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Abstract
The health of dairy cows is an important 

factor affecting the profitability of dairy farms 
worldwide, and lameness is regarded as one 
of the most costly dairy cattle diseases. The 
aim of this study was to estimate the economic 
cost of cow lameness among Kosovo dairy 
farms. Data collected from 56 dairy farms 
were analysed with a farm-level stochastic 
(Monte Carlo) simulation model to estimate 
the cost of lameness. Lameness-associated 
sources of economic loss examined within the 
model included: reduced milk production, 
treatment cost, discarded milk, reduced cow 
body weight, and premature culling. Results 
showed that prevalence of lameness among 
cows on Kosovo dairy farms ranged from 17% 
to 39%. The average annual cost of lameness 

was estimated at €338.57 per farm (or €46.25 
per cow). Reduced milk production was the 
largest financial contribution to the cost of 
lameness (45% of total economic loss) followed 
by premature culling (31% of total economic 
loss). Discarded milk, reduced cow body 
weight, and cost of treatment each contributed 
approximately 8% to the total economic loss. 
These findings indicate that dairy farmers 
need to be more cognizant of the financial 
losses associated with lameness and should 
be encouraged to implement management 
strategies to reduce lameness as a means of 
enhancing farm profitability. 
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Introduction
The dairy sector remains one of the 

most promising sectors for economic 
development in Kosovo. The long-
standing tradition of animal production, 
the climate, and the constant demand 

for food have made livestock farming 
a vitally important contributor to the 
rural economy. After the war in Kosovo 
in 1999, development of the dairy sector 
was encouraged; however, progress 
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has been less than desired. Dairy farms 
face numerous problems, such as small 
farm structure, fragmented farmland 
holdings, and low production efficiency 
(Bajrami, 2016), as well as limited 
technical knowledge of modern dairy 
farm management practices, including 
health management. 

Lameness is the most important 
health problem in dairy cows in 
Kosovo, as elsewhere. Lameness can be 
defined as the clinical manifestation of 
painful disorders, mainly related to the 
locomotor system, resulting in impaired 
movement or deviation from normal gait 
or posture (Nuffel et al., 2015). Factors 
causing clinical lameness in dairy cattle 
are numerous and may include housing 
type, amount of free walking space, 
feeding regimen, genetic composition, 
herd size, social hierarchy of cows within 
a herd, overcrowding, climate, and hoof 
care practices (Mitev et al., 2012). The 
prevalence of lameness in dairy cattle 
was reported as 7% in Denmark (Alban, 
1995), 21% in Canada (Solano et al., 2015), 
31.6% in UK (Griffiths et al., 2018) and 
2% to 54% in Hungary (Clarkson et al., 
1996). Lameness is one of the most costly 
diseases in dairy animals; after infertility 
and mastitis, it has the most serious 
adverse economic impacts on dairy farms 
(Logue, 1997). 

The economic losses resulting from 
lameness are related to decreased milk 
production, reduced cow body weight, 
premature culling from the herd, 
decreased reproductive performance, 
treatment costs (including the cost 
of milk discarded due to antibiotic 
therapy), and death (Warnick et al., 2001). 
Lameness affects the welfare of dairy 
herds by limiting productivity (Sadiq et 
al., 2017), and losses of milk production 
in lame cows can vary between 5% and 
30% depending on clinical manifestation 
of the disease (Simbirtsev and Terehov, 
1982). Unfortunately, higher yielding 
cows are more likely to develop lameness 

and suffer a greater reduction in milk 
production (Green et al., 2002). Clinical 
lameness frequently results in premature 
culling of animals from the herd, and it is 
the third most common reason for early 
culling, after mastitis and reproductive 
disorders (Esslemont and Kossaibati, 
1997). In addition to direct economic 
losses, lameness also causes indirect 
economic losses due to factors such as 
increased labour costs. Both direct and 
indirect losses negatively impact farm 
income (Mitev et al., 2012)

The aim of this study was to estimate 
the cost of lameness among dairy farms 
in Kosovo. Given that the dairy sector 
is an important economic and social 
contributor in Kosovo, quantifying the 
magnitude of financial losses associated 
with lameness is important to provide 
fact-based incentive for change. This is 
the first study of its kind to be conducted 
in Kosovo, and the results are expected to 
be of direct relevance to other dairy cattle 
producing regions of the world.

Materials and Methods
Data collection

The Republic of Kosovo is situated in 
Southeast Europe. Based on differences 
in topography, the country is divided 
into two large regional geographic units 
(Figure 1): Rrafshi Kosovo (northern and 
eastern part) and the Dukagjini plain 
(western and southern part). 

Visits to 56 commercial dairy farms 
with over 10 cows/farm were conducted 
from January 2017 to December 2017. 
Data collected included milk production, 
milk sales price, prevalence of lameness, 
productivity decrease associated with 
lameness, treatment costs, economic 
losses from the reduction of cow body 
weight, and economic losses from 
premature culling. The duration of 
clinical lameness, health condition of 
cows after treatment, and discarded milk 
period were also recorded. Data were 
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collected with cooperation of the farm 
veterinarians.

Simulation model
A stochastic (Monte Carlo) simulation 

model was developed (using Vose 
Software) to estimate the total cost of 
lameness in the studied herds. The five 
input parameters for the simulation 
model were the costs of reduced milk 
production, treatment, discarded milk, 
reduced cow body weight, and premature 
culling.

Cost of reduced milk production (CPRm): 
When assessing the quantity of milk loss 
due to lameness, different calculation 
approaches can be used (Ózsvári, 2017). 
Milk loss was estimated by comparing 
lame cows before and after treatment 
to cows in the herd that did not exhibit 
clinical lameness (Warnick et al., 2001; 
Hernandez et al., 2002). 

In this study, the cost of reduced 
milk production (CPRM) was calculated 
per lactation on a within cow basis of 

lame cows in the herd according to the 
total loss in earnings (the difference of 
milk production before (Pbi) and after 
lameness (Pai), multiplied by the price of 
milk (Pmi) as shown in equation 1. 

𝐶𝑃𝑅𝑀 = (𝑃𝑏𝑖 − 𝑃𝑎𝑖) 𝑥 𝑃𝑚𝑖 (1)

Treatment cost (TC): The cost of 
lameness treatment included the fee for 
professional veterinary services and the 
cost of drugs used during treatment. 
Treatment cost depended on the type, 
duration, and severity of lameness. 
Treatment cost (TC) was the sum of the 
cost of veterinary service (CVS) and the 
cost of drugs (CRx) shown in equation 2.

𝑇𝐶 = 𝐶𝑉𝑆 + 𝐶𝑅𝑥  (2)

Cost of discarded milk (CDm): If lame 
cows are treated with antibiotics, their 
milk must be discarded in accordance with 
the labelled milk discard period. Moru et 
al. (2018) estimated the cost of discarded 
milk by multiplying the discarded milk 
per cow (Dmi) by the price of milk (Pmi) as 
shown in equation 3a.

 (3a)

We modified this equation to account 
for differences in the approved milk 
discard period (CPRX) among different 
antibiotics. Our calculation of the cost 
of discarded milk (CDM) is shown in 
equation 3b. 

𝐶𝐷𝑀 = 𝐷𝑚𝑖 𝑥 𝑃𝑚𝑖 𝑥 𝐶𝑃𝑅𝑋 (3b)

Cost of reduced cow body weight (CRbw): 
Farmers were asked how much body 
weight (kg) their cows lost during the 
period of lameness, and that weight loss 
(WLi) was multiplied by the price of meat 
in the market received by farmers at the 
abattoir (Pmi) as shown in equation 4.

𝐶𝑅𝑏𝑤 = 𝑊𝐿𝑖 𝑥 𝑃𝑚𝑖 (4)

Figure 1. Study area included dairy farms in 
the Dukagjini region (maroon) and Rrafshi and 
Kosovës region (pale yellow). Photo credit: 
Wikipedia
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Cost of premature culling (CPC): 
The cost of premature culling was 
calculated (Ózsvári, 2017) as the margin 
of the slaughter value of the cow culled 
because of lameness (SVc) and the cost 
of replacement heifers (Crh) as shown in 
equation 5.

𝐶𝑃𝐶 = 𝐶𝑟ℎ − 𝑆𝑉𝑐	 (5)

Herd cost of lameness (HCL): Because 
all contributing cost variables were 
estimated at the herd level, the total herd 
cost of lameness was estimated as the 
sum of the cost variables (Moru et al., 
2018) as shown in equation 6.

𝐻𝐶𝐿 = 𝐶𝑅𝑃𝑀 + 𝑇𝐶 + 𝐶𝐷𝑀 + 𝐶𝑅𝑏𝑤 + 𝐶𝑃𝐶 (6)

Cow cost of lameness (CCL): To estimate 
the per cow cost associated with lameness, 
the herd cost of lameness (HCL) of each 
farm was divided by the number of cases 
of lameness (Lcases) observed on that farm 
as shown in equation 7. 

 (7)

Sensitivity analysis
A sensitivity analysis (Saltelli et al., 

2008) was conducted on the input param-
eters that influenced the cost of lameness. 
This analysis was performed to assess the 
magnitude of impact of each of these pa-
rameters on the overall cost of lameness.

Data analysis
For all cases of lameness on the 

study farms, parameters (reduced milk 
production, treatment cost, discarded 
milk, reduced cow body weight, 
premature culling) were analysed using 
one-way ANOVA. The aim was to 
assess whether lameness had a negative 
effect on farm income by decreasing 
the parameters, and the F statistic was 
calculated (Johnson & Bhattacharyya, 
2010) as shown in equation 8.

 (8)

The correlation between lameness 
and farm income was also investigated. 
During farm visits, we monitored the 
health condition of cows exhibiting 
clinical signs of lameness during and after 
medical treatment. We tested the impact 
of veterinary drugs on the improvement 
of lameness after treatment by using the 
t-test. We tested two hypotheses:

H0:  The difference between the mean 
of the two cases is equal to zero 
(μdiff = 0) and lameness treatment 
was not successful.

H1:  The difference between the mean 
of the two cases is different from 
zero (μdiff ≠ 0) and lameness 
treatment was successful. 

The equation used for this case 
(Johnson and Bhattacharyya, 2010) is 
shown in equation 9:

 (9)

Results and discussion
Lameness on dairy farms is a serious 

health problem that has negative impacts 
in the economic performance of dairy 
farms in Kosovo. Our study focused on 
56 farms with more than 10 cows per 
farm (mean: 26.25 cows; range: 10–70 
cows). Among the 1470 cows included in 
the study, lameness was observed in 410 
cows (27.9%), and there was an average of 
7.32 (± 5.49) lameness cases per farm. The 
prevalence of lameness within individual 
farms varied from 17% to 39%. 

Costs of lameness
The average per farm decrease in milk 

production associated with lameness was 
568.2±165.9 kg. During the time when 
cows were not affected by lameness, 
they produced 1.86±0.54 kg more milk 
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per day than when they were affected by 
lameness. The average quantity of milk 
discarded due to treatment of lame cows 
with antibiotics was 96.9±28.03 kg. The 
average length of the milk discard period 
due to antibiotic treatment of lactating 
cows exhibiting clinic lameness was 6±0.9 
days.

The estimated annual average annual 
cost of lameness in the 56 dairy farms we 
studied (Table 1) was € 338.57 per farm 
(or € 46.25 per cow). 

Figure 2 depicts the percentage 
contribution of each source of per farm 
economic loss attributed to lameness in 
dairy cattle. Reduced milk production 
gave the greatest contribution to the 
costs of lameness (45% of total economic 
loss) followed by premature culling 
(31% of total economic loss). Discarded 
milk, treatment cost, and reduction 
on cow body weight each contributed 
approximately 8% to the total economic 
loss. 

Sensitivity analysis
The results of the sensitivity analysis 

(Figure 3) show that reduced milk 
production of lame dairy cows is the most 
important contributor to the total cost of 
lameness on a per farm basis. Analysis 
revealed that a 10% increase in milk 
production would elevate the lameness 
cost from € 338.57 to € 405.31 per farm, 
whereas a 10% decrease in milk output 
would diminish the cost of lameness from 
€ 338.57 to € 272.37. Similarly, a 10% rise 
in premature culling would increase the 
cost of lameness from € 338.57 to € 378.34 
per case, but a 10% decrease in premature 
culling would reduce lameness cost from 
€ 338.57 to € 309.76. A change of ± 10% 
of discarded milk and reduced cow body 
weight would vary the cost of lameness 
from € 321.56 to € 353.53 and € 327.79 to 
€ 351.94, respectively. Treatment cost had 
the least effect on total lameness cost; a 10 

Table 1. Sources of annual economic losses (in EUR) associated with bovine lameness among 56 dairy 
farms in Kosovo

Sources of Losses Per farm Per cow

Reduced milk production 153.83 21.01

Premature culling 104.54 14.28

Discarded milk 27.66 3.78

Reduced cow body weight 26.56 3.63

Treatment cost 25.98 3.55

Total cost 338.57 46.25

45.4 %

7.7 %8.2 %

7.8 %

30.8 %

Sources of economic loss associated with lameness

Reduced milk production Treatment cost
Discarded milk Reduced cow body weight
Premature culling

Figure 2. Sources of economic loss associated 
with lameness

Figure 3. Tornado plot showing economic effect 
(in Euro) of each of five contributors to the per 
farm cost of bovine lameness among 56 dairy 
farms in Kosovo
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Table 2. The impact on farm income of various contributors to bovine lameness on 56 dairy farms in 
Kosovo

df MS F P

Reduced milk 
production

Between Groups
Within Groups
Total

17
38
55

33218653.22
1643391.626 20.213 * * *

Premature culling
Between Groups
Within Groups
Total

17 
38
55

3779.829
3020.102 1.252 NS

Discarded milk
Between Groups
Within Groups
Total

17
38
55

113167.819
2818.593 40.150 * * *

Reduced cow body 
weight

Between Groups
Within Groups
Total

17
38
55

204388.495
11447.320 20.731 * * *

Treatment cost
Between Groups
Within Groups
Total

17
38
55

84819.714
1301.601 65.166 * * *

Levels of significance: * P < 0.05; ** P < 0.01; *** P < 0.001; NS P > 0.05

Table 3. Correlation between bovine lameness and farm income on 56 dairy farms in Kosovo

Lameness Farm incomes

Lameness
Person Correlation
Sig. (2-tailed)
N

1
56

0.760**
* * *

Levels of significance: * P < 0.05; ** P < 0.01; *** P < 0.001

Table 4. The impact of veterinary drugs on the improvement of the health condition of cows with 
lameness

Paired 
Differences

Mean Std. Deviation Std. Error 
Mean t df P

Milk production during 
lameness minus 
milk production after 
treatment

-0.79929 1.42521 0.19045 -4.197 55 * * *

Levels of significance: * P < 0.05; ** P < 0.01; *** P < 0.001
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% increase or reduction in treatment cost 
would change the cost of lameness from € 
338.57 to € 348.37 or € 326.30, respectively.

Impact of lameness on farm income
Using the one-way ANOVA, we 

evaluated whether clinical lameness 
had a negative effect on farm income 
through each of the five main factors 
that contributed to the cost of lameness 
(reduced milk production, increased 
risk of premature culling, discarded 
milk, decreased cow body weight, and 
treatment cost). The results are shown in 
Table 2.

There was a strong positive correlation 
between the incidence of lameness and 
farm income (Table 3).

Another statistical analysis was 
conducted to test the impact of 
veterinary treatment (antibiotics) on 
the improvement of lameness. Milk 
production of lame cows was measured 
during lameness and after antibiotic 
treatment. The results are presented in 
Table 4.

The t-test evaluated milk production 
before and after treatment of lame cows. 
The observed difference (P < 0.001) in milk 
production during lameness and after 
treatment provides high confidence that 
the difference in milk production due to 
treatment is not zero (μd ≠ 0). From this, 
we conclude that lameness treatment was 
successful. 

To our knowledge, this study is 
the first to estimate the per farm cost 
of lameness in dairy farms in Kosovo. 
The results indicated that lameness 
is a serious health problem that has a 
negative impact (€ 338.57 per farm; € 
46.25 per cow) on the economic viability 
of dairy farms in Kosovo. Lameness is 
a production-limiting disease of dairy 
cattle (Kossaibati and Esslemont, 1997), 
and thus it is not surprising that lameness 
reduced farm income in this study.

Numerous reports have described 
the problem of lameness in dairy cattle 

in Kosovo; however, none of them 
specifically examined the effect of 
lameness on farm profitability. Poor 
hygienic conditions, prevalent use of tie-
stall management systems, and lack of 
space for unrestricted mobility of cows 
(Zhitia, 2017) make lameness the most 
important health problem on Kosovo 
dairy farms. The prevalence of this health 
condition on the farms we studied ranged 
from 17% to 39%. 

Although one might hypothesize that 
farms with a higher incidence of lameness 
would have reduced farm income, the 
correlation analysis in the present study 
revealed a strong positive correlation (r 
= 0.760; P < 0.001) between lameness and 
farm income. Farms with the highest 
incidence of lameness had higher levels 
of milk production per cow (and hence 
higher gross farm income). This result 
(positive correlation between level of 
milk production per cow and incidence of 
lameness) agrees with several previously 
published reports (Hernandez et al., 
2002). A majority of previous studies 
showed that lameness reduced milk 
yield, reduced cow live body weight and 
increased premature culling of cows from 
the herd (Booth et al., 2004; Amory et 
al., 2008). All these factors caused direct 
economic losses to the farm. Lameness 
also caused indirect economic losses 
to the dairy farms through increased 
treatment costs, higher labour costs, 
and discarded milk (due to antibiotic 
treatment). In this study, lameness 
reduced milk production, increased 
the amount of discarded milk, elevated 
health treatment costs and reduced live 
weight (all at P < 0.001). Reduced milk 
production contributed the most (45.4%) 
to the total per farm cost of lameness, 
followed by premature culling (30.8%) 
and discarded milk (8.2%). Interestingly, 
premature culling of cows from the herd 
due to lameness was not significant (P 
> 0.05). This latter result may have been 
obtained because the difference in the 
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purchase price of replacement heifers is 
not substantially higher than the salvage 
value of cull cows. Alternatively, this 
result could be explained because there 
is very little price discrimination in the 
marketplace between “young” cull cows 
and “old” cull cows.

In this study, lameness reduced milk 
yield by 568 ±166 kg over a 305-day 
lactation period. Amory et al. (2008) 
reported that lame dairy cows produced 
between 370 and 570 kg less milk per 
lactation. Green et al. (2002) stated that 
cows with clinical lameness exhibited 
a 160 to 550 kg decrease in milk yield 
per lactation compared with cows not 
affected by lameness. Cows unaffected by 
lameness during their lifetime produced 
1.12 kg more milk per milking than cows 
that experienced any form of lameness. 
In cows that are closely monitored, it is 
possible to document decreased milk 
yields even before the clinical expression 
of lameness (Ekiz, 2006). This research 
group reported a 203 kg reduction in 305-
day lactation milk yield due to dairy cow 
lameness (Koçak and Ekiz, 2006).

When a cow shows clinical signs 
of lameness, it may be treated with 
antibiotics. In practice, it is usually only 
the more severely lame cows that are 
treated, though the treatment approach 
can vary widely based on the type and 
severity of foot lesions (Ózsvári, 2017). 
During farm visits, we monitored the 
health condition of cows with lameness 
during and after medical treatment. 
Using a paired t-test we showed that 
the lameness treatments were successful 
overall. The cost associated with 
lameness in this study was € 338.57 per 
farm (or € 46.25 per cow). The number 
of commercial dairy farms in Kosovo 
is 4,238 (MAFRD, 2016). Based on the 
average prevalence of clinical lameness 
in our study of 27.9% (410 cases among 
1470 cows), we predicted the total 
economic losses associated with clinical 
lameness across all commercial dairy 

farms in Kosovo to be € 401,760.70 for 
the year 2017. It should be recognized, 
however, that the economic costs 
associated with lameness differ across 
farms, across people responsible for 
animal treatment, across underlying 
causes and types of lameness, and across 
countries (Olechnowicz and Jaskowski, 
2011). 

Enting et al. (1997) calculated the 
costs of lameness in the Netherlands 
using a partial budget model. The total 
costs associated with lameness were 
NLG 229.79±103.30 (equivalent to USD 
132.43±59.53) per cow per year. In a 
study conducted in England, Kossaibati 
and Esslemont (1997) reported total 
farm costs of £ 246.22 (USD 421.53) for 
average lameness cases, £ 212.60 (USD 
363.97) for digital lameness cases, £ 
112.80 (USD 193.11) for interdigital 
lameness cases, and £ 391.80 (USD 
670.76) for sole ulcer cases. In Hungary, 
the average annual cost of lameness per 
cow was € 61.60 and € 320.20 per farm 
(Ózsvári et al., 2007). 

The economic conditions affecting 
dairy farms are undergoing a variety 
of changes in Kosovo (Bytyqi et al., 
2014). The same is likely true in other 
dairy-producing regions of the world. 
The dairy sector is one of the most 
promising sectors that can contribute 
favourably to Kosovo’s economic and 
social development; thus, there is a 
strong need to recognize and address 
problems of the dairy sector. The results 
of this study confirmed that dairy farms 
in Kosovo, as in other countries, have 
some problems regarding the health 
and welfare of their cows. The results 
also quantified, for the first time, the 
significant economic losses caused by 
lameness in dairy farms in Kosovo. The 
issue of cow health is directly related 
to cow productivity, and lameness 
therefore has an impact on the current 
and future profitability of any dairy 
farm (Otte and Chilonda, 2000). 
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Conclusions
Quantification of the economic losses 

associated with lameness is important 
not only to assess the current situation, 
but also to provide a basis from which 
to answer questions such as: (1) Can 
financial losses be limited if diseases 
occur? (2) In what way and to what extent 
can the risk of disease be diminished? 
and (3) How much economic loss can be 
avoided, and what efforts and costs are 
involved in doing so? (Dijkhuizen and 
Morris, 1997).

Dairy cattle farmers in Kosovo (and 
elsewhere) should pay more attention to 
important management parameters such 
as a healthy and balanced diets for cows, 
reproductive performance, hygienic 
conditions, housing type (e.g., free stall 
versus tie stall), herd size, free space 
for cows to walk, and health protocols. 
Outstanding management practices at the 
farm level would improve farm incomes 
and bolster the entire milk supply chain 
in the country.
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Zdravlje muznih krava važan je faktor 
koji utječe na profitabilnost mliječnih farmi 
širom svijeta, a hromost se smatra jednom 
od najskupljih bolesti mliječne stoke. Cilj ove 
studije bio je procijeniti ekonomske gubitke 
hromosti krava između farmi mlijeka s Kosova. 
Podatci prikupljeni na 56 farmi mliječnih 
krava analizirani su stohastičkim modelom 
na razini farme (Monte Carlo) kako bi se 
procijenio trošak hromosti. Izvori ekonomskog 
gubitka povezani s hromošću ispitivani su 
u okviru modela koji uključuje: smanjenu 
proizvodnju mlijeka, troškove liječenja, 
bačeno mlijeko, smanjenu tjelesnu težinu 
krave i preuranjeno izlučivanje. Rezultati su 
pokazali da se prevalencija hromost među 
kravama na Kosovskim mliječnim farmama 
kreće od 17 % do 39 %. Prosječni godišnji 

trošak hromosti procijenjen je na 338,57 eura 
po farmi (ili 46,25 eura po kravi). Smanjena 
proizvodnja mlijeka predstavljala je najveći 
financijski doprinos troškovima hromosti 
(45 % ukupnog ekonomskog gubitka), 
nakon čega je uslijedilo prerano izlučivanje 
krava (31 % ukupnog ekonomskog gubitka). 
Bačeno mlijeko, smanjena tjelesna težina 
krave i troškovi liječenja iznose približno 8 
% od ukupnog ekonomskog gubitka. Ove 
spoznaje ukazuju na to da mljekari trebaju biti 
svjesniji o financijskim gubitcima povezanim 
s hromošću i treba ih poticati da provode 
strategije upravljanja za smanjenje hromosti 
kao sredstvo za povećanje profitabilnosti 
farmi.

Ključne riječi: mliječne krave, zdravlje, 
hromost, ekonomski trošak

Ekonomski gubitci prouzročeni zbog kliničke hromosti muzne 
stoke s Kosova
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