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Moru et al. This is an Bovine mastitis is regarded as the most costly disease of dairy cows. Estimating its

open-access article economic impact therefore gives farmers and veterinarians an insight into the costs of
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I control. The aim of this study was to determine the costs of clinical mastitis in Friesian
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x Bunaji crossbred dairy cows. Passive data collected between 2000 and 2015 was
retrieved from the Dairy Research Programme of the National Animal Production
Research Institute, Shika-Zaria, Nigeria and this was used to determine the input
parameters for a simulation model. The parameters included the lactation and
seasonal prevalence of clinical mastitis, average daily milk yield of cows, average illness
period and the proportion of cows in each parity. Stochastic (Monte Carlo) simulation
modelling of milk yield losses due to clinical mastitis was done using Microsoft Excel
with @Risk 7 add-in. The cost of a case of clinical mastitis at a base risk incidence of
35.2% was 85,005.85 ($15.87). The costs increased by 7.5% in a herd with 10% higher
milk yield, while revenue generated was higher by 10.2%. The cost was 1.64% higher in
a herd with fifty per cent of it cows in first parity than a herd with fifty per cent of its
cows in third parity. 1.01% higher net revenue was generated from herds with fifty per
cent of it cows in third parity than the herd with fifty per cent of its cows in first parity.
Improving milk production potential of cows resulted in more cases of clinical mastitis,
although the increase in revenue overshadows the added costs of clinical mastitis,
successful control of mastitis will also significantly reduce production costs and
improve the farm revenue.
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Introduction
Bovine mastitis is an infectious disease with
significant impact on the economy of milk

take appropriate decisions to control and possibly
eradicate the disease.

production (Halasa et al., 2007; Awale et al., 2012). It
is regarded as the most costly disease of dairy cattle
(Anaya-Lopez et al., 2006). Estimation of the
economic impact of mastitis gives farmers an insight
to the costs of the disease in a herd and help them
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The largest milk producing country in West Africa is
Nigeria and they are third largest in cow milk
production in Africa (FAO, 2011). Though, the white
Fulani (Bunaji) cows are the principal milk producers
(Adeneye, 1989), the introduction of Friesian sire
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into Nigeria has produced stabilized crossbred
Friesian x Bunaji cows whose dairy performance has
been adjudged to be higher than the pure Bunaji
cows (Alphonsus et al., 2008).

Several studies have been carried out on the
economics of mastitis and mastitis management in
many countries of the world (Seegers et al., 2003;
Halasa et al., 2007). Only a few of these have
estimated the costs of mastitis in the sub-Saharan
African countries (Schepers & Dijkhuizen, 1991;
Ravaomanana et al., 2004; Mungube et al., 2005;
Tesfaye et al., 2010). A number of farms have
resorted to the use of Friesian x Bunaji cattle breeds
for improved milk because of their high production
potentials. However, there are no published reports
on the economic impact of mastitis in dairy herds in
Nigeria. This study was conducted to estimate the
milk yield losses associated with clinical mastitis and
the costs of clinical mastitis in Friesian x Bunaji dairy
cows in a research farm in Zaria, Nigeria.

Materials and Methods

Study location

This study used data collected from the Dairy
Research Programme of the National Animal
Production Research Institute (NAPRI) Shika, Zaria,
Nigeria. Shika is geographically situated (11° 12 42
N and 7°33 14 E) at an altitude of 650m above sea
level. Shika has an average annual rainfall of 1100
mm usually lasting from May to October, peak
rainfall is recorded between July and September.
Shika has a mean relative humidity of 72 %, while
the harmattan season lasts from November to
February with mean daily temperatures ranging
from 15 — 36 °C and mean relative humidity of
between 20 —37 %.

Data collection

Data collected include; cases of clinical mastitis
(CM), treatment records and daily milk yield (DMY),
recorded from January, 2000 to April, 2015 from the
Dairy Research Programme of NAPRI, Shika-Zaria.
The daily milk yield was organized into mastitic and
non-mastitic lactations - defined as lactation period
during which clinical mastitis occurred, and lactation
period without an occurrence of clinical mastitis
respectively. Parities observed were 1%, 2™, 3 and
4" parities. The data covered 446 lactations from
155 cows (averaging 2.88 lactations /cow). The
mastitis data considered included only clinical
mastitis cases detected either by veterinary
clinicians or the milkers during milking - usually
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indicated by the presence of clots in the milk,
swollen or hard udder. Calendar dates of mastitis
onset, duration of mastitis (based on cure rate) and
parity were also recorded. Based on stage of
lactation, cases were grouped as ‘early’ (0-14 weeks)
or ‘late’ (15-44 weeks). Cases were also grouped
based on season (rainy or dry).

Herd management

The cows were housed in a free stall barn and taken
out daily to graze on natural pastures and fed
concentrate supplement during milking. The cows
were hand-milked twice daily (morning and
evening). Clinical mastitis cases were treated with
antibiotics administered systemically.

Simulation model

Based on the data collected, a stochastic (Monte
Carlo) simulation model was developed using @Risk
7 (PALISADE, 2015), an add-in software for Microsoft
Excel, to estimate the milk yield losses due to clinical
mastitis in the studied herd under different
scenarios. Input parameters for the model are
shown in Table 1. The model simulates an entire
lactation for a single cow (i) in weekly time steps (j)
beginning with the first week of lactation. Milk
production and clinical CM related events occur by
parallel and interlinked processes within the time
steps. The processes begin with each cow at the
point of calving being randomly assigned a parity
from a discrete distribution and a random lactation
value from a normal distribution - both of which
determine her 305-day milk production. The
occurrence of CM and its effects on milk production
are determined in the course of the lactation. A CM
status is stochastically derived for the cow in each
time step based on the average lactation incidence
of CM (adjusted by the parity of the cow, the season
of the year and the stage of lactation). Milk yield
losses calculated as ‘discarded milk’ due to CM was
determined based on the average daily milk
production at the point of occurrence of CM. A herd
consisted of 348 milking cows.

Estimating the costs of clinical mastitis

The costs of clinical mastitis were determined
according to the pattern used by Wolfova et al.
(2006). Economic consequences considered include;
the costs of milk discarded, drugs, veterinary
services and labour.
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Table 1: Parameters for modelling milk yield loss and cost of clinical mastitis in Friesian and Bunaji crossbred dairy

cows in a dairy herd in Zaria, Nigeria

Parameters Values
Pcowl 0.4878
Pcow?2 0.2114
Pcow3+ 0.3008
YMIL1 30.43
YMIL2 32.2
YMIL3+ 42.86
Drug cost (&/CM case) 640
CVs (8/hr.) 2,500
Vet Time (hrs.) 0.5
Herdsman's time (hrs.) 1

Milk price (¥/kg) 90
Price of herdsman's time (#&/hr.) 66.7
ADMY (kg) 5.88
AIP (days) 6

Key: PCOW1, 2 and 3 = the proportion of cows in parities 1, 2 and 3 respectively, YMIL 1, 2 and 23 = the
prevalence of clinical mastitis in lactations 1, 2 and 23, CVs = the cost of Veterinary services, ADMY = average daily

milk yield, AIP = the average illness period

Cost of discarded milk: The cost of discarded milk
(CDm) was determined by multiplying the discarded
milk per cow (Dm;) by the price of milk (Pm) for the
entire herd of 348 cows according to equation [1]:
CDm = Y3*¥ Dm; x Pm [1]

Cost of drugs: Since all cases of CM (CM_4ses) ON the
farm were treated, the cost of drugs (CR,) at herd
level was determined as follows:

CR, = CM_ 4505 X PR, [2]

Where PR, represents the price of the drugs for a
single case of CM.

Cost of veterinary services: CM 4.5 received
veterinary attention and the cost of veterinary
services (CVs) for the herd is dependent on the price
of veterinary services per hour (PVs) and the time
spent on each case by the veterinarian (TVs) as
follows:

CVs = Y Meases pys x TVs 3]
Cost of labour: CM . also required extra attention
by care givers for reasons such as restraining,
isolation, manual expression of milk from the
affected quarter(s) etc. Hence, the opportunity cost
of the additional time spent on mastitic animals in
the herd is referred to as the ‘cost of labour’ (CL). It
is determined as a function of the price of labour per
hour (PL) and the estimated time spent on each case
of CM (TL) as follows:

CL = Y Meases p[, x T [4]
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Costs of cm: Since all the contributing cost variables
were estimated at herd level, the herd level costs of
CM (HC¢p) was estimated as the sum of the cost
variables as follows:

HCrpy = CDMm + CR, + CVs + CL [5]

While the cost of a single case of CM (Cy) was

determined as follows:
HCcym

(6]

Coem =
CM
CMcases

Mastitis-adjusted farm revenue: The revenue from
the farm (R,;4) was calculated as a function of the
average lactational milk production per cow (MP;),
the Pm and the HC), as shown below:

Rya = [X323 MP; x Pm] — HCcy (7]

Data analysis

The output parameters such as the lactation milk
yield, discarded milk and incidence of clinical
mastitis for the different scenarios were analysed for
significant differences using one-way ANOVA and a
post-hoc Tukey-kramer paired-wise test of JMP-SAS
(2010). Farm gate price of milk was used in the
calculation of financial costs of clinical mastitis.

Sensitivity analysis

A sensitivity analysis was conducted on input
parameters pertaining to production, disease
dynamics and economics by creating different 348-
cow dairy farm scenarios based on the parameters.
This was to assess the level of impact of each of
these parameters on the overall costs of CM.
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Mastitis-adjusted marginal financial effects of the
scenarios were obtained by comparing their
respective revenues with the mastitis-adjusted
revenue of the default (base risk) scenario. Scenarios
for which this sensitivity analysis was done include:
High MProd (+10% milk production potential), Low
MProd (-10% milk production potential), High
MPrice (+10% milk price), Low MPrice (-10% milk
price), High Risk (+20% risk of CM), Low Risk (-20%
risk of CM), No Risk (0% risk of CM), 50% 1par (50%
of the cows in 1% parity) and 50% 3par (50% of the
cows in 3™ parity).

Results

Simulation model output

The model output which includes lactation milk
yield, incidence of CM and discarded milk due to CM
in Friesian x Bunaji cows are shown in Table 2.
Average milk yield from a cow with no risk of clinical
mastitis was 1,857.86kg/cow/lactation. For a base
risk herd (BR) with CM incidence of 0.352, the
lactation milk yield was averagely
1,858.30kg/cow/lactation. The lactation milk yield
and CM incidence varied for the different scenarios
presented (Table 2). The model output showed that
an increase in milk yield potential of the cow was
associated with a significant (p<0.05) increase in
incidence of clinical mastitis, though the revenue
generated also increased significantly. The herd with
50% of its cows in 3" parity had a significantly higher
average milk yield of 1,873.70kg/cow/lactation
(p<0.05) and significantly lower incidence of clinical
mastitis (0.348) compared to the BR values. While a

herd with 50% of its cows in 1% parity had an
average milk yield of 1,855.30kg/cow/lactation and
significantly higher incidence of clinical mastitis
(0.357) compared to the BR values. Increasing milk
production potential of cows in the herd by 10%
generated a significantly higher incidence of clinical
mastitis of 0.356, higher milk vyield of
2,047.00kg/cow/lactation and higher discarded milk
of 13.33kg/cow/lactation compared to the BR
values. Lowering milk yield potential of cows by 10%
resulted in a significant decrease in incidence of CM
(0.352), milk yield of 1,670.30kg/cow/lactation and a
decrease in discarded milk (11.94kg) compared to
the BR values (Table 2).

Costs of clinical mastitis

The costs of clinical mastitis in a dairy herd with
default risk (BR) of CM was estimated to be
#614,017.88, while the costs per case of CM and the
costs per cow in a herd were estimated to be
#5,005.85 and #1,764.42 respectively (Table 3). The
herd-level costs were higher by 11.97% in a herd
with 20% higher risk of CM and by 7.47% in a herd
with 10% higher milk production potential than the
BR herd. However, the costs were less by 12.2% in a
herd with 20% lower risk of CM and by 6.19% in a
herd with 10% lower milk production potential than
the BR herd. The herd with 50% of the cows in 3™
parity recorded significantly lower costs of mastitis
and higher revenue than the herd with 50% of the
cows in 1% parity (costs of CM were %609,157.58 and
#§619,322.48 respectively, while the revenues were
#§58,075,199.71 and #57,488,483.37 respectively).

Table 2: Simulation output of incidence of clinical mastitis, lactation milk production and discarded milk due to
clinical mastitis for the FriesianxBunaji dairy cows in a dairy farm in Zaria, Nigeria

Variables Lactation milk production (kg) Incidence of CM Discarded milk per cow due to CM (kg)
No risk 1857.86° o 0"
Base risk 1858.30° 0.352° 11.94°
Low risk 1858.43° 0.309° 10.498
High risk 1856.13° 0.394° 13.38°
50% 3par 1873.70° 0.348° 11.87°
50% 1par 1855.29' 0.357° 12.01°
HMP 2047.00° 0.356° 13.33°
LMP 1670.26° 0.352° 10.73'
High MK price  1858.30° 0.352° 11.94°
Low MK price  1858.30° 0.352° 11.94°

Key: No risk = no risk of clinical mastitis, Base risk = base risk of clinical mastitis, Low risk = low risk of clinical
mastitis, High risk = high risk of clinical mastitis, 1par = parity-1 cows, 3par = parity-3 cows, HMP = high
milk production, LMP = low milk production MK price = milk price.

a, b, c,d, e, fand g means within the same column with different Superscripts are significantly different
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Table 3: Mastitis-adjusted economic output for different scenarios as generated by Monte Carlo Stochastic
simulation modelling based on data from friesian x bunaji crossbred dairy cows in a dairy farm in Zaria, Nigeria

Revenue Difference as

. Cost of clinical Revenue from milk ) Cost/Case Cost/Cow
scenarios | stitis/herd (N)  sales(N/herd) Compared to No Risk () (™)
Scenario (N/herd)

No risk - 58,188,154.90 - - -

Base risk 614,017.88 57,587,983.43 600,171.47 5,005.85 1,764.42
Low risk 539127.93 57,666,816.33 521,338.57 5,009.09 1,549.22
High risk 687,502.27 57,446,340.16 741,814.741 5,008.39 1,975.58
50% 3par 609,157.58 58,075,199.71 112,955.19 5,023.98 1,750.45
50% 1lpar 619,322.48 57,488,483.37 699,671.53 4,983.28 1,779.66
mlg??od 659,886.28 63,452,116.78 -5,263,961.88 5,325.37 1,896.22
Low MProd 575,986.16 51,736,446.47 645,1708.43 4,699.63 1,655.13
rl:lg}:ice 651,418.79 63,370,782.66 -5,182,627.75 5,310.77 1,871.89
II;/IOIZ\:ice 576,616.98 51,805,184.21 638,2970.70 4,700.94 1,656.95

Key: MPrice=Milk Price, MProd=Milk Production, 50% 1par=50% of cows in herd are 1st parity cows, 50%
3par=50% of cows in herd are 3rd parity cows, Base Risk=Current average risk of Clinical Mastitis (35.16%), No
Risk=0% Risk of Clinical Mastitis, High Risk=20% Increase in Base Risk of Clinical Mastitis, Low Risk=20% Decrease in

Base Risk of Clinical Mastitis

Figure 1 shows the percentage contribution of
each cost component to the overall costs of CM.
Discarded milk made the highest contribution to
the costs of CM at 61%, while that of veterinary
services contributed 25%, cost of drugs
contributed 13% and cost of labour contributed
only 1%.

Sensitivity analysis

The results of the sensitivity analysis (Figure 2)
show milk production potential of cows in a
herd to be the most important parameter. A
10% increment in milk production potential
improved the mastitis-adjusted revenue of a
herd of 348 cows by #5,864,133.35, while a 10%
reduction in milk production potential lowered
the mastitis-adjusted revenue in a similar herd
by #5,851,536.96. The price of milk had a very
similar effect with a 10% increment or reduction
in price affecting revenue by +#5,782,799.23.
Parity and risk of CM showed a lower effect on
revenue. In fact, lowering the risk of mastitis by
20% in a herd of 348 cows only improved the
mastitis-adjusted annual revenue by
#78,832.90, while eliminating CM totally
improved annual revenue by §#600,171.47.

1(Dm

BCVs

nCL
(Rx

Figure 1: Contribution of each component to the cost of
clinical mastitis in Friesian Bunaji crossbred dairy cows in a
dairy farm in Zaria

Component Key: CDm= the cost of diacarded milk, CVs = the
cost of veterinary services, CL=the cost of extra labour, CDx=
the cost of drugs
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Discussion

The model showed that the incidence of clinical
mastitis (CM) increases with increased milk yield
potential of the crossbred cows. Sinha et al.
(2014) inferred from their study that crossbred
cows are more susceptible to mastitis. When
the milk vyield potential of such breed is
increased, the risk of clinical mastitis (CM) might
also increase.

The cost of clinical mastitis obtained in this
study was lower than estimates by other
researchers such as Bar et al. (2008), whose
estimate of cost of CM/case was $179 (853,836

as at 2016), also, Rollin et al. (2015) estimated

an overall cost per case of CM in the first 30 day

of lactation to be $444(&133,536 as at 2016).
Variation in these studies could be due to
difference in factors included in calculating the
cost of mastitis, breed of cow hence production
potential, method of analysis, as described by
Halasa et al. (2007). To the best of our
knowledge no study in Nigeria have determined

the cost of clinical mastitis (CM), this made
comparison difficult.

From the model high milk production potential
cows had higher cost of CM than low milk
production potential cows this could be due to
possible incomplete milking from hand milking of the
higher milk yielding cows. This provides suitable
medium for growth of mastitis pathogens, therefore
increasing the incidence of CM, hence, increased
cost of CM.

Reduced cost and incidence of CM observed in a
herd with 50% of it cows in 3™ parity could be due to
better adaptation of the 3™ parity cows to hand
milking process making it less stressful on them
compared to 1% parity cows. Stress in cows might
compromise immunity of the cow thereby reducing
the cow’s chance to fight pathogens and increasing
the chances of proliferation of mastitis causing
pathogen among such cows, hence, increased
mastitis incidence.

The model sensitivity analysis indicates that high
milk yielding cows with high mastitis risk gave
greater net revenue than low yielding cows with low
mastitis  risk. This indicates that for the
FriesianxBunaji cows, mastitis constitutes a cost for
every occurrence (which adds to production costs)
and should receive appropriate attention to reduce
the production cost, however, production potential
of a cow should be given preference over risk of
clinical mastitis in selecting dairy cows.

Low MPrice N-5,782,799.23

High MPrice N5,782,799.23
Low MProd N-5,851,536.96

High MProd N5,864,133.35
30% Ipar -99,500.06

50% -?Pm' #%487,216.28
H!'g:rr Risk 5-141,643.27

Low Risk N78,832.90
No Risk N600,171.47

Figure 2: Turnado plot showing economic effects (in Nigerian
Naira) of different farm scenarios by comparing the revenue
of each scenario with that of the base risk scenario in which
all other factors are normal. Negative values represent losses
while the positive values represent gains as compared to the
base risk scenario.

Key: MPrice=Milk Price,

MProd=Milk Production, 50%

1par=50% of cows in herd are 1st parity cows, 50% 3par=50%
of cows in herd are 3rd parity cows, High Risk=20% Increase
in Risk of Clinical Mastitis, Low Risk=20% Decrease in Risk of
Clinical Mastitis, No Risk=0% Risk of Clinical Mastitis
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In conclusion, the cost of CM in a herd of
FriesianxBunaji dairy cows with incidence of CM of
0.352 ranged from #%4,924.95 to 5,024.36/case of
CM (average ™5,005.85/CM case). Cost of CM was
affected by milk production potential of cows, price
of milk, parity of cows in the herd and the incidence
of CM in the herd. Milk production potential of cows
and the different parities of cows in the herd also
affect the incidence of clinical mastitis. Production
potential of a cow was found to have stronger effect
on revenue generated from milk produced than
other factors (Incidence of CM and parity of cows),
therefore, it should receive higher priority in
breeding  and management  considerations.
Increasing production potential of a herd of cows
was shown to increase CM occurrence within the
herd, therefore, disease control strategies should
always be properly put in place to reduce production
cost.

Acknowledgement

Our gratitude goes to MacArthur Foundation for
sponsoring this research. We are also grateful to the
Executive Director of the National Animal Production
Research Institute (NAPRI), Shika-Zaria for permitting
us to use these Data and to the Staff of Dairy
Research Programme of NAPRI for making the Data



Sokoto Journal of Veterinary Sciences, Volume 16 (Number 2). June, 2018

available to us. We thank the Staff of Veterinary
Public Health and Preventive Medicine, Ahmadu
Bello University, Zaria for all their contributions.

References

Adeneye JA (1989). Variation in vyield and
composition of milk from different udder
quarters of lactating white fulani cattle in
tropical environment. Nigerian Journal of
Animal Production. 16(1): 8-15.

Alphonsus C, Essien IC, Akpa GN & Barje PP (2008).
Factors influencing milk yield characteristics
in bunaji and Friesian x bunaji cows in
Northern Nigeria. Animal Production. 13(3):
143-149.

Anaya-Lopez JL, Contreras-Guzman OE, Carabez-
Trejo A, Baizabal-Aguirre VM, Lopezmeza JE,
Valdez- Alaron JJ & Ochoa-Zarzasa A (2006).
Invasive potential of bacterial isolates
associated with subclinical bovine mastitis.
Research in Veterinary Science. 81(3): 358-
361.

Awale MM, Dudhatra GB, Avinash K, Chauhan BN,
Kamani DR, Modi CM, Patel HB &
O’Kennedy R (2012). Bovine mastitis: a
threat to economy. Open Access Scientific
Reports, doi:10.4172/scientificreports.295.

Bar D, Tauer LW, Bennett G, Gonzalez RN, Hertl
JA, Schukken  YH, Schulte HF & Grohn
YT (2008). The cost of generic clinical
mastitis in dairy cows as estimated by using
dynamic programming. Journal of Dairy
Science, 91 (6): 2205-2214.

FAO (2011). World dairy cow numbers. Food and
Agriculture Organization: Rome, Italy.

Halasa T, Huijps K, Osteras O & Hogeveen H (2007).
Economic effects of bovine mastitis and
mastitis management: A review. Veterinary
Quarterly. 29(1): 18-31.

JMP-SAS (2010). Statistical Analysis System, Version -
10, SAS institute Incorporated Cary, North
Carolina, United State of America.

Mungube ED, Tenghagen BA, Regassa F, Kyule MN,
Shiferaw Y, Kassa T & Baumann MPO
(2005). Reduced milk production in udder
quarters with subclinical mastitis and
associated economic losses in crossbred

34

dairy cows in Ethiopia. Tropical Animal
Health and Production. 37(5): 503-512.

PALISADE (2015). Palisade Corporation, Ithaca,
United State of America.
www.palisade.com, retrieved 03-10-2015.

Ravaomanana J, Rasambainarivo JH, Perrot A,
Razafiarison O & Rakotonindra S (2004).
Mastitis in Dairy Cows and its Economic
Impact on Smallholder Production in the
Highland Zones of Madagascar. In:
Proceedings of the eleventh International
Conference of the Association of Institutions
for Tropical Veterinary Medicine, and the
sixteenth Congress of Veterinary Association
of Malaysia held 23-27 August 2004,
Petaling Jaya, Malaysia. Pp 94-95.

Rollin E, Dhuyvetter KC & Overton MW (2015). The
cost of clinical mastitis in the first 30 days of

lactation: An economic modelling tool,
Preventive Veterinary Medicine, 122(3):
257-264.

Schepers JA & Dijkhuizen AA (1991). The economics

of mastitis and mastitis control in dairy
cattle - A critical analysis of estimates
published since 1970. Preventive Veterinary
Medicine, 10(3): 213-224.
H, Fourichon C & Beaudeau F (2003).
Production effects related to mastitis and
mastitis economics in dairy cattle herds.
Veterinary Research. 34(5): 475-491.

MK, Thombare NN, Mondal B (2014).
Subclinical mastitis in dairy animals:
Incidence, economics, and predisposing
factors. The  Scientific  World  Journal.
doi.org/10.1155/2014/523984.

Tesfaye GY, Regasse FG & Kelay B (2010). Milk yield
and associated economic loss in quarters
with subclinical mastitis due to
Staphylococcus aureus in Ethiopia crossbred
dairy cows. Tropical Animal Health and
Production, 42 (5): 925-931.

Wolfova M, Stipkova M & Wolf J (2006). Incidence
and economics of clinical mastitis in five
holstein herds in the Czech Republic.
Preventive Veterinary Medicine. 77(1- 2):
48-64.

Seegers

Sinha


http://www.palisade.com/

