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Abstract

1t appears that small holder dairy farmers as well as large mechanized dairy farmers in Kaduna State do not seem to be aware
of the subclinical mastitis situation in their cows. A cross-sectional study was carried out with the objective of establishing the
prevalence of subclinical mastitis and related risk indicators and to assess their contribution to the occurrence of subclinical
mastitis. Three field procedures based on the principles of herd health and production management were followed: clinical
inspection, farm management inspection and farm records inspection. The California mastitis test (CMT) was carried out on
quarter milk samples to determine the prevalence of subclinical mastitis. A total of 150 lactating cows from 30 herds were
investigated. Clinical mastitis was detected in about 5.0% of the lactating cows, subclinical mastitis was found in 24.5% (about
25%) of the cows screened. Farm inspection revealed that, water scarcity, poor housing, hand milking, single udder towel and
dairy labourers as most substantial (P < 0.05) risk indicators. Overall, there was the epidemiological need to address such risk

indicators.
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1. Introduction

Milk is designed by nature to give a complete food to very young
animals and therefore has exceptionally high nutritional value
containing carbohydrate, fat, protein vitamins and minerals,
which is equally an excellent culture medium for many kinds of
microorganisms [1]. It is an important food source for humans,
either as fresh fluids or processed into a number of dairy products
such as yoghurt, butter or cheese because it is nature’s most
nearly perfect food, deficient only in iron [2]. Microorganisms,
particularly bacteria usually gain entry into milk through the udder
of the cow by way of the teat canal. The organisms involved, most
of which are saprophytic in the outside environment gain access by
their ability to grow a short way up into the milk duct of the teat,
causing mastitis of the udder [3].

Mastitis generally refers to the inflammation of one or more
quarters of the udder, usually caused by bacterial infection. It is a
complex and multifactorial disease whose occurrence depends on
variables related to the animal, environment and pathogen. Mastitis

is the greatest threat to dairying all over the world; it causes direct
economic losses to farmers in several ways: Milk yields are
reduced; there is damage to the mammary tissue, contaminated milk
is discarded; it equally endangers public health from the infectious
agents causing the disease condition and the resultant antibiotics
used in treatment. Milk that is abnormal or contaminated with
antibiotics is unsaleable; there are veterinary and antibiotic costs;
a higher culling rate and occasional fatalities. The milk processing
industry also incurs losses because of problems that result from
antibiotics in milk and the reduced chemical and bacterial quality
of mastitic milk which affects the suitability of milk for processing
[4]. The primary cause of mastitis in cattle, goats and sheep are
well recognized group of microorganisms including Streptococcus
sp. Staphylococcus sp, pasteurella sp and coliforms such as E. coli,
Enterobacter sp and Klebsiella species.

Most mastitis persist for weeks or months in a mild form as
subclinical infection which is not detected by the stock men, only
occasionally are there clinical signs with clots in the milk and
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inflamed quarters. With some pathogens however, the infection
is frequently more acute and there is a general endotoxaemia
with raised body temperature, loss of appetite and the cow may
die unless supportive therapy is given [5]. Although several
bacterial pathogens can cause mastitis, the genus staphylococcus
is the primary and probably the most lethal agent because it
causes chronic and deep infection in mammary glands that are
extremely difficult to be cured [6]. Staphylococcus has been found
responsible for more than 80% of the subclinical bovine mastitis
which may result in about 300 dollars per year of economic losses
per animal [7].

When clinical mastitis occurs, the effective therapy is a course
of antibiotic infusion into the udder through the teat duct. This
always remedies the clinical disease and often eliminates the
bacteria infection. Recovery from infections may be spontaneous
but most persist, to be eliminated eventually by antibiotic therapy
or lead to the cow being culled [8]. Dairy foods are frequently
contaminated with Staphylococcus species and Staphylococcus
enterotoxins are ranked as one of the most prevalent worldwide,
causing gastroenteritis [9]. The traditional dairy farms contribute
substantially to the milk supply in the country and significantly
to poverty alleviation and reduction of malnutrition; it provides
a regular source of household income, food and self employment
particularly to the women folk. However, despite the important
role of the industry, farmers continue to experience sub optimal
performance of their animals due to disease problems especially
mastitis. Yet despite the intensive research on the control of
bovine mastitis, it still remains the most costly disease of the dairy
animals [10]. However, it is important to recognize that because
most mastitis is subclinical and unseen, control depends primarily
on adopting sound management routine for the whole herd [11].

2. Materials and Methods

2.1 Field survey/ Quetionnaire administration.

Field survey:

This was carried out according to the standard of field observational
protocol following 2 procedures: Clinical inspection and farm
management inspection. In clinical inspection, cow characteristics
associated with clinical mastitis such as udder lesions, blind or
swollen teat, udder fibrosis or lump etc were inspected and
recorded. Also, farm management practices such as manure
disposal, housing, milking practices etc that may predispose cows
to mastitis were inspected and recorded.

2.2 Questionnaire Administration

A questionnaire designed with the objective of bringing out the
multifaceted background of subclinical mastitis was administered
in an interactive manner with the herdsmen and ranch attendants at
every farm visited. This is in addition to the personal observation
and inspection made. The information was then entered in to the
questionnaire form.

2.3 Collection of milk samples.

Herds of cattle were visited very early in the morning during the
milking time, and then 10ml of fresh quarter milk sample (from
each quarter) was collected directly from milking cows, mid
stream, in to sterile universal bottles.

2.4 California Mastitis Test

In order to study the quality of milk, the California mastitis test was
carried out on milk samples of composite milk using the CMT Kkit.
Five ml of each composite and bulk milk samples were collected,
each sample was mixed with the reagent and the test carried out
according to the manufacturer’s instruction. The criteria used
for scoring were:M 0 (negative), +1 (weak positive) +2 (distinct
positive) and + 3 (strong positive). In this study, CMT score of 0
was regarded or grouped as having originated from cows free of
subclinical mastitis and better quality milk, while CMT result of >
+ 1 was taken as evidence of subclinical mastitis and low quality
milk.

3. Results

3.1 Clinical Inspection

The result of the clinical inspection of 150 cows studied is shown
in Table 1. Twenty seven (27) cows representing 18.0% had
various forms of udder lesions while 8 (5.0%) had blind teats,
11 (7.0%) showed udder lumps and 105 (70.0%) of the cows had
soiled thighs whereas only 10 (6.6%) were infested by ticks. The
8 blind teats did not produce any milk and therefore could not be
tested for California mastitis test.

3.2 Farm Inspection

The result of the farm management inspection is shown in table 2.
From the result, the herd size in the farms were all above 11 cows,
the number of labourers in all the farms were more than 2 except in
one of the small holder farms managed by a man and his son (only
2). None of the dairy workers had less than 5 years experience.
The grazing of the cows were outdoor in all the farms. Hygiene
was good in some of the large mechanized farms but poor in most
of the small holder farms. None of the farms keeps record of their
activities.

3.3 Housing Condition for the Herds

Table 3 shows the housing condition in the farms/herds. The cows
were all housed on earthen floor, none has concrete floor. Also, they
all used the same area for feeding and sleeping. The cows were not
tethered in the house except in 3(25%) of small holder farms. The
sanitary practices were fair in some of the large mechanized dairy
farms but poor in some others, most especially in the small holder
dairy farms. None of the farms disinfected the floor of the houses.

3.4 Other Farm Management and Milking Practices

This is as show in table 4. The large mechanized dairy farms have
the borehole while the small holder dairy farms have the pond or
rivers as their water sources and therefore while water scarcity is
rare in the large mechanized farms, it is very frequent with the

Env Sci Climate Res, 2023

Volume 1 | Issue 1 | 47



small holder farms. Most of the large mechanized farms restrained
their cows before milking but the small holder farms seldom did
s0. Only 1 (8.0%) of the farms (a large mechanized farm) practice
hand washing before milking, the rest does not. Seventy five (75%)
of the dairy farms carried out screening for mastitis while 5.0%
does not. All the farms (100%) practised stripping type of milking.
Five dairy farms representing 42.0% washed only the teat of their
cows before milking, only 1 (8.0%) washes the whole udder while
50% of the farms do not even wash at all. A single towel was being
used for cleaning cow teat in only 2 (17.0%) of the farms. All of
them feed the cows after milking and they all do not leave the

milking of mastitic cows last except in one farm (8.0%).

4. California Mastitis Test (CMT)

Out of the 592 quarter milk samples screened for mastitis (8
samples were omitted due to blind teats) 145 were CMT positive,
giving a prevalence of 24.5%. Between farms, the prevalence of
subclinical mastitis ranged from 15.0 - 61.0%. (Table). Out of the
30 bulk milk samples obtained from 30 herds sampled, 19 (63.0%)
were negative to CMT, Five (16.7 %) were weakly positive and
distinctly positive respectively, while only one (3.3%) was strongly
positive to California mastitis test (Table).

Variables Number of cows Large mechanized Small holder farms | Total (%)
examined farms (n=70) (n =80)

Udder lesions 150 6 21 27(18.0)

Blind teat 150 2 8(5.0)

Udder lump 150 4 11 (7.0)

Soiled thighs 150 25 80 105 (70.0)

Tick-infestation 150 2 8 10 (6.6)

Table 4.1: Clinical Inspection/Cow Characteristics

Variables No. of Farms | Farm management system
Large mechanized Small holder dairy | %
dairy farm (n=4) farm (n=8)
General management
Herd size 12
1<n<5 0
6<n<10 0
n>11 4 100
Number of labourers 12
n<2 0 1 8
n>2 4 7 92
Experience in dairying | 12
0-5 0 0
6-10 1 0
11-15 1 3 34
>16 2 5 58
Grazing 12
Indoor 0 0 0
Outdoor 8 100
Manure disposal 12
Good 33
Poor 67
Record keeping 12
Yes 0 0
No 8 100

Table 4.2: Farm Management Inspection
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Variables No. of Farm management system

Farms Large mechanized Small holder dairy %

dairy farm (n=4) farm (n=8)

Housing 12 0 0 0
floor type
concrete
Earth 4 8 100
Sleeping area for cow 12
Same as feeding 4 8 100
Separate area 0 0 0
Animal tethered while in house | 12
Yes 0 3 25
No 4 5 75
Cleaning procedures
Sanitary practices 12
Good 2 1 25
Poor 2 7 75
Presence of many flies 12
Yes 2 6 67
No 2 2 33
Floor disinfected periodically 12
Yes 0 0 100
No 4 8 100

Table 4.3: Housing condition of the dairy farms

Variables No. of Farm management system
Farms Large mechanized Small holder dairy %
dairy farm (n=4) farm (n=8)
Feeding
Water source 12
Tap 0 0 0
Borehole 4 0 33
Pond 0 8 67
Occurrence of water scarcity 12
Frequent 0 6 50
Rare 4 2 50
Milking procedure
Cows restrained for milking 12
Yes 3 2 42
No 1 6 58
Hand washing 12
Yes 1 0 8
No 3 8 92
Screening for mastitis 12
Yes 4 5 75
No 0 3 25
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Milking techniques 12
Five finger squeezing 0 0
Stripping 8 100
Udder preparation 12
Wash only teats 3 2 42
Wash the whole udder 1 0 8
Udder cloth 12
Single towel 2 17
Separate 0 0
Feed after milking 12
Yes 8 100
No 0 0
Mastitic cow milked last 12
Yes 1 0 8
No 3 8 92
Table 4.4: Other farm management and milking practices
CMT Reactions
Farm magt system/location | Farms No of samples | - aF Sa R >(CMT=>+) | Prevalence (%)
LMDF X1 98 80 6 4 18 18.0
Kaduna X2 60 49 6 3 2 11 18.3
SHDF X3 39 26 13 0 0 13 333
Kaduna X4 40 28 8 4 0 12 30.0
X5 18 7 5 5 1 11 61.0
X6 60 51 4 4 1 9 15.0
SHDF Y1 40 28 6 2 4 12 30.0
Zaria Y2 40 33 5 2 0 7 18.0
Y3 37 17 14 3 3 20 54.0
Y4 40 31 3 3 3 9 23.0
LMDF Y5 80 68 4 7 1 12 15.0
Zaria Y6 40 29 5 3 11 28.0
Total - 592 447 79 44 22 145 24.5
% - - 75.5 13.4 7.4 3.7 24.5
Table 4.9: California mastitis test of quarter milk samples
Key
- = Negative

+ = Weak positive

++ = Distinct positive

+++ = Strong positive

LMDF = Large mechanized dairy farm
SHDF = Small holder dairy farm
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Farm Herd No CMT Scores
- + ++ +++

LMDF X, 5 3 1 1 0
Kaduna X, 3 2 0 1 0
SHDF Kaduna | x, 2 1 1 0 0

X, 2 1 0 1 0

X, 1 0 0 1 0

x, 3 3 0 0 0
SHDF Zaria Y, 2 1 0 0 1

Y, 2 2 0 0 0

Vs 2 1 1 0 0

v, 2 1 1 0 0
LMDF Zaria | y, 4 4 0 0 0

Vs 2 0 1 1 0

Total 30 19(63) 5(16.7) 5(16.7) 1(3.3)
Key: LMDF = Large Mechanized Dairy Farm, SHDF = Small Holder Dairy Farm. No
in brackets represent percentage

Table 4.10: California Mastitis test of bulk milk samples

5. Discussion

Examination of the cows and inspection of the farm premises
revealed the cow characteristics/features and herd management
practices that are risk indicators associated with mastitis e.g Tick
infestation, reported in about 7.0% of the cattle can cause direct
inflammatory reaction to the mammary gland and aggravate
mastitic condition [12]. The dirty and soiled thighs in 70.0% of
the cows coupled with udder lessons resulting from various causes
could lead to increased inflammatory infections with subsequent
increase in mastitis cases. From the farm inspection, the poor
housing condition for the herds coupled with poor waste disposal
system creates an ideal condition for the spread of mastitis causing
microorganisms as reported by similar works on hygienic practices
in farms (Hamadou et al., 2004). Also associated with increased
risk of mastitis is the use of contaminated water for dairying. In
this study, only the large mechanized farms had borehole system
as their water source, the small holder farms depended on wells,
rivers and ponds which were unsafe water sources that could
carry contamination. The use of contaminated water for dairying
activities contributes to an increased risk of subclinical mastitis
[13].

The milking method employed in all the farms (100%) is the hand
milking by tripping of the teat. This technique has the potential
of causing microscopic trauma of the teat epithelium, leading
to greater risk of mastitis. Not only this, the method of milking
practice allows cross contamination. Overall, over 75% of the
farms in this study operate under poor sanitary practices and poor
hygiene as found by lack of hand washing before milking in over
90% of the farms, lack of udder washing before milking, the use
of only a single towel for wiping of udder or lack of use at all and

lack of periodic disinfection of the cow house floor in all (100%)
of the farms. All these may result in increased exposure to and
transmission of mastitic pathogens. The overall prevalence of
mastitis from CMT test in this study was 24.5%. This prevalence
is appreciable and may be attributed to the general low level of
hygiene observed in the clinical and farm inspection. However, this
prevalence is lower compared to 30.5% reported by for traditional
dairy herds in Plateau State and 37.0% by in a study carried out
in Kaduna and Zaria which is the same study area with this study.

The difference could be due to the fact that while the other studies
collected milk from nomadic Fulani herds only, the present study
collected milk from both the traditional small holder farms and
the large mechanized dairy farms, whose hygiene measures were
higher. Also the sample collection for this study was carried out
during the dry season (January to April). This is the period known
to record low prevalence of organisms and also the period during
which the pH of milk tends to be low, which inhibits the growth of
most organisms. However, the result is consistent with the 25.4%
reported by in Aydin, Turkey. The prevalence observed in individual
farms showed the large mechanized dairy farms to have lower
figures than their corresponding small holder dairy farms within
the same sampling area. For instance, is was 18.0% and 18.3% in
Kaduna large mechanized dairy farms but a prevalence of 30.0 —
61.0% was recorded for the small holder farms around Kaduna.
This may be attributable to the fact that the large mechanized dairy
farms adopted better farm management practices compared to
the small holder dairy farms as evidenced in the outcome of farm
inspection. The prevalence of subclinical mastitis observed in the
bulk milk samples, 16.7% and 3.3% were in conformity with the
reported 15.9% of in Czech Republic in bulk tank milk and the

Env Sci Climate Res, 2023

Volume 1 | Issue 1 | 51



3.2% reported among nomadic herds by. The lower detection rate
of mastitis in the bulk milk samples compared to the quarter milk
was probably due to substantial dilution of contaminated milk and
this helped to substantially reduce the likelihood of detection as
reported [14-19].

Conclusion

The clinical inspection of cows and the farm management
inspection exposed a number of demographic information and
farm/herd management practices that are a critical risk factors for
causing mastitis disease in cattle, such as udder lesions, soiled
thighs and ticks infestation in cattle as well as poor sanitary
practices on the farm like dirty housing conditions, contaminated
water sources, hand milking among others. The CMT value was
about 25%, which is quite appreciable and this equally poses a
threat of consumption of mastic milk from consumers and its
attendant consequences.

Recommendations

1. Dairy farmers should be educated by Government Agricultural
Agencies and other stakeholders like Veterinary and Microbiology
experts on the need to improve their level of hygiene in milk
production and handling, through workshops, seminars and so on.
2. Dairy farmers should also be educated on the need to pay greater
attention to mastitis control, by employing veterinary services
in their animal healthcare from time to time, in order to achieve
improved milk yield and quality.

References

1. Rampone, H., Bogni, C., Giraudo, J., & Calzolari, A. (1993).
Identification of staphylococci from bovine milk in Argentina.
Zentralblatt fiir Bakteriologie, 279(4), 537-543.

2. Blood, D. C. Student, V.P, Gay, C.C. (2008).
Sauders Comprehensive Veterinary Dictionary. Third
edition, Saunders Elsevier. P. 1153.

3. Rendos, J.J., Eberhart, RJ. and Kester, EEM (2007).
Microbial ~ Populations of teat and of dairy cows and
bedding materials. Journal of Dairy Science, 158: 1492-1498.

4. Matta Punj, V. (2007). Isolation and identification of
lypolytic ~ psychotropic spore forming bacteria from raw
milk. International Journal of Dairy Technology 52:59-62.

5. Sol, J., Sampimon, O. C., Barkema, H. W., & Schukken, Y. H.
(2000). Factors associated with cure after therapy of clinical
mastitis caused by Staphylococcus aureus. Journal of dairy
science, 83(2), 278-284.

6. Kalorey, D. R., Shanmugam, Y., Kurkure, N. V., Chousalkar,
K. K., & Barbuddhe, S. B. (2007). PCR-based detection of
genes encoding virulence determinants in Staphylococcus
aureus from bovine subclinical mastitis cases. Journal of

Veterinary Science, 8(2), 151-154.

7. Fitzgerald, J. R., Hartigan, P. J., Meaney, W. J., & Smyth, C. J.

(2000). Molecular population and virulence factor analysis of
Staphylococcus aureus from bovine intramammary infection.
Journal of applied microbiology, 88(6), 1028-1037.

8. NMC, (2007). Recommended mastitis control programme

(online) available from: http//www.nm conline.org/docs/
NMC checklist.pdf.

9. Boerema, J. A., Clemens, R., & Brightwell, G. (2006).

Evaluation of molecular methods to determine enterotoxigenic
status and molecular genotype of bovine, ovine, human and
food isolates of Staphylococcus aureus. International Journal
of Food Microbiology, 107(2), 192-201.

10. Jernigan, J. A. (2008). Methicillin-resistant Staphylococcus
aureus colonization among health care personnel in the
emergency department: what does it tell us?. Annals of
emergency medicine, 52(5), 534-536.

11. Landsborough, L and Ann Mc. (2004). Food Microbiology
Laboratory: 87-89.

12. FAO (1999) Manual of Food Quality control, Microbiological
Analysis. Food and Agriculture Organization. Rome. Italy.

13. Schukken, Y. H., Grommers, F. J., Van de Geer, D., Erb, H. N.,
& Brand, A. (1991). Risk factors for clinical mastitis in herds
with a low bulk milk somatic cell count. 2. Risk factors for
Escherichia coli and Staphylococcus aureus. Journal of Dairy
Science, 74(3), 826-832.

14. Bayleyegn, M., Kelay, B., Josef, K. and Goetz, H. (2006).

A cross- sectional study on the prevalence, antimicrobial
susceptibility patterns, and associated bacterial pathogens of
goat mastitis. International Journal of Applied Research in
Veterinary Medicine, 2: 169-176.

15. Erskine, R.J. (2001). Mastitis Control in Dairy Herds. Nature,
10-945.

16. Umoh, V. J., Adesiyun, A. A., & Gomwalk, N. E. (1990).
Seasonal variation, characteristics and Enterotoxin production
by staphylococcal isolates from fermented milk products.
Food microbiology, 7(3), 167-175.

17. Umoh, V.J, Adesiyun, A.A., Gomwalk, N.E. (1990b).
Enterotoxigenicity  of Staphylococci Isolated

18. Schukken, Y. H., Grommers, F. J., Van de Geer, D., Erb, H. N.,
& Brand, A. (1991). Risk factors for clinical mastitis in herds
with a low bulk milk somatic cell count. 2. Risk factors for
Escherichia coli and Staphylococcus aureus. Journal of Dairy
Science, 74(3), 826-832.

19. Stastkova, Z., Karpiskova, S., & Karpiskova, R. (2009).
Occurrence of methicillin-resistant strains of Staphylococcus
aureus at a goat breeding farm. Veterinarni medicina, 54(9),
419-426.

Copyright: ©2023 Umar, A, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

Env Sci Climate Res, 2023

https://opastpublishers.com/

Volume 1 | Issue 1 | 52


mailto:https://www.researchgate.net/profile/Aldo-Calzolari-3/publication/14893110_Identification_of_Staphylococci_from_Bovine_Milk_in_Argentina/links/626682c18cb84a40ac899a8a/Identification-of-Staphylococci-from-Bovine-Milk-in-Argentina.pdf
mailto:https://www.researchgate.net/profile/Aldo-Calzolari-3/publication/14893110_Identification_of_Staphylococci_from_Bovine_Milk_in_Argentina/links/626682c18cb84a40ac899a8a/Identification-of-Staphylococci-from-Bovine-Milk-in-Argentina.pdf
mailto:https://www.researchgate.net/profile/Aldo-Calzolari-3/publication/14893110_Identification_of_Staphylococci_from_Bovine_Milk_in_Argentina/links/626682c18cb84a40ac899a8a/Identification-of-Staphylococci-from-Bovine-Milk-in-Argentina.pdf
https://doi.org/10.3168/jds.S0022-0302(00)74875-2
https://doi.org/10.3168/jds.S0022-0302(00)74875-2
https://doi.org/10.3168/jds.S0022-0302(00)74875-2
https://doi.org/10.3168/jds.S0022-0302(00)74875-2
https://doi.org/10.4142/jvs.2007.8.2.151
https://doi.org/10.4142/jvs.2007.8.2.151
https://doi.org/10.4142/jvs.2007.8.2.151
https://doi.org/10.4142/jvs.2007.8.2.151
https://doi.org/10.4142/jvs.2007.8.2.151
https://doi.org/10.1046/j.1365-2672.2000.01071.x
https://doi.org/10.1046/j.1365-2672.2000.01071.x
https://doi.org/10.1046/j.1365-2672.2000.01071.x
https://doi.org/10.1046/j.1365-2672.2000.01071.x
https://doi.org/10.1016/j.ijfoodmicro.2005.07.008
https://doi.org/10.1016/j.ijfoodmicro.2005.07.008
https://doi.org/10.1016/j.ijfoodmicro.2005.07.008
https://doi.org/10.1016/j.ijfoodmicro.2005.07.008
https://doi.org/10.1016/j.ijfoodmicro.2005.07.008
https://doi.org/10.1016/j.annemergmed.2008.09.001
https://doi.org/10.1016/j.annemergmed.2008.09.001
https://doi.org/10.1016/j.annemergmed.2008.09.001
https://doi.org/10.1016/j.annemergmed.2008.09.001
https://doi.org/10.3168/jds.S0022-0302(91)78231-3
https://doi.org/10.3168/jds.S0022-0302(91)78231-3
https://doi.org/10.3168/jds.S0022-0302(91)78231-3
https://doi.org/10.3168/jds.S0022-0302(91)78231-3
https://doi.org/10.3168/jds.S0022-0302(91)78231-3
https://doi.org/10.1016/0740-0020(90)90023-B
https://doi.org/10.1016/0740-0020(90)90023-B
https://doi.org/10.1016/0740-0020(90)90023-B
https://doi.org/10.1016/0740-0020(90)90023-B
https://doi.org/10.1016/0740-0020(90)90023-B
https://doi.org/10.1016/0740-0020(90)90023-B
https://doi.org/10.1016/0740-0020(90)90023-B
https://doi.org/10.1016/0740-0020(90)90023-B
https://doi.org/10.1016/0740-0020(90)90023-B
https://doi.org/10.17221/88/2009-VETMED
https://doi.org/10.17221/88/2009-VETMED
https://doi.org/10.17221/88/2009-VETMED
https://doi.org/10.17221/88/2009-VETMED

