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Abstract: This study was undertaken from October 2010 to June 2011 to isolate aerobic microorganisms from
mastitic bovine milk and to determine their antimicrobial resistance profiles in and around Gondar town, north
western Ethiopia. The study was conducted using clinical examination, California Mastitis Test (for screening
of subclinical mastitis), microbiological examination and antimicrobial susceptibility testing. A total of 1097 milk
samples collected from 290 local zebu and Holestein-zebu cross breed cows were cultured for microbial
isolation. Fourteen types of bacterial and a fungal species were isolated. Staphylococcus simulans and
Staphylococcus aureus were the leading causes of clinical and subclinical mastitis, respectively. Most isolates
were susceptible to antimicrobial effects of chloramphenicol followed by polymyxin B whereas they were
resistant to that of penicillin G and oxytetracycline. All Candida albicans isolates were resistant to all the
tested antimicrobials. In conclusion, large numbers of microorganisms isolated as causes of mastitis in the
study area and most of them were resistant to one or more of antimicrobials tested; therefore, integrated control
measures and monitoring system was suggested.
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INTRODUCTION Worldwide, mastitis is one of the most important

Mastitis, inflammation of the mammary gland, is a incidence of the disease and its associated production
costly production disease affecting the dairy cattle losses. Moreover, mastitis affects milk quality and has,
industry worldwide [1]. Mastitis may be caused by either therefore, consequences beyond the dairy farm [6]. The
infectious or non-infectious agents. Infectious mastitis loss due to mastitis is associated with reduced milk
results from bacterial, mycotic or algal pathogens [2, 3]. production, treatment cost, increased labor, milk withheld
Non-infectious mastitis is the result of injury, chilling, following treatment, premature culling of animals at an
bruising or rough or improper milking [4]. But it is almost unacceptable age [7] and deteriorating the quality of milk
due to the effect of infection by bacteria or mycotic [6]. Mastitis also presents risks to human health, as
pathogens [3]. A total of about 140 microbial species, consumption of unpasteurized milk contaminated with
subspecies and serovars have been isolated from the bacteria could lead the consumer to acquire zoonotic
bovine mammary gland. Pathogens causing mastitis in infection [8]. Tuberculosis, streptococcal sore throat and
cattle are divided into major pathogens (those that cause brucellosis may spread in this way [5]. Milk containing
clinical mastitis) and minor pathogens (those that antibiotics that is drunk by humans may induce
normally cause subclinical mastitis and less frequently development of bacterial resistance. Therefore, in humans,
clinical mastitis) [5]. in addition to concern about food borne zoonoses caused

diseases in dairy cattle. It is important because of the high
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by mastitic causing organisms, concern has also been become positive by California Mastitis Test (CMT),
raised about the impact of acquired antimicrobial screening test. A cow which had one or more positive
resistance transferred among these organisms which limit quarters by CMT was considered positive for subclinical
therapeutic options both in veterinary and public health mastitis.
practices. In addition, milk contaminated with antibiotics Milk samples were collected from each of clinically
is also unsuitable for cheese or yoghurt production, as and sub clinically mastitic non-blind quarters of the
the antibiotics prevent the fermentation proceeding [8]. selected cows for bacterial isolation. After milking out and

In Ethiopia, mastitis has long been known [9, 10] and discarding the first two drops, about 2ml of milk was
is a serious problem in the dairy industry of the country tested on CMT paddle from each quarter and about 25ml
[10, 11]. In relation to this, various workers reported of milk was aseptically collected from each mastitis
different mastitis causing microorganisms and positive quarter using sterile universal bottle. Then,
antimicrobial resistance of these organisms [11-15]. samples were transported in an ice box to University of
Currently, however, it is difficult to predict which mastitis Gondar Veterinary Microbiology laboratory for
causing organisms decline or rise in importance and their microbiological examination. If immediate inoculation was
antimicrobial resistance profiles. Therefore, this study was not convenient, samples were kept at 4°C until cultured
carried out to give current information regarding bacteria for isolation.
involved in causing mastitis and their antimicrobial
susceptibility profile in north western Ethiopia. Bacterial Isolation and Identification: In the laboratory,

MATERIALS AND METHODS by using Vortex mixer. A loopful of milk was streaked over

Study Design and Sample Collection: This study was aerobically at 37°C and examined for bacterial growth after
conducted on 290 lactating cows (Local Zebu and 24-48hrs of incubation. When there was growth of
Holstein-Zebu crossbred cows) in the period from bacteria, colonies were identified by morphologic features,
October 2010 to June 2011 in North Gondar zone, Ethiopia. Gram staining and biochemical reactions. Also, fungal
History about the udder and quarters was asked. The colonies observed on blood agar after 72hrs were
udder (including its symmetry, size, consistency and identified as described by Quinn et al. [2].
hotness) and milk (including its consistency and color
change) were physically examined. Clinical mastitis was Antimicrobial Sensitivity Testing: The agar disc
diagnosed on the basis of manifestation of visible signs diffusion technique was employed to conduct
of inflammation. A warm and swollen quarter which had antimicrobial susceptibility test (AST) of the identified
pain upon palpation and/or gross changes in milk was organisms according to the CLSI [16]. Four to five well-
considered to have clinical mastitis otherwise chronic isolated colonies grown on nutrient agar were inoculated
mastitis when misshaped, atrophied, hard and fibrotic into tubes containing 5ml of normal saline and incubated
quarters were examined [5]. A quarter was considered sub at 35°C for 4hrs until it achieved 0.5 McFarland turbidity
clinically  affected  when clinical signs are not present but standard.

samples were shaken thoroughly to homogenize uniformly

the surface of 5% sheep blood agar and incubated

Table 1: Antimicrobials and their concentrations used to test susceptibility of isolates 

Zone diameter (mm)
--------------------------------------------------------------------------------------------------

Antimicrobial agent Symbol Conc./disc Resistant Intermediate Susceptible

Penicillin G P 10IU 11 12-21 22
20* 21-28* 29*

Streptomycin S 10 µg 11 12-14 15
Trimethoprim Tr 5µg 10 11-15 16
Oxytetracycline O 30 µg 14 15-18 19
Chloramphenicol C 30 µg 12 13-17 18
Gentamycin CN 10 µg 12 13-14 15
Polymyxin B PB 300IU 8 9-11 12
Methicillin MET 5 µg 9 10-13 14

*= only for Staphylococcus species
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A sterile swab was immersed into each of the dilution RESULTS
suspension, separately swabbed uniformly over the
surface of pre-dried Muller Hinton agar plate (on blood A  total  of  179  isolates  (173 bacteria and 6 fungi)
agar  for  Str. uberis).  Disks  impregnated with known and 11 mixed bacterial colonies were detected. All the
concentrations of antimicrobials were dispensed onto the isolates were contributed by 14 bacterial species and a
surface  of  Muller Hinton agar plates using sterile forceps single  fungal  species,  Candida  albicans. Of the
1.5cm from the edge of the plate 3cm apart, incubated at bacterial isolates, 87.7% (157 of 179) were isolated from
37°C aerobically for 18-24 hours and examined for zones subclinical mastitis while the rest 12.29% (22 of 179) were
of inhibition. The diameters of the zones of inhibition were isolated from clinical mastitis. Of the total isolated
classified as resistant, intermediate, or susceptible bacterial species, S. aureus was the dominant species
according to published interpretive chart [16]. Tested isolated, 18.44% (33 of 179) followed by S. hyicus
antimicrobials, their concentrations in the discs and their accounting for 16.76% (30 of 173) while Serratia
zone of inhibition in deciding susceptibility were given in marcescens  was  the  least   frequently   isolated,   1.68%
Table 1. (3 of 179) (Table 2).

Table 2: Prevalence of bacteria isolated from clinical and subclinical bovine mastitis 
Type of mastitis
---------------------------------------------------------------------------

Isolated species Clinical (%) Subclinical (%) Total (%)
Streptococcus uberis 2 (9.09) 6 (3.82) 8 (4.46)
Staphylococcus aureus 1 (4.55) 32 (20.38) 33 (18.44)
Staphylococcus hyicus 2 (9.09) 28 (17.83) 30 (16.76)
Staphylococcus chromogenes 4 (18.18) 17 (10.82) 21 (11.73)
Staphylococcus warneri - 8 (5.1) 8 (4.46)
Micrococcus species 2 (9.09) 14 (8.91) 16 (8.93)
Klebsiella pneumonia - 8 (5.1) 8 (4.46)
Staphylococcus simulans 6 (27.27) 6 (3.82) 12 (6.70)
Staphylococcus intermedius 2 (9.09) 9 (5.73) 11 (6.14)
Serratia marcescens - 3 (1.91) 3 (1.68)
Proteus mirabilis - 4 (2.55) 4 (2.23)
Staphylococcus epidermidis - 6 (3.82) 6 (3.35)
Candida albicans 2 (9.09) 2 (1.27) 4 (2.23)
Escherichia coli 1 (4.45) 5 (3.18) 6 (3.35)
Bacillus species - 9 (5.73) 9 (5.03)
Total 22 157 179 (100.00)

Table 3: Antimicrobial susceptibility of bacterial and fungal species isolated from bovine mastitis
Isolate No. of tested isolates P S Tr CN C O PB MET Total %
Str. uberis 8 4 (50) 5 (62.5) 8 (100) 8 (100) 8 (100) 6 (75) 8 (100) - 73.44
S. aureus 14 7 (50) 9 (64.3) 6 (42.9) 10 (71.4) 8 (57.1) 4 (28.6) 13 (92.9) 7 (50) 57.14
S. hyicus 14 5 (35.7) 6 (42.9) 12 (85.7) 9 (64.3) 9 (64.3) 7 (50) 11 (78.6) - 52.68
S. chromogenes 10 2 (20) 8 (80) 7 (70) 8 (80) 10 (100) 5 (50) 9 (90) - 61.25
S. warneri 4 0 4 (100) 2 (50) 3 (75) 4 (100) 2 (50) 4 (100) - 59.38
Micrococcus species 12 7 (58.3) 9 (75) 12 (100) 10 (83.3) 12 (100) 6 (50) 10 (83.3) - 68.75
K. pneumoniae 5 0 3 (60) 4 (80) 4 (80) 3 (60) - 2 (40) - 40
S. simulans 6 1 (16.7) 4 (66.7) 5 (83.3) 6 (100) 6 (100) 2 (33.3) 5 (83.3) - 60.42
S. intermedius 6 1 (16.7) 5 (83.3) 4 (66.7) 5 (83.3) 6 (100) 6 (100) 4 (66.7) - 64.58
S. marcescens 2 0 - - - 2 (100) - 2 (100) - 25
P. mirabilis 4 0 1 (25) 1 (25) 4 (100) 4 (100) 2 (50) 4 (100) - 50
S. epidermidis 3 0 2 (66.7) 2 (66.7) 2 (66.7) 3 (100) 2 (66.7) 1 (33.3) - 50
C. albicans 4 0 - - - - - - - -
E. coli 6 0 2 (33.3) 6 (100) 6 (100) 6 (100) 4 (66.7) 6 (100) - 62.5
Bacillus species 9 6 (66.67) 6 (66.67) 8 (88.89) 9 (100) 8 (88.89) 1 (11.11) 9 (100) - 65.28
Total % - 30.84 59.81 71.96 78.50 83.18 43.93 82.24 -
P = Penicillin G, S = Streptomycin, Tr = Trimethoprim, O = Oxytetracycline, C = Chloramphenicol, CN = Gentamycin, PB = Polymyxin B, MET =
Methicillin
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Staphylococcus simulans was the most frequent detected in this study. It is in agreement with the work of
cause of clinical mastitis followed by S. chromogenes; and Nesru [22] who reported the presence of three yeast
S. aureus was the least frequently isolated, while isolates in his study on mastitic milk in Addis Ababa.
Staphylococcus warneri, Klebsiella pneumonia, Serratia Staphylococcus simulans was the most frequently
marcescens, Proteus mirabilis, Staphylococcus isolated  organism   from   clinical   mastitis   followed  by
epidermidis and Bacillus species were not isolated from S. chromogenes, while S. aureus was the least frequently
clinical mastitis. Unlike clinical mastitis, Staphylococcus isolated.  Unlike  clinical  mastitis it was the least
aureus was the predominantly isolated species from frequently isolated one. Staphylococcus aureus was
subclinical mastitis (Table 2). isolated predominantly  from  subclinical  mastitis.  The

In vitro antimicrobial susceptibility test of seven result  of  this  particular  species  is  in  agreement with
commonly used antimicrobial agents was conducted the  work of  Sori et al. [12] and Lakew et al. [19].
against 108 isolates containing all isolated species However, higher isolation rate of S. aureus, 37.5 and
obtained from both clinical and subclinical mastitis. 40.6%,  from  clinical mastitis was reported by
Staphylococcus aureus isolates were additionally tested Gianneechini  et al. [23]  and Hawari and Al-Dabbas [24]
for the effect of methicillin. Of the total tested isolates, in Jordan, respectively.
78.2%  were susceptible to the effects of chloramphenicol In the current work, Candida albicans was resistant
followed by polymyxin B, which was effective against to all the seven tested antimicrobials, which is in
83.18% of the tested isolates. Penicillin G and agreement with the work of Nesru [22]. Streptococcus
oxytetracycline were the least effective drugs, which were uberis was the most susceptible isolate (83.93%) followed
effective against 30.84 and 43.93% of the tested isolates by Micrococcus species (78.57%). This result agrees with
(Table 3). Getahun et al. [11]. The resistance seen in C. albicans is

All tested isolates of C. albicans were resistant to all due to the nature of antibiotic discs (they weren’t
the tested antimicrobials. Also, all tested S. marcescens antifungal) used in this study. Serratia marcescens
isolates were resistant to the effects of penicillin G, showed multiple antimicrobial resistance to the effects of
streptomycin, trimethoprim, oxytetracycline and penicillin, streptomycin, trimethoprim, oxytetracycline and
gentamycin. Str. uberis was the most susceptible isolate gentamycin. However, it was susceptible to the effects of
followed by Micrococcus species, of which 83.9 and chloramphenicol and polymyxin B.
78.6% of the tested isolates were susceptible to the Staphylococcus aureus isolates were 57.14%)
effects of antimicrobials tested, respectively (Table 3). susceptible to the effects of tested antimicrobials. This

DISCUSSION reported 91.7%. Seven of the 14 (50%) S. aureus isolates

In the present study, S. aureus was the dominant indicates decreased susceptibility of the organism to
species isolated from the examined milk samples with different antimicrobial agents from time to time due to
prevalence of 18.44%. Detection of S. aureus at highest inappropriate drug utilization.
frequency in the current study is in line with the work of Different level of susceptibility was observed in
Bitew et al. [17] who reported S. aureus at prevalence of Staphylococci species; Staphylococcus hyicus, S.
20.3% as dominant species of their isolates. It is also in chromogenes, S. simulans, S. epidermidis, S. intermedius
agreement with the work of Kivaria and Noordhuizen [18] and S. warneri with frequency of 52.68, 61.25, 60.42, 50,
in Tanzania and Lakew et al. [19] in Asella, Ethiopia who 64.58 and 59.38%, respectively. Quinn et al. [2] reported
reported S. aureus as dominant species. The possible that Staphylococci species show variable susceptibility
reason for detection of this species of bacteria at high to different antimicrobial discs used in vitro.
prevalence supports its contagious nature that gives the Bacillus species (65.28%) were resistant to
chance to circulate and infect the udder once introduced oxytetracycline and their susceptibility was 66.67, 66.67,
to a heard [20]. 88.89, 88.89, 100 and 100% against penicillin G,

Serratia marcescens was the least frequently isolated streptomycin, trimethoprim, chloramphenicol, gentamycin
organism. This result is in agreement with the work of and polymyxin B, respectively. Getahun et al. [11]
Ruegg et al. [21]. In general, one or more of the isolated reported Bacillus species susceptibility of 25, 75 and 75%
species have been identified and reported by one or more in the order of polymyxin B, streptomycin and
workers in Ethiopia [17, 19, 22]. Candida albicans was oxytetracycline.

percent is lower than that of Abera et al. [14] who

were susceptible to the effects of methicillin. This
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Chloramphenicol was the best (83.18% efficacy) drug 4. Tyler, H.D. and E.M. Ensminger, 2006. Dairy Cattle
against bacterial pathogens followed by polymyxin B Science. 4  ed. New Jersey: Pearson Prentice Hall,
(82.24%),  which  is  in  line with the work of Nesru [22] 213: 465-470.
who reported chloramphenicol as the most effective drug 5. Radostits,  O.M.,  C.G.  Gray,  K.W.  Hinchcliff and
in the panel of antimicrobials in their study. From all P.D. Constable, 2007. Veterinary Medicine: A Text
antimicrobials tested, penicillin G showed its antimicrobial Book of the Disease of Cattle, Horses, Sheep, Pigs
effects against 30.84% of the tested isolates followed by and   Goats.   10  ed.    London:   Saunders  Elsevier,
oxytetracycline (43.93%). In general, the level of 6: 73-749.
resistance was high to the commonly used antimicrobials 6. Hogeveen, H., S. Pyorala, P.K. Waller, S.J. Hogan,
(penicillin G and oxytetracycline). In Ethiopia, particularly T.J.G.M. Lam, P.S. Oliver, H.Y. Schukken, W.H.
in and around Gondar, people have easy access to Barkema and E.J. Hillerton, 2011. Current status and
various antimicrobials and can purchase without future challenges in mastitis research. In: Proceedings
prescription and incomplete treatment courses are of the 50th Annual Meeting of the National Mastitis
common practices. Lack of stringent regulations and Council, 23-26 January, 2011, Arlington, USA.
monitoring in the dispensing and use of antimicrobials in 7. Miller, G.Y., P.C. Barlet, S.E. Lance, J. Andersonand
veterinary establishments and mass inoculation of herds and E.L. Heider, 1993. Cost of Clinical Mastitis and
of animals by some farmers has risen as a contributory Mastitis Prevention in Dairy Herds. J. Amer. Vet.
factor to increase antimicrobial resistance [26]. In Med. Assoc., 202: 1230-1236.
conclusion, the study indicated that mastitis is caused by 8. Phillips, C.J.C., 2001. Principles of Cattle Production.
a number of microorganisms in the study area and large Cambridge: Cabi Publisher, pp: 210-214.
numbers of isolates were resistant to antimicrobials 9. Kerro, D.O. and F. Tareke, 2003. Bovine Mastitis in
tested. Therefore, individuals, governmental and Selected Areas of Southern Ethiopia. Tropical Animal
nongovernmental institutes working on dairy production Health and Prod., 35:197-205.
should give emphasis for control of mastitis. 10. Mungube,   E.O.,      B.A.     Tenhagen,     T.   Kassa,
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