in improvements in production efficiency, 

animal welfare, immune responses to vaccines and job satisfaction of producers, herd health 

professionals and other agricultural workers (Villaamil et al., 2019). 

This study aimed to analyze the external and internal biosecurity measures at Finnish dairy 

cattle herds in North Savonia by using Biocheck.UGent™ tool and compare results with 
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countries that have implemented the tool. It also aimed to provide practical experience about 

the implementation of the questionnaire.
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1. LITERATURE REVIEW 
 
1.1. The definition and role of biosecurity 

 
The term Biosecurity comprises a set of management and physical measures designed to 

prevent pathogens from entering (external biosecurity) and spreading within the herd 

(internal biosecurity) (Lin et al., 2003; Villarroel et al., 2007; Renault et al., 2018; Dewulf 

and Immerseel, 2019). The aim of biosecurity is to reduce the infection pressure and thus 

burden less immune system of a certain animal resulting in a lower risk of disease 

outbreak and consequently better animal health and welfare ( Laanen et al., 2011; 2013; 

Siekkinen et al., 2012; Postma et al., 2015; Postma, et al., 2016a; Postma et al., 2016b; 

Dewulf et al., 2018). Disease outbreak also causes both direct and indirect economic 

losses due to reduced growth and production level, impaired fertility and increased 

susceptibility to other diseases (Enting et al., 1997; Houe, 1999; Daugschies and 

Najdrowski, 2005). Additionally, biosecurity plays an important role in controlling 

endemic and exotic diseases (Dewulf et al., 2018). It is generally acknowledged that 

enhanced compliance to biosecurity measures is the best way to minimize the risk of 

disease introduction (Boklund et al., 2004; Niemi et al., 2009).  

 

1.2. External biosecurity 
 
External biosecurity includes all the measures that prevent entering of the pathogen to a 

herd by focusing on the contact points of the farm with the outside world (Villarroel et 

al., 2007; Ribbens et al., 2008). It also includes the prevention of the spread of infectious 

agents from farms (bio-exclusion) (Dewulf et al., 2018). 

 

1.2.1. Purchase and reproduction  
 
The introduction of new animals or animal products through purchase is the most 

notifiable risk factor for introduction of disease pathogens in a herd in which no farm 

immunity exists (Valle et al., 1999; Boelaert et al., 2005; Cuttance and Cuttance, 2014; 

Dewulf et al., 2018). The risk of disease introduction can be reduced by purchasing cattle 

from farms with an equal or higher sanitary status and health management. Additionally, 

the individual disease status of the purchased cattle is preferable to be checked. Testing 

is recommended to be done at farm origin (Gorden and Plummer, 2010; Griffin et al., 
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2010; Sweiger and Nichols, 2010). Limiting the number of farms of origin where cattle 

are purchased and the number of purchases, can reduce the risk of disease introduction 

(Edwards, 2010; Mee et al., 2012 Dewulf et al., 2018). Furthermore, purchasing non-

pregnant animals decreases the risk of transmission of infection from an infected fetus 

such as occurs with BVD (Lindberg and Houe, 2005). New animals are recommended to 

always be quarantined upon arrival and completely separate from the rest of the farm 

buildings (Backhans et al., 2015). Separated quarantine area prevents disease 

transmission through direct contact but also through indirect contact (Dewulf et al., 2018). 

Suggested isolation period is variable depending on the disease. For diseases with a short 

incubation period the duration of isolation should be preferably 3-4 weeks (Edwards, 

2010). Introduction of pathogens into the herd can also occur via semen. For example, 

insemination with semen obtained from Mycoplasma bovis-positive bull is associated 

with higher risk for the Mycoplasma bovis introduction to the farm (Haapala et al., 2021).  

 

1.2.2. Transport, removal of manure and carcasses 
 
Alongside with the animal purchases, visitors and vehicles entering the farm may 

potentially spread pathogens. Therefore, the vehicles should always be empty, cleaned 

and disinfected before entering the premises. Preferably, the premises should be divided 

into clean and dirty sections. Clean road is preferable to use for the intra-farm movements, 

potential supply of animals and harmless products. Manure and cadavers should be 

transported via separated roads. It is advisable to handle carcasses properly by using 

gloves, and they should be stored in cooled closed place (Barrington et al., 2002; Callan 

and Garry, 2002; Wells et al., 2002; Villarroel et al., 2007; Maunsell and Donovan, 2008; 

Dewulf et al., 2018). 

 

1.2.3. Feed, water and equipment  
 
Pathogens might be introduced and spread in herds through feed, equipment and 

principally, through water. Biological vectors as well as mechanical vectors like rodents, 

birds, insects, and vehicles may contaminate feed and water. In case of feed 

contamination, it may occur at any time of manufacturing. Drinking water hygiene is a 

significant factor when considering the disease transmission between animals and 

transmission of zoonotic agents. For example, water throughs on the farms are a conduit 

for the spread of the main shiga-toxin producing strain, Escherichia Coli O157:H7 in 
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cattle which can be transmitted to people (Beauvais et al., 2018). Moreover, contaminated 

water is the most common and epidemiologically significant source of Cryptosporidium 

parvum which is able to survive outside the mammalian hosts for several months 

depending on the water temperature. Routine bacterial and chemical water analyses 

should be conducted preferably twice a year in order to avoid potential problems that may 

arise from waterborne hazards (Smart et al., 1987; Dewulf et al., 2018). Another 

concerning pathogen is Salmonella spp. Its increased prevalence on dairy cattle farms has 

created new challenges and created public health concern. Salmonella spp. can enter the 

farm through contaminated feed. Rodents and birds can contaminate feed with their feces 

also on the farm. Furthermore, the major source of on-farm infections are other cattle 

shedding the organisms in their feces (Wright, 2007; Dewulf et al., 2018).  

 

1.2.5. Visitors and farmworkers  
 
Cattle farms are visited by several people including veterinarians, artificial insemination 

technicians and hoof trimmers. Visitors might possibly act as mechanical vectors when 

being in contact with infected animals and later with the susceptible animals (Nöremark 

et al., 2013;Holschbach and Peek, 2018). In addition, visitors such as veterinarians, 

artificial insemination technicians and hoof trimmers possess a risk for introducing 

pathogens into the farm (Nöremark and Sternberg-Lewerin, 2014). The main measure is 

to keep the number of visitors as low as possible. Visitors should always wear clean herd- 

or flock specific clothing and footwear and maintain good personal hygiene (Dewulf et 

al., 2018).  In the study of Sahlström and colleagues (2014) conducted in pig, cattle and 

sheep farms in Finland showed that there were deficiencies in the use of protective 

clothing and boots. This might be explained by the good epizootic disease status in 

Finland, farmers’ lack of knowledge concerning different preventive measures or 

underestimation of the risks threatening their production (Sahlström et al., 2014).  

 

1.2.6. Vermin control  
 
Biological and mechanical vectors like rodents, birds and pets may transmit a number of 

pathogens either directly or indirectly (Amass and Baysinger, 2006). Rodents are 

commensals living close to both human and domesticated species for example on the 

farms, fresh produce lands and production facilities. They can carry and transmit multiple 

zoonotic pathogens such as Campylobacteria spp., Salmonella spp., Yersinia spp., 
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Pasteurella spp., Clostridia spp. and Leptospira spp. (Nöremark et al., 2010; Simon-Grifé 

et al., 2013; Laanen et al., 2014; Sahlström et al., 2014; Visschers et al., 2015; Postma et 

al., 2017; Jahan et al., 2021). Clear links between rodents and farm-level outbreaks of 

zoonotic pathogens have been recognized in Europe and Asia. Therefore, all farms should 

have an efficient vermin control program aiming to prevent the presence of the vermin 

habitants in the barn surroundings. Feed should also be stored in a place where there is no 

access for vermin to enter (Lapuz et al., 2008;Backhans and Fellström, 2012; Pinheiro et 

al., 2013; Jahan et al., 2021). 

 

1.2. Internal biosecurity  
 

Internal biosecurity or bio-management is consisting of all measures taken to prevent the 

spread of the disease within the herd (Dewulf et al., 2018). Measures are strongly 

connected to farm management and are more oriented towards controlling endemic 

infectious diseases (Dewulf et al., 2018). 

 
1.3.1. Health management  
 
The proper disease management, including correct handling and treatment of diseased 

animals, proper diagnostics, isolation, disease registration and improvements in the 

immunity status of susceptible animals ensure the good health among the animals 

(Villarroel, 2007; Dewulf et al., 2018). It is highly recommendable to have animal health 

register in order to obtain an overview of the health and treatment status of individual 

animals and groups of animals (Dewulf et al., 2018). Additionally, the contact between 

healthy cattle and the infected animals should be avoided, as the infected animals are 

major reservoirs of infection (Wells et al., 2002).  

 

1.3.2. Calving and calf management  
 
Since the calving and the transition period is known to be a critical period due to decreased 

immunity level of the cow and lack of acquired immunity of the calf, significant attention 

is recommended to be paid on the calving management to prevent the pathogen 

transmission through direct and indirect contacts between diseased and susceptible 

animals (Edwards, 2010; Pardon et al., 2012). Maternity pen should be implemented on 

the farms and there should be no contact with other cattle. Furthermore, maternity pen 
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should never be used to house sick animals (Klein-Jöbstl et al., 2014). Single maternity 

pens are preferred to group calving as they can be cleaned after every calving (Svensson 

et al., 2003). During calving, good hygiene including good hand hygiene, cleaning of the 

udder and vulva, and disinfection of the navel cord of newborn calf should be conducted 

(Gorden and Plummer, 2010). Newborn calves should be removed from the cow within 

one hour after birth as this reduces the risk for transmission of pathogens from cow to 

neonatal calf (Mee, 2008; Plummer, 2010; Meganck et al., 2015; Beaver et al., 2019; 

Damiaans et al., 2020). Ingestion of sufficient amount of maternal antibodies through 

colostrum within the first hours of life is crucial since calves are born without acquired 

immunity (Gorden and Plummer, 2010; Maunsell et al., 2011). Housing calves in the 

group pen has been associated with higher calf mortality risk (Waltner-Toews et al.,, 

1986). For this reason, housing calves individually during the first week of their life is 

recommended (Harp and Goff, 1998; Mohammed et al., 1999). Calves should obtain milk 

from their own individual buckets that are cleaned after every usage (Klein-Jöbstl et al., 

2014). They should not receive milk from cows that are under antimicrobial treatment or 

sick as this might lead to the selection of antimicrobial-resistant bacteria, the shift in the 

intestinal microbiome and possibly cause negative consequences on the global public 

health ( Meganck et al., 2015; Firth et al., 2021). 

 

1.3.3. Dairy Management  
 
Well-functioning milking equipment ensures the optimal milking management. During 

the milking good hygiene including for example proper hand hygiene, teat cleaning, fore 

milking and teat dipping should be maintained. Additionally, as the teat openings remain 

open for 30 to 60 min cows should be standing 30 min after milking (Virtala et al., 1999).  

1.3.4. Adult cattle management  
 
Cleanliness of the cow’s environment has impact on the individual cow hygiene. For 

example, on the level of the somatic cell count (SCC) and thus on the risk of development 

of subclinical mastitisis lower when the environment of the herd is kept clean. Frequent 

cleaning of the barn will improve the barn hygiene (Dewulf et al., 2018). Typical groups 

on dairy cattle farm contain a maternity pen for peri-parturient cows, a hospital pen for 

sick cows and cows awaiting withdrawal times and the general population of milking 

cows including fresh cows, peak lactation cows, mid lactation cows and late lactation 

cows (DeVries et al., 2012). It has also been shown that when cows are housed in small 
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groups their overall welfare is improved (Villarroel, 2007). Avoiding stressful conditions 

such as frequent re-grouping, feed ration changes and overstocking is essential in order 

to increase the disease resistance and reactivation of latent infections ( Winkler et al., 

2000; Chebel et al., 2016; Fustini et al., 2017). 

 

1.3.5. Working organization and equipment  
 
Different aged animals may have different degrees of susceptibility to certain pathogens 

and therefore it is important to keep these animals separated. For example, calves and 

young stock should preferably be housed in different stables from the adult cattle, or at 

least well separated (i.e., no physical contact and a distance of minimum three meters 

between the boxes) to avoid disease transmission through direct and indirect contacts, 

including aerosols and air transmission (Jensen and Proudfoot, 2017). Working order 

should be established starting from the youngest animals and lastly animals on the 

hospital pen and in quarantine. Moreover, between different production unit’s hygiene 

measures including hygiene locks, booth washers and disinfection baths are indicated in 

order to avoid the spread of pathogens (Maunsell et al., 2011). 

 

1.4. Assessment of dairy farm biosecurity  
 
 
Variety of questionnaire-based methods have been developed to describe and analyze 

external and internal biosecurity (Dewulf et al., 2018). For instance, Villaamil and 

colleagues (2019) characterized in their study the associations between biosecurity 

measures on dairy cattle farms in Spain along with the bovine viral diarrhea virus (BVDV) 

and bovine infectious rhinotracheitis (IBR) virus status. Data on biosecurity measures for 

124 dairy herds were collected using a questionnaire which contained four sections: (1) 

general farm information (e.g. location, herd size, vaccination programmes); (2)  animal 

movements (e.g. origin of the animals, frequency of introductions, quarantine facilities, 

presence of external rearing farms, participating in cattle fairs or competitions, pastures) 

and neighboring herds (i.e., other ruminant farms in a 1-km radius); (3) movements and 

types of vehicles and equipment (for live and dead animal transport, manure, slurry and 

feeding vehicles, machinery) and biosecurity-related measures (e.g., vehicles may enter 

inside the farm perimeter, vehicles may enter inside the farm perimeter with animals from 

other farms); and (4) visitors and staff (e.g., external workers; frequency of visits by 
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professionals such as veterinarians and technicians, or non-professionals such as 

neighboring farmers, who come in contact with the animals; use of protective clothing) 

(Villaamil et al., 2019).  

 

1.5. Biocheck.UGent™ tool  
 
Tools used for biosecurity assessment are mainly developed as checklists or manuals. 

Since they are qualitative methods, they only indicate whether a specific biosecurity 

measure is compiled or not or if it is present or not. The Biocheck.UGent™ scoring 

system is a risk-based scoring system that is credible, reproducible and it can be validated. 

It is used to quantify the on-farm biosecurity (Dewulf and Immerseel, 2019). The level of 

biosecurity of certain farm is prosecuted by interviewing the farmer regarding biosecurity 

practices and collecting data by visual inspection (Laanen et al., 2010; Gelaude et al., 

2014; Postma et al., 2016a).  

Questionnaire for dairy cattle contains 124 dichotomous or trichotomous questions in 

total (Postma et al., 2016a). It is divided into the two main categories: external and 

internal biosecurity. The category external biosecurity is divided further into five 

subcategories: “purchase and reproduction”, “transport and carcass removal”, “feed and 

water”, “visitors and employees” and “vermin control and other animals”. Internal 

biosecurity is divided into three to six subcategories: “health management”, “calving 

management” “calf management”, “dairy management”, “adult cattle management” and 

“working organization and equipment’’ (Damiaans et al., 2020; Tanquilut et al., 2020). 

To provide objective, comprehensive, and quantitative description of the level of the 

biosecurity, questions regarding biosecurity are transformed into a score (Damiaans et al., 

2020). In addition, since not every pathway of disease transmission has the same 

efficiency or frequency of occurrence, scores of each question are weighted meaning that 

the score is multiplied by the weight factor (Postma et al., 2016a). The final score for both 

internal and external biosecurity ranges from zero to 100. Zero indicates a total absence 

of the described biosecurity measures and 100 indicates a full application of the described 

measures (Laanen et al., 2013; Gelaude et al., 2014). To acquire the subcategory score, 

the proportional result of the subcategory is multiplied by the weight of the subcategory. 

The final score of the internal and external biosecurity is the sum of the variable 

subcategory scores. The experts decided that external biosecurity and internal biosecurity 

are equally important (Dewulf et al., 2018). To simplify the interpretation of the results, 
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category and subcategory scores are recalculated each time to a score of 100 and presented 

as a percentage in the reports (Damiaans et al., 2020). Furthermore, results and averages 

for both internal and external biosecurity obtained from the questionnaire are also 

presented graphically in a spider web.  It provides visual identification where 

improvements can be achieved and how farm specific results are related to the country’s 

average (Gelaude et al., 2014; Damiaans et al., 2020). 

 

1.5.1. Application of Biocheck.UGent™ tool  
 
Biosecurity score is useful when informing farmer on possible areas for improvements 

and when comparing the level of biosecurity with other farms (Gelaude et al., 2014). 

Furthermore, overall level of biosecurity in a certain region or country can be assessed if 

the results of several farms are combined (Ghent University, 2010; Postma et al., 2016a). 

It has been shown that farmers are better motivated to implement biosecurity measures if 

such measures can be expected to be beneficial for their farm performance (Laanen et al., 

2010; 2013; Backhans et al., 2015). Besides biosecurity assessment, implementation of 

the  Biocheck.UGent™ tool can also be utilized to find specific associations for instance 

between farm biosecurity level and productive performance (Da Costa et al., 2019).  

 

1.5.2. Implementation of biosecurity measures on dairy cattle farms 
 

For pigs and poultry, the risk-based biosecurity scoring system Biocheck.UGent™ has 

been implemented earlier in Belgium, France, Germany and Sweden (Da Costa et al., 

2019). The overall application of biosecurity on cattle farms of these countries have been 

found to be low (Laanen et al., 2013; Gelaude et al., 2014). Sahlström and colleagues 

(2014)  found out that large pig farms had better biosecurity level than smaller cattle farms 

(Sahlström et al., 2014). In the study of Damiaans and colleagues (2018) conducted in the 

Netherlands, where perceptions, motivators, and obstacles of implementing biosecurity 

measures in cattle production were assessed, the main areas of limitations were the level 

of knowledge and investments in labor, time, and capital. There is a need to provide 

accessible and practical information on biosecurity to entitle farmers to implement 

biosecurity measures on their farms (Damiaans et al., 2018). For the first time, in the 

study of Damiaans and colleagues (2018), Biocheck.UGent™ tool was implemented in 

the cattle production including veal calves, beef, and dairy cattle. Among the dairy cattle 

“animal purchase and reproduction” got the highest sub-score on the external biosecurity 
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measures. This was due to the fact that some farms did not purchase animals. Lowest 

scoring subcategory in external biosecurity measures was “feed and water”. Although the 

drinking water quality was checked, only few farms protected feed storages from vermin 

and pets. Additionally, in subcategory “vermin control and other animals” contact with 

other animals was possible in half of the farms. This might enhance the transmission of 

diseases through direct contact between the animals. Regarding to internal biosecurity, 

“health management” was the lowest scoring subcategory. Eventough hospital pens were 

available in half of the farms, sick animals were not physically separated in most of the 

farms. “Dairy management” was the highest scoring subcategory in the block of internal 

biosecurity on dairy farms including for example proper teat cleaning prior to milking 

and disinfecting after milking. However, only few farmers milked the cows with elevated 

levels of SCC or mastitis the last in order (Gunn et al., 2008; Brennan and Christley, 

2013; Sayers et al., 2014; Nöremark et al., 2016; Damiaans et al., 2018).  

 

1.6. Association between implementation of biosecurity measures and 

infectious diseases 
Associations between poorly implemented biosecurity and disease outbreaks have been 

described including for example bovine respiratory disease (BRD) outbreaks (Damiaans 

et al., 2020) and BVDV outbreaks (Klem et al., 2016). Prevention of introduction of the 

pathogens and estimation of the risks that are presented in the introduction of different 

sources of cattle are few focus points of the biosecurity. In the study of Wells (2000), a 

model that defines the relationship between biosecurity and infectious diseases on dairy 

cattle farms by using a risk assessment framework was presented. The study included 

infectious hazard identification and prioritization including for example BVDV, 

Staphylococcus aureus as a causative agent of clinical mastitis and Salmonella spp. 

infections. Moreover, the study highlighted multiple issues caused by these hazards 

including direct economic losses, current or potential market losses due to increased 

public or animal health risk and possible zoonotic properties of these pathogens. It also 

pointed out the importance of the evaluation of the exposure to pathogens by assessment 

of the transmission patterns. For example, in case of Johne’s disease the careful evaluation 

of purchased cattle through screening of the herd is a key preventative measure. It is 

crucial to evaluate the risks for various hazards with the best available information and 

use it to design and implement the appropriate risk assessment plan (Wells, 2000). Lack 
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of the biosecurity program is associated with the higher risk of infectious pathogens 

(Bianchi et al., 2017). 

In the study of Oliveira and colleagues (2017), the association between biosecurity 

practices and bovine digital dermatitis in Danish dairy cattle herds was analyzed. 

Information about the biosecurity measures implemented on the farm was obtained by the 

questionnaire. Poor external biosecurity measures such as recent animal purchase, lack of 

boots available for visitors, farm personnel working at other farms and animal transporters 

having access to cattle area were associated with higher prevalence of digital dermatitis 

(DD). Similarly, higher DD prevalence was associated with infrequent hoof bathing, 

manure scraping less than 8 times a day, manure-handling vehicle used in other activities 

and water troughs contaminated with manure indicating low internal biosecurity measures 

(Oliveira et al., 2017). Considering the external biosecurity measures, animal purchase 

less than 1 year ago related to the highest prevalence of DD. Among the internal 

biosecurity measures the highest prevalence of DD was in the herds which had manure 

on the water droughts either small or large amount (Oliveira et al., 2017). On another 

point of view, Renault and colleagues (2020) demonstrated in their study that farms with 

higher overall biosecurity score positively correlated with BVD free status. Therefore, 

showing the benefits of implementing biosecurity measures could  promote farmers to 

adopt them  (Renault et al., 2020).  
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2. AIMS OF THE STUDY  
 

The overall aim of the thesis was to quantify the biosecurity of Finnish dairy farms in 

Vesanto, Pielavesi and Keitele regions in North Savonia. Associations between farm 

biosecurity scores, herd size and farm type were analyzed. Also, the goal was to obtain 

practical experience of completing the Biocheck.UGent™ questionnaire and to reveal 

questions which entail confusion or difficulties in answering by Finnish dairy farmers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 



20  

3. MATERIALS AND METHODS 
 
 

3.1. Study design and area 
In total, there are 51 dairy cattle herds in the Pielavesi, Keitele and Vesanto regions in North 

Savonia. Altogether, 20 dairy cattle herds whose owners voluntarily agreed to participate the 

study, were included in this current cross-sectional study. Enrolment of the study participants 

was done via phone calls and during the farm visits when other veterinary services were 

practiced. For the practical reasons, only herds from Pielavesi, Keitele and Vesanto regions 

were included. 

 

3.2. Data collection 
 

The survey was conducted in all the 20 study herds between July 2021 and April 

2022.Implementation of BS measures in these herds was assessed using the biosecurity scoring 

tool Biocheck.UGent™. The questionnaire can be consulted and downloaded for free on the 

website: (https://biocheckgent.com/sites/default/files/2020-02/Dairy_EN.pdf ) Interviewer was 

trained to conduct the questionnaire via the internet-based course organized by Animal Health 

ETT. Moreover, Finnish translation of the Biocheck.UGent™. questionnaire provided by 

Centralized Health Care Register Naseva was utilized in the current study. Besides 

implementing the Biocheck.UGent™ questionnaire, data about herd size, barn type and milking 

system were collected during the farm visit. Questionnaire was printed out for the convenience 

for both the interviewer and interviewees removing the issues with unsure internet connection. 

Before filling up the questionnaire, a tour around the farm was completed. Farmer was always 

the interviewee. Time duration allocated to completion of the questionnaire was registered in 

each farm. In addition, notes were taken during the interview to mark down the questions which 

induced difficulties in answering by the respondent. The biosecurity status of the participating 

dairy cattle farms was collected by using the risk-based online tool Biocheck.UGent ™ tool 

which is introduced in the previous chapters.  

 

The points obtained from each Biocheck.UGent™ questionnaire questions were allocated 

within the subcategories with given weighting factor based on its´ estimated importance for the 

introduction and spread of infectious diseases as determined in the study of Laanen and 

colleagues (Laanen et al., 2010; 2013).Further, the weighted points of the questions were 

combined into scores between 0 and 100 for internal and external biosecurity. In that, 0 
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corresponded to “total absence of biosecurity” and 100 to “perfect biosecurity”. Eventually, the 

mean scores for external and internal biosecurity were calculated as a whole-herd score. The 

distribution of responses was examined by using descriptive statistics. In the descriptive 

analysis, external and internal BS scores and also the subcategory scores were provided (A-K) 

as seen in the Table 1. The obtained results are also presented graphically in a spider web graph 

(Figure 1). Different axes of the spider web graph represent the associated subcategories within 

external or internal biosecurity (Gelaude et al., 2014). 
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Table 1. Example of numerical output of Biocheck UGent™ tool obtained from 

(https://biocheckgent.com/en) 
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Figure 1. Example of graphical output (spider web graph) of Biocheck UGent™ tool obtained 

from (https://biocheckgent.com/en). The blue colour presents the score of the herd and the 

country’s average is presented in purple. 

 

3.3. Data Analysis  
Descriptive statistical data analysis was completed by using Microsoft Excel 16.60 (Microsoft 

Corp., Santa Rosa, CA). Means, standard deviations, medians, minimum and maximum values 

were obtained for each subcategory variable. Spearman correlation analysis was used to analyze 

the associations between external and internal biosecurity scores. In addition, qualitative 

variable was created for herd size dichotomizing the herd number of cows on the 20-farm 

median value (106 cows). Chi-square analysis was used to analyze the association between 

dichotomized herd size and farm type. Linear regression analyses were performed to determine 

the association between farm characteristics (herd size and farm type) and internal / external 

biosecurity scores. Herds were dichotomized based on their number of cows at the median 

value. Statistical significance level was set to p<0.050 to confirm the significant difference and 

p<0.200 indicated a possible association and trend.  Stata/MP 14.2 (StataCorp LP, College 

Station, Texas, USA) was utilized for statistical analysis.  
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3.4. Permits and approvals required for the thesis 
Farm data were used anonymously according to the oral permission of the owner. There is no 

conflict of interest. 
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4. RESULTS  
  
4.1. Herd characteristics 
  
Altogether, 20 volunteering herds locating in Pielavesi, Keitele and Vesanto region were 

included into the study (Figure 2). Six farms had tiestall cow barns, and 14 farms had freestall 

barns. One farm had organic farming system. Eight herds used manual milking system and 12 

herds milked their cows with automatic milking system. The mean herd size was 126.45 cows 

(SD = 76.10), range 38-296 cows. Distribution of herds according to their herd size is presented 

in Figure 3. All six tiestall farms were at a size below the median value (<106 cows), and out 

of 14 freestall farms 10 belonged to larger herd size category (≥106 cows). Therefore, herd size 

and farm type correlated (p = 0.003 in chi-square analysis). 

 

Figure 2. Geographical location of Pielavesi, Keitele and Vesanto region in Finland 
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Figure 3. Distribution of study farms based on their number of cows  

 

 

4.2. Biosecurity scores  
 
The response rate was 100 % for all of the questions in the questionnaire. Summary statistics 

of BS scores of all 20 study farms is given in Table 2. The overall mean BS score was 57.0 % 

(SD = 4.7), ranging between 42.0-63.0%. Figure 4 illustrates the distribution of herds according 

to their total biosecurity scores. Spider web graphs for each farm illustrating herd’s average and 

country’s average on purple are presented as supplementary material (Appendix 1).  
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Table 2. Biosecurity scores (Biocheck.UGent™) for the different categories of internal and 
external biosecurity measures and the overall biosecurity score of 20 Finnish dairy farms 
 

  mean(%) SD(%) 
median 
(%) min(%) max(%) 

External biosecurity score 75.8 7.85 78.0 49.0 85.0 
Purchase and reproduction 94.9 13.23 100.0 48.0 100.0 
Transport and carcass 
removal 48.8 12.50 50.5 24.0 79.0 
Feed and water 23.8  8.81 29.5 14.0 44.0 
Visitors and farm workers  90.3  5.01 91.0 82.0 99.0 
Vermin control and other 
animals 72.2  18.11 78.5 33.0 96.0 
      
Internal biosecurity score  37.4  4.06 36.0 30.0 46.0 
Health Management  29.2  3.17 28.0 28.0 40.0 
Calving Management 21.4  8.88 23.0 8.0 41.0 
Calf Management 48.6  12.58 50.0 11.0 72.0 
Dairy Management  51.7  12.53 53.0 19.0 67.0 
Adult Cattle Management 38.5  17.73 35.0 10.0 70.0 
Working organization and 
equipment 49.2  4.41 48.0 45.0 65.0 
      
Overall biosecurity score  57.0  4.70 57.5 42.0 63.0 

 

 

 

 

Figure 4. Distribution of farms according to their total biosecurity score  
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The overall mean external BS score was 75.8 % ranging between 49.0-85.0% (Table 2, Figure 

5). The highest external biosecurity scores were in the categories “Purchase and reproduction” 

(mean = 94.9, SD = 13.2) and “Visitors and farm workers” (mean = 90.3, SD = 5.01). The 

lowest score in the external biosecurity category was obtained in “Feed and water” category 

(mean = 23.8, SD = 8.81).  

 

 

Figure 5. Distribution of farms according to their external biosecurity scores  

 

The mean internal BS score was 37.4 % ranging between 30.0-46.0% (Table 2, Figure 6). In 

internal biosecurity category “Dairy management”  (mean = 51.7, SD = 17.73), “Working 

organization and equipment” (mean = 49.2, SD = 4.41) and “Calf management” (mean = 48.6, 

SD = 12.58) scored the highest. “Calving Management” (mean = 21.4, SD = 8.88) and “Health 

Management” (mean = 29.2, SD = 3.17) scored the lowest.  
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Figure 6. Distribution of farms according to their internal biosecurity score 

 

4.3. Association between the herd size and biosecurity scores  
 

Small and large farms were differentiated by using a median value of the farm number of cows 

(106 cows). Ten farms had less than 106 cows and ten farms had at least 106 cows. Results of 

univariable linear regression model analyzing the association between farm external biosecurity 

score and herd size is presented on Table 3. On average, the external biosecurity score was 1.9 

points higher in larger herds (≥106 cows) compared to small farms, but the association is not 

statistically significant (p = 0.602).  

 

 

 

Table 3. Results of univariable linear regression model analyzing association between the herd 

size and external biosecurity score 

Variable  Category (n) 

Mean external 
biosecurity 
score (%) Coefficient 

95% 
Confidence 
Interval  

p-
value 

Herd size (number of cows) <106 (10) 74.8 0   
 ≥106 (10) 76.7 1.9  -6.6; 9.4 0.602 
Intercept     74.8 69.5; 80.1   
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Internal biosecurity score was on average 3.0 points higher in large farms compared to small 

farms (p = 0.099) as seen on the Table 4.  

 

Table 4. Results of univariable linear regression model analyzing association between the herd 

size and internal biosecurity score  

Variable Category (n)  

Mean internal 
biosecurity 
score (%)  Coefficient  

95% Confidence 
Interval  

p-
value 

Herd size (number 
of cows) 
  
  

<106 (10) 35.9 0     

≥ 106 (10) 38.9 3.0 -0.6; 6.6 0.099 
Intercept   35.9 33.3; 38.5  
 
      

 

Total biosecurity score (Table 5) was on average 2.5 points higher on larger farms, but the 

difference was not statistically significant (p = 0.246). 

 

Table 5. Results of univariable linear regression analysis model analyzing association between 

the herd size and total biosecurity score 

Variable  
Category 
(n)  

Mean total 
biosecurity score 

(%) Coefficient  
95% Confidence 
interval  

p-
value 

Herd size (number 
of cows) 

<106 (10) 55.7 0   

≥ 106 (10) 58.2 2.5  -1.9; 6.9 0.246 

Intercept      55.7 52.6; 58.8   
 
 

4.4. Association between the farm type and biosecurity scores  
 
The average total biosecurity score on freestall farms was 58.1% (SD = 3.3). On tiestall farms, 

the total biosecurity score was on average 54.2 % (SD = 6.5) (Table 6).  
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Table 6. Biosecurity scores (mean, SD, range) of 20 Finnish freestall and tiestall farms 

Freestall farms mean (%)  SD (%) range (%)  
Total biosecurity score  58.1  3.3 52.0-63.0 
External biosecurity score  77.4  4.8 67.0-84.0 
Internal biosecurity score 38.3  4.1 30.0-46.0 
Tiestall farms       
Total biosecurity score  54.2  6.5 42.0-60.0 
External biosecurity score  72.0  12.3 49.0-85.0 
Internal biosecurity scores 35.3  3.3 31.0-41.0 

 

The total biosecurity score was about 4 points lower on tiestall farms than on freestall farms  

(p = 0.084) (Table 7). 

 

 

Table 7. Results of univariable linear regression model analyzing association between 

farm type and farm total biosecurity scores  

Variable  Category (n) 

Mean total 
biosecurity score 
(%) Coefficient  

95% 
Confidence 
interval  p-value 

Farm type  Freestall (14) 58.1  0   

 Tiestall (6) 54.2 -4.0  -8.5; 0.6 0.084 

Intercept     58.1 55.6; 60.6    
 
      

 

The external biosecurity on freestall farms was on average 77.4% (SD = 4.8) whereas on tiestall 

farms it was on average 72.0 % (SD = 12.3) (Table 6). The external biosecurity score was on 

average 5.4 points higher on freestall farms than on tiestall farms (p = 0.168) (Table 8).  

 

 

Table 8. Results of univariable linear regression model analysing association between farm 

type and farm external biosecurity scores 

Variable  Category (n) 

Mean external 
biosecurity 
score (%) Coefficient 

95% Confidence 
Interval  p-value 

Farm type  
Freestall 
(14)  77.4   0   

 Tiestall (6) 72.0  -5.4 -13.2; 2.5 0.168 
Intercept     77.4 73.1; 81.6   

 



32  

 

Internal biosecurity score on free stall farms was on average 38.3% (SD = 4.1). On tiestall 

farms, the internal biosecurity was on average 35.3% (SD = 3.3) (Table 6). On average, internal 

biosecurity score was 3.0 points lower in tiestall farms than on freestall farms (Table 9). 

 

 

Table 9. Results of univariable linear regression model analyzing association between farm 
type and farm internal biosecurity scores   

Variable  Category (n) 

Mean internal 
biosecurity 
score(%)  Coefficient 

95% 
Confidence 
Interval p-value 

Farm type Freestall (14) 38.3   0     

 Tiestall (6) 35.3 -3.0  -7.0; 1.1 0.140 

Intercept    38.3 36.1; 40.5    
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4.6. Correlation between farm external and internal biosecurity scores 
 
A very weak but non-significant positive correlation exists between the farm level 

external and internal biosecurity scores (Spearman correlation coefficient r = 0.16, p = 

0.496) (Figure 7). 

 

 

Figure 7. Scatterplot illustrating the correlation between farm internal and external 

biosecurity scores  

 

4.7. Correlation between external and internal biosecurity scores across farm 
types and herd size categories  
 
There is a weak positive correlation between the external and internal biosecurity scores on 

freestall farms meaning that farms that have higher external biosecurity score have higher 

internal biosecurity score (Spearman’s correlation coefficient r = 0.28, p = 0.330). However, on 

tiestall farms the correlation between external and internal biosecurity scores was weakly 

negative (r = -0.23, p = 0.658) (Figure 8).  
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Figure 8. Scatterplot presenting the association between farm external (y-axis) and 

internal biosecurity scores (x-axis) in freestall and tiestall farms. Red line shows the linear 

relationship between external and internal biosecurity scores. 

 

In smaller herds (<106 cows) the correlation between external and internal BS scores was 

non-existent (r = 0.04, p = 0.905). In larger herds (≥106 cows), the correlation between 

internal and external BS scores was weak positive (r = 0.22, p = 0.550) (Figure 9). 
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Figure 9. Scatterplot presenting the association between farm external (y-axis) and 

internal biosecurity scores (x-axis) in small (<106 cows) and large (≥106 cows) farms. 

Red line shows the linear relationship between external and internal biosecurity scores. 

 
4.8. Practical experience of implementing the questionnaire  
Each visit lasted approximately 1.5-2 hours. First, a tour around the farm was made with 

the farmer and then the questionnaire was filled up. During the farm tour, some remarks 

were made for instance regarding to overall hygiene, presence of vermin and storing of 

feed. Tour helped to answer to the questions more precisely.  

Calf grouping regarding to their age caused confusion for the farmers. Especially, they 

were confused about how old calves should be counted as heifers. Regarding to 

“Transport and carcass removal” category, the dichotomous question ‘’Is the carcass 

storage space protected from vermin, cats and dogs?’’ was problematic to answer. Some 

farmers admitted that they are usually covering carcass with a tarp if the rendering 

company is not collecting carcass on the same day. In addition, some farmers mentioned 

that even though carcass is covered with a tarp, vermin and pets might still have access 

to it. 

On the “Feed and water” category, the question “Are feeding utensils used only for feed 

(e.g there's no double use for manure)?” was problematic to answer since the answering 
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options were trichotomous (always/sometimes/never). Usually, tractors were only used 

for multiple purposes including feed distribution and manure manipulation. Few farmers 

washed the wheels of the tractors before moving from the dirty area towards clean area. 

Moreover, the question “Are the feed storage facilities (e.g. ensilaged feed, feed mixer, 

concentrates) protected from pets and vermin?” created difficulties in answering. 

Commonly, concentrates are protected both from pets and vermin but ensilaged feed is 

not. Feed mixer might be protected from pets and vermin but on some instances, birds 

might contaminate feed mixer with their feces. Question regarding the water hygiene was 

found to be challenging;	“Is the quality of the drinking water checked every year at the 

source or at the storage tank by means of a bacteriological analysis?”  If the farm used 

water supply, distributor was responsible for conducting the water analysis. Farms that 

have own well as the water supply, bacterial analysis of drinking water is not conducted 

annually. Water analysis was performed from the main outlets (i.e. where the cattle drink) 

only on two farms as these farms were participated in the research in which water quality 

from the main outlets was evaluated.  

 

‘’On the Visitors and farmworkers’’ category the question: Upon entering the farm, does 

the farm personnel: ‘’use farm-specific boots?’’, ‘’use farm-specific clothes’’, ‘’wash 

their hands/use gloves before entering?'' visitors usually used farm specific clothes, but 

temporary farm workers used either their own or clothes and boots provided by their 

employer. One farm did not let temporary farm workers use their own clothes or boots. 

Hoof trimmers in Pielavesi, Keitele and Vesanto regions never used farm specific clothes 

or boots. Usually, at least one of the vermin control programs (insect, rodent, bird) existed 

on the farm but their efficacy was questionable. Some farmers admitted having a problem 

with insects, birds, rodents or hares although preventative measures were implemented.  

 

On the “Health management” category, isolation of the animals was found to be either 

impossible or somewhat impossible. On larger farms, sick animals are usually on the 

hospital pen, but they are not physically isolated. Some freestall farms had separate 

building for dry cows. The question “Are the sick cattle physically isolated from the 

healthy cattle?” was sometimes difficult to answer. Depending on the number of the dry 

cows and season of the year, sick animals might be isolated, but this is not a constant 

practice.  
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There were multiple questions regarding to cleaning and disinfection, for instance “Are 

the materials used for colostrum administration (e.g. tubes, bottles, etc.) cleaned and 

disinfected after each use?” or “Are the cow's hindquarters (including the udder) always 

cleaned and disinfected before each calving?” Usually, either washing-up liquid and hot 

water or hot water alone were used for the cleaning up the materials. Hindquarters and 

udder were commonly cleaned with water if birth aid was given. One farm used for this 

purpose antibacterial soap.  
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5. DISCUSSION   
 
 

5.1. Biosecurity scores on study farms  
 
This is one of the first studies conducted in Finland in which biosecurity measures at Finnish 

dairy cattle herds was analyzed by using Biocheck.UGent™ tool.  The present study revealed 

a wide variation of implementation of biosecurity measures across the Finnish dairy cattle 

farms. Among the external biosecurity measures, “Purchase and reproduction” subcategory 

scored the highest. The high score was mainly obtained due to the fact that most of the farms 

did not purchase cattle. Only three freestall farms and one tiestall farm had purchased cattle 

within the past five years. All cattle were purchased from the same origin and tested for specific 

diseases before the purchase. One freestall farm kept purchased cattle on pasture separated from 

other animals and the quarantine lasted for 30 days. Two other farms did not keep purchased 

cattle in quarantine. One freestall farm transported heifers to another place and kept them in 

quarantine for 30 days after which they were merged with the herd. All farms bred their cattle 

with artificial insemination or embryo transplantation. Semen was also always tested for 

sexually transmitted diseases, and it was bought from an institution with a health status known 

to be higher or equal than the receiving farm.  

Visitors and farm workers scored second highest. Visitors were always obliged to notify farmer 

of their presence before entering the farm. There was a separated space available for changing 

boots and clothes and washing hands on 17 farms. Upon entering the farm farm personnel, 

veterinarian, artificial insemination technician, feed supplier and advisors always used farm-

specific boots, clothes and washed their hand or used gloves before entering the farm. Hoof 

trimmer visited 18 farms and never used farms-specific clothes or boots on the farm. On few 

farms, hoof trimming occurred outside of the stable and hoof trimmer did not enter the farm. 

Milk collector never used farm-specific clothes or boots. However, some farmers told that if 

there is an outbreak of infectious disease on the farm, disinfective shoe bath was placed on the 

entrance to the milk collection room. 

In the “Vermin control and other animals” category, insect control program was implemented 

on 13 farms, rodent control program on 19 farms, whereas bird control program only on five 

farms. Even tough bird control measures were implemented including nets on the windows and 

keeping doors closed, there were still birds and their nests on the production spaces on some 

farms. Additionally, few farmers mentioned that hares are destructing hay and silage bales 

outdoors leading to lower feed quality and hygiene. On some farms, jackdaws are found to be 
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a problem as they are contaminating farm premises with their feces. Cattle had access to the 

outside area on 15 farms. They had the possibility to come into contact with animals from other 

farms on two farms. Two farms had other commercially exploited cattle present on the farm 

and 3 farms had horses. Pets had access to the stable on 12 farms. On six of these farms, both 

cats and dogs had access to the stable whereas only cats had access to the stable on six farms. 

Eight farms did not let any pet animals inside the stable.  

In the group of external BS categories, the lowest scores were obtained in the “Feed and water” 

subcategory. Feed storages were not protected from pets and vermin at all on eight farms. On 

11 farms, storages were protected from pets but not from the vermin. Only one farm protected 

feed storages from the access of both vermin and pets. Feeding utensils including tractors were 

sometimes used for manure distribution on 18 farms. Two farms never used feeding utensils for 

manure distribution. Drinking water quality was checked in every three years if the farm used 

their own well. If they used water supply, supplier was responsible for assuring the water 

quality. Water quality was not checked from the main outlets.  

Regarding the internal biosecurity measures, the category “Dairy management” scored the 

highest but the overall score hardly exceeded 50 points. Teats of the cows were always cleaned 

before milking and teat cup liners were regularly changed on all farms. Two tiestall farms did 

not use any teat disinfectant after milking. None of the farms kept cows upright for a certain 

period after milking. Tails of cows were clipped at least once a year on all farms. Bacterial 

examination of the udder of all cows was performed on 16 farms.  

Second highest scores were obtained in the “Calf management” category. In total, 18 farms 

administered 2-4 liters colostrum to the calf within the first 6 hours of birth. Colostrum quality 

was checked on 8 farms. Frozen reserve of colostrum from healthy cows from the farmer’s own 

farm on all farms. Calves were housed in the individual calf boxes, and they were able to be in 

contact with each other on 19 farms. Only one organic dairy cattle farm housed two calves in 

one larger box. Feeding buckets and teats were reused between the calves during the same 

feeding session on 10 farms. Calves were fed with waste milk (i.e. milk that is not suitable for 

the milk tank) sometimes on 16 and always on two farms. Only two farms never fed their calves 

with waste milk. Waste milk included both high SCC and milk with antibiotic residues in the 

questionnaire. However, farmers stated that they rarely gave milk with antibiotic residues to 

calves. Calves were housed in groups of 2-15 calves after regrouping from individual hutches 

to group pens. Larger farms had larger group sizes than smaller farms. Group housing was 

empty only on one farm after each use.  
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“Calving management” scored the lowest among the internal biosecurity measures. Calving 

occurred in the calving pen on 14 farms. Farms that did not have a calving pen were mainly 

tiestall farms. Calving cattle were not fully separated from the other animals in none of the 

farms. Cow’s hindquarters including the udder were always cleaned and disinfected only on 

three farms and 16 farms only cleaned hindquarters and udder. One farm did not clean or 

disinfect them at all. Calves were separated immediately from their mothers on five farms and 

within an hour of the calf’s birth on four farms whereas on the remaining 11 farms, the 

separation from mother occurred 1-2 days after birth.  

“Health management” was one of the lowest scored internal biosecurity measures. Sick cattle 

were separated from the healthy cattle always on one farm, sometimes on eight farms, and never 

on 10 farms. There were no specific equipment or materials including buckets, thermometers, 

cleaning and feeding utensils or gastric tubes on none of the farms. Hospital pen was never fully 

separated from the other cattle. Register with the animal health data was kept and written 

protocols for vaccination, disease treatment and hygiene procedures were in all of the farms. 

Disease carriers that are animals that are carrying disease more than 3 weeks and might spread 

it to the other animals were eliminated from the herd sometimes on 19 farms. Delayed 

elimination was sometimes implemented on 18 farms. Disease carriers were segregated 

sometimes on nine farms. Furthermore, five farms did sometimes nothing for the disease 

carriers.  

On the “Adult cattle management” category, adult stable was cleaned at least once a year on 10 

farms. Few farmers admitted that stable should be cleaned more frequently but time and costs 

are the main limitations. Disinfection of the adult stable occurred at least once a year on 14 

farms. On ten farms hoof baths were not necessary as the hoof health status was excellent on 

these farms.  

Regarding “Working organization and management” category cattle were grouped by their age 

into calves on milk, weaned calves, heifers and lactating/dry cows on all farms. Full separation 

between the age groups was established only one farm but compartment specific boots or 

clothes were not changed between the age groups. Hands were usually washed, or gloves 

changed. Farm work was performed in specific order, from youngest to oldest, only on one 

farm. There was clearly recognizable, separate material foreseen for each age group on nine 

farms. None of the farms shared materials with other farms. On six farms separate material for 

each age group existed but they were not easily recognizable.  

  

 



41  

5.2. Biosecurity scores and farm types and herd size 
 
Farm type and herd size correlated and none of the tie stall farms belonged to the larger herd 

size category, thus the effect of herd size will be explained via the barn type determining the 

management system. 

On average total biosecurity scores are 4 points lower on tiestall farms than on in free stall 

farms. One of the explanation for this difference is that there is a separate space available for 

changing boots and clothes and washing hands or putting on gloves on all freestall farms 

whereas it is provided only on 3 tiestall farms. This could also be explained by the age of the 

farm, as freestall farms are more modern and have better facilities compared to tiestall farms. 

One explanation might be that, in Finland adult dairy cattle and heifers living on tiestall farms, 

must have access to outdoors 60 days of the year as set in Cattle Welfare Decree 592/2010 

(Finlex,2010).  

Internal biosecurity on free stall farms is on average 38%.  On tiestall farms, internal biosecurity 

is on average 31%. All of the tiestall farms are older than freestall farms. Couple of the tiestall 

farms are planning to expand their operations in the future and constructing a freestall farm.  

Only one (16.7%) tie-stall farm had calving pen whereas 11 (93.0%) free stall farms had calving 

pens. If abortion took place, cows had been tested sometimes only on 2 freestall farms (10.0%). 

Furthermore, disease carriers were possible to segregate if needed only on free stall farms. 

Calves were staying with their mother on some free stall farms for few days whereas calves 

were immediately when noticed separated from their mothers almost on all tie-stall barns 

(83.3%) indicating that this biosecurity measure scored higher on tiestall farm than on freestall 

farm in this specific question. Colostrum was tested on seven freestall farms (50 %) compared 

to one tiestall farm that tested it. Additionally, cows were divided at least into two groups - 

lactating and dry cows on free stall farms, whereas on tiestall farms cows were in one group. 

Calving occurred on the calving pen on almost all freestall farms (93.0%) compared to only on 

one tiestall farm (16.7%). Nevertheless, all farms that had calving pen were using calving pen 

to house the sick cattle or calving pen was located adjacent to the sick cattle.  

 

 
5.3. Comparison with the worldwide results  
 
On average, the overall biosecurity score in the current study was 57 % whereas worldwide 

score is 51 % (https://biocheckgent.com/) (Table 10). Furthermore, external biosecurity was 
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higher (75.8%) than that reported worldwide (67 %) (https://biocheckgent.com/).This is mainly 

due to the fact that Finnish dairy cattle farms rarely purchased cattle. In fact, the first question 

of the subcategory, whether animals are purchased or not, has a high influence on the total score 

of purchase and reproduction category, as the subsequent questions are dependent on it ( i.e. 

how often you purchase animals) (Damiaans et al., 2020).  

Regarding to external biosecurity, the lowest scored category in our study was “Feed and water” 

whereas the worldwide result is much higher. Feed storages were protected from both pets and 

vermin only in one farm. Water quality was not checked annually if farm used their own water 

supply. In the current study ‘visitors and farm workers’’ subcategory got higher scores than 

worldwide. Visitors had no free access to the stables in none of the study farms. Farm-specific 

clothing and boots were provided on all study farms and separate space for washing hands on 

17 farms. Renault and colleagues (2021) discovered in their study in which different studies 

about the implementation of biosecurity measures in Belgian cattle farms were analyzed that 

veterinarians mentioned the absence of clean facilities on farms as well as the farmers’ 

responsibility to provide protective clothing. However, farmers consider it as the veterinarian’s 

professional responsibility (Renault et al., 2021). 

Subcategory of “Vermin control and other animals” scored lower worldwide than in Finland. 

At least some vermin control programs were implemented on all current study farms. In 

addition, pets had access to the stables on 12 study farms. Damiaans and colleagues (2020) 

found out in their study that only few Belgian cattle farms had standard vermin control program 

and in almost all farms pets had access to the stables (Damiaans et al., 2020).  

“Transport and carcass removal” scored almost equally in the current study in Finland and 

worldwide. Transporters had access to the stables including pastures and barnyard on 5 study 

farms. In Belgium transporters had no access to the stables (Damiaans et al., 2020).   

Among the internal biosecurity measures “Dairy management” scored the highest both in 

Finland and worldwide. On all study farms teats were cleaned before the milking and 

disinfected afterwards on 18 farms likewise in Belgium (Damiaans et al., 2020). 

“Calving management” scored the lowest among internal biosecurity measures in our study 

farms but somewhat equally when comparing the worldwide result. Calving occurred on the 

calving pen on 70 % of the study farms because some the farms were tiestall farms. Only one 

tiestall farm had calving pen. All farms having calving pen used it to house the sick cattle or 

calving pen was located adjacent to the sick cattle. Small to moderate herd sizes in Finland 

might  explain why calving pens were usually located on the same area where other animals 
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were housed. For the same reason, none of farm had quarantine spaces where sick animal groups 

or imported animal groups could be physically isolated from healthy animals.  

 

Table 10. "Biocheck.UGent™ biosecurity scores registered worldwide, in Finland 

(https://biocheckgent.com) and in 20 Finnish dairy farms in Pielavesi, Keitele and Vesanto 

regions 

 

Mean (%) in 
the current 
study  

Finnish mean 
(%) 

Worldwide 
mean (%) 

External biosecurity score 76 67 67 
Purchase and reproduction 95 70 80 
Transport and carcass removal 49 48 45 
Feed and water 24 47 60 
Visitors and farm workers  90 82 71 
Vermin control and other animals 72 71 61 
Internal biosecurity score  39 39 35 
Health Management  29 31 29 
Calving Management 21 26 29 
Calf Management 49 52 41 
Dairy Management  52 53 46 
Adult Cattle Management 39 22 37 
Working organization and equipment  49 49 35 
Overall biosecurity score  57 53 51 

 

 

5.4. Biosecurity scores and herd size 
 
In larger farms (≥106 cows) the internal BS score was on average 3.0 points higher compared 

to smaller farms. However, in the current dataset this effect should be attributed to farm type as 

all six included small (<106 cows) farms were tiestall farms. Unfortunately, the limited sample 

size did not allow us to test the effect of herd size on the BS level taking into account the 

concurrent farm type effect. Still, in former studies it has been generally shown that biosecurity 

measures are implemented better in the larger herds than smaller herds (Sahlström et al., 2014). 

 

5.5. Implementation of the questionnaire  
 
So far, the practicalities about completing the Biocheck.UGent™ questionnaire in dairy cattle 

herds were lacking. Nevertheless, veterinarians and consultants would benefit from the 

information about the timely duration and confusing questions before planning to use it.  
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Approximately, it took 1.5-2 hours to make a tour around the farm and fill up the questionnaire. 

Time spent for the visit depended on the size of the farm, other veterinary practices performed 

on the farm and discussion with the farmers. Usually, there were some other veterinary practices 

to be conducted on the farm at the same time.  

During the data collection and filling up the questionnaire some difficult questions were 

encountered as presented in the Results.  For instance, some farms were covering carcasses with 

a tarp but they admitted that vermin might still have access to carcassess. Therefore, it was 

difficult to evaluate whether vermin or pets had truly access to carcass or not.  

The lack of suitable answering options was also one remark during the visits especially in the 

“Feed and water” category. If suitable answering options do not exist, this might falsify results. 

In addition, farmer might not be so motivated to answer in these questions.  

Questionnaire consists of multiple questions the about the cleaning and disinfecting materials 

and spaces. Some farmers asked what is counted as disinfection method. Disinfection method 

was specified only in the question: “How are the milking clusters between cows disinfected?” 

answering options being “with hot water (more than 75°C (167°F))”, “with steam” and “other”. 

Usually, farms are cleaning their materials with hot water and sometimes with soap. 

Disinfection of the spaces including calf boxes occurred by using dry disinfection powder.  

Some questions were only appliable to freestall farms such as presence of calving pen and 

grouping of adult animals although calving pen existed on one tiestall farm. Some tiestall farms 

are planning on to stop their operations in the near future. Thefore, farmers might not be very 

motivated to implement biosecurity measures anymore as they think that they do not benefit 

from them.  

 

5.6. Study limitations 
 
The present study had few limitations which should be considered when interpreting the results. 

Study group size (n=20) is very small and therefore results should be interpreted with caution. 

Moreover, study group represents the dairy cattle herds only in a certain region.  

 

5.7. Future research  
 
Some herd characteristics such as milk yield and its association to the implementation of the 

biosecurity measures were not analyzed in the present study. Furthermore, analysis about the 

association between the herd BS scores and herd health parameters such as morbidity, mortality 
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or milk somatic cell count were not included. It would be very interesting to see how 

implemented biosecurity measures are associated to the herd health parameters. This could also 

motivate farmers to implement the BS measures more vigorously on their farms. 
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6. CONCLUSION 
 
There is a wide variety of the implementation of biosecurity measures on the dairy cattle herds 

in Pielavesi, Keitele and Vesanto regions. On average, the biosecurity level was higher on larger 

farms and on freestall farms even though results were not statitiscally significant. Practical 

experience obtained by the implementing the questionnaire on 20 dairy cattle farms revealed 

that some questions were more difficult to answer because necessarily there are not suitable 

answering options or due to incomplete explanations. Some questions might not also be 

appliable to all farm types.  

All in all, biosecurity measures should be implemented better on the dairy cattle herds. As the 

practical experience in the impelementation of the scoring system is made more familiar for the 

veterinarians, it would most likely lower the threshold for the utilization of the tool.  
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Appendix 1.  Graphical output (spider web graph) representing each farm’s internal and 
external biosecurity scores in blue and country’s average scores in purple. The average 
score in Finland obtained from (https://biocheckgent.com/en) 
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