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1. Abstract 
Coagulase-negative staphylococci (CNS) are increasingly isolated from intramammary infections in 

bovine milk samples worldwide. In North West Ethiopia, 150 crossbreed dairy farms were sampled 

and a questionnaire was performed on farm and cow level factors. Out of 1523 samples, 496 samples 

were identified as CNS (33% of quarters). Of this sample set, 102 CNS strains were tested for 

antimicrobial sensitivity using disc diffusion. The strains were most resistant to penicillin (75%), 

tetracycline (31%) and clindamycin (23%). Cefoxitin resistance was 10%, which indicates methicillin 

resistance. Resistance to erythromycin and TMPS was lower with 10% and 6% respectively. 47% of 

strains were resistant to one or more antibiotics. Farms with a history of mastitis and treatment for 

mastitis in the last year had higher odds of resistance to penicillin than other farms. There was also a 

positive correlation between herd size and resistance. This could be because of more use of 

antibiotics on these farms, but that should be further analyzed together with dose and frequency of 

treatment. In conclusion, resistance in CNS isolated from milk samples in Gondar and Bahir Dar area 

is high. Adequate use of antibiotics and more studies on risk factors can help prevent further 

development of antimicrobial resistance.   

Abbreviations 
AMR/S   antimicrobial resistance/sensitivity 

95% CI   95% confidence interval 

CNS   Coagulase-negative staphylococci 

DA   clindamycin 

E   erythromycin 

FOX   cefoxitin 

OR   odds ratio 

P   benzylpenicillin 

SCC   Somatic Cell Count 

SXT   trimethoprim-sulphamethoxazole 

Te   tetracycline  

TMPS   trimethoprim-sulpha combinations 

UoG   University of Gondar 

ZOI   zone of inhibition 
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2. Introduction 
Ethiopia ranks 5th in the world in the number of dairy farms, with around 2.5 million farms on a 

human population of 75 million in 2005. Milk consumption is low compared to other countries, at 

less than 30 kg per head per year. It is however expected that increasing income levels, population 

growth and urbanization will stimulate the demand for dairy products (Knips, 2005). Mekonnen et al 

(2006) state that the future milk production in Ethiopia has to increase 4% per year to meet the 

demand. It is expected that the increasing demand for dairy products to urban centers will rely 

mainly on smallholder dairy farms. More than 50% of smallholder dairy farms are less than 6 years 

old, indicating dairy farming is an upcoming business. Both economic analysis and the perception of 

farmers indicated mastitis as a major health constraint in dairy farming in Ethiopia. (Mekonnen et al, 

2006) 

Mastitis in Ethiopia 
Several studies on the prevalence of mastitis in Ethiopia have been done. In the southern regions 

prevalences have been reported in a wide range from 30-61% at quarter level. (Abebe et al, 2010; 

Dego et al, 2003; Lakew et al, 2009; Tolosa et al, 2013 and 2015). In the central region studies report 

a quarter prevalence of subclinical mastitis between 10% and 43% (Getahun et al, 2008; Tesfaye et 

al, 2010). In the north, where also this study was performed, prevalences of 15% and 18% were 

reported by Almaw et al (2008) and Haftu et al (2012). The preliminary data of this research revealed 

a prevalence of subclinical mastitis of 39% on quarter level.   

Staphylococci often cause intramammary infections in Ethiopia. S. aureus was isolated from 11% and 

29% of clinical cases and 20% to 43% of subclinical cases. (Haftu et al, 2012; Lakew et al, 2009; 

Mekonnen et al, 2005) These studies found coagulase-negative staphylococci (CNS) in 4%-8% of 

clinical and 10%-24% of subclinical cases. CNS species were most frequently isolated from samples 

from intramammary infections by Tolosa et al (2013) and Almaw et al (2008), with a very high 

prevalence of 75% resp. 50%.  

Also in Europe, CNS are increasingly found in bovine milk samples. In The Netherlands for example, 

the number of CNS isolates in milk samples of cows with subclinical mastitis increased from 16% 

(1999) to 42% (2004) (Sampimon et al, 2007). Other studies in Belgium, Poland, Germany and 

England show prevalences of CNS between 15% and 47% in subclinical mastitis and between 14% 

and 16% in clinical mastitis (Piepers et al, 2007; Sztachanska et al, 2016; Tenhagen et al, 2006; 

Bradley et al, 2007). 

It is difficult to compare the findings between studies, because of varying definitions of (sub)clinical 

mastitis, sample selection and study design. It seems however clear that the prevalence of 

intramammary infections caused by CNS is increasing and CNS are regarded as the main causative 

agent of subclinical mastitis on dairy farms that have controlled major pathogens. (Schukken et al, 

2009)   

 

CNS and mastitis 
Coagulase-negative staphylococci are a large group of bacteria consisting of 40 different species and 

subspecies of which at least 24 have been cultured from bovine milk (Vanderhaeghen et al, 2015). 

The most commonly isolated species differ between countries and herds, but overall the following 

species are most frequently isolated: S. chromogenes, S. simulans, S. xylosus, S. haemolyticus and S. 

epidermidis (Supré et al, 2011; Raspanti et al, 2016; Schmidt et al, 2015). CNS mainly cause subclinical 

mastitis, but reports are available on CNS causing severe clinical signs, even up to 50% of CNS 

intramammary infections. (Jarp et al, 1991; Taponen et al, 2006) 
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CNS infected cows have a slight increase in somatic cell count (SCC) compared to cows infected with 

major pathogens (Schukken et al, 2009). Intramammary infection caused by CNS species can 

however increase somatic cell count (SCC) up to 1.277.000 cells/ml, with an estimated effect of 

475.000 cells/ml (Djabri et al, 2002). Certain CNS species (S. chromogenes, S. simulans and S. xylosus) 

could cause similar SCC levels as S. aureus. (Schukken et al, 2009) S. chromogenes caused an average 

of 226.000 cells/ml where S. xylosus had an average of 85.000 cells/ml. (Supré et al, 2011) Despite 

the slight or more significant increases in SCC there is not much evidence for substantial milk losses 

due to CNS intramammary infection (Schukken et al, 2009; Tomazi et al, 2015; Hertl et al, 2014), 

though some challenge experiments were able to show a reduction in milk yield (Piccart et al, 2015; 

Simojoki et al, 2009).  

 

Antimicrobial sensitivity 
Antimicrobial resistance (AMR) is a global problem and a threat to both veterinary and public health. 

The reduced sensitivity of bacteria threatens the effective prevention and treatment of infection and 

increases morbidity and mortality in common bacterial infections (WHO, 2014; Klevens et al, 2007). 

There are indications that the use of antibiotics stimulates the selection for resistance genes in 

bacteria (Thomas et al, 2015; Rolain et al, 2013). It has also been found that reducing the use of 

antimicrobials reduces resistance in certain bacterial strains (Seppälä et al, 1997). In the dairy sector 

worldwide, mastitis is an important indication for antimicrobial treatment and thereby a risk factor 

for developing resistance (Oliver and Murinda, 2012; MARAN, 2005). 

A study in the Netherlands found that that CNS were more often resistant to all tested antimicrobials 

compared to S. aureus (MARAN, 2007). Other studies in Finland, Portugal and Switzerland conclude 

the same and also that CNS develop more often multiresistance (Corti et al, 2003; Nunes et al, 2007; 

Taponen et al, 2009). In general, most European studies report high resistance of CNS to penicillin, 

erythromycin and clindamycin. (Taponen et al, 2016; Moser et al, 2013; Persson et al, 2011; Kalmus 

et al, 2011)  

Only three studies investigated antimicrobial sensitivity in coagulase-negative staphylococci in 

Ethiopia. Haftu et al (2012) studied sensitivity of 9 CNS strains against 6 antimicrobials in Mekelle, 

Northern Ethiopia. Getahun et al (2008) studied antimicrobial sensitivity against 8 antimicrobials in 

Selale, central Ethiopia on 24 strains of S. epidermidis. Mekonnen et al (2005) studied 15 strains of 

CNS against 6 antimicrobials on three government dairy farms around Debre Zeit, central Ethiopia.  

Haftu et al (2012) found very high resistance levels against clindamycin, erythromycin and TMPS 

(67%). Getahun et al (2008) found high penicillin (47%) and tetracycline (31%) resistance. Mekonnen 

et al (2005) also found high resistance to erythromycin (60%) and tetracycline (80%). 

  

It is relevant to study the antimicrobial sensitivity of CNS species for several reasons. Firstly, as CNS 

are an increasingly important mastitis pathogen, it is important to know antimicrobial sensitivity to 

make therapy decisions and adjust guidelines for treatment of eg. clinical mastitis cases and 

persistent infections (Sawant et al, 2009; Taponen et al, 2006). Resistant CNS strains are a direct 

concern for animal health, but also a zoonotic risk, especially in countries were human-livestock 

contact is intense (Mekonnen et al, 2006). Furthermore, it is known that resistance genes like the 

SCCmec cassette encoding for methicillin resistance can cross-over to other staphylococci, for 

example S. aureus (MRSA) and S. epidermidis (MRSE). In this way CNS can act as a reservoir for 

resistance with consequences for both animal and public health. (Leonard et al, 2011; Holmes and 

Zadoks, 2011; Schoenfelder et al, 2016)  
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Studies looking for risk factors of antimicrobial resistance are rare. Rajala-Schultz et al (2009) found a 

correlation between increasing age of cow, dry cow treatment and positive clinical mastitis history 

and antimicrobial resistance. Clinical mastitis history is usually correlated to a higher resistance than 

subclinical isolates. (Bansal et al, 2015) Some studies have been done on differences in resistance 

patterns on organic and conventional farms (Pol and Ruegg, 2007; Roesch et al, 2006). No studies 

have been found on correlations between other farm characteristics and resistance, or more detailed 

factors on cow level. No studies on risk factors for AMR in bovine milk samples have been done in 

Ethiopia. Knowledge about risk factors for antimicrobial resistance is important to reduce and 

prevent resistance.  

 

Considering the high prevalence of CNS in intramammary infections worldwide, the need to know 

resistance patterns of mastitis pathogens and risk factors for AMR and the lack of studies on this 

topics in Ethiopia, the objectives of this study are as follows:   

 

  

To assess 1) the antimicrobial sensitivity of CNS strains isolated from bovine milk samples of in 

Gondar and Bahir Dar area, Ethiopia and 2) to search for risk factors for antimicrobial resistance at 

cow and farm level.  
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3. Materials and Methods 
CNS samples identified in the course of a cross sectional study in Gondar and Bahir Dar area, Ethiopia 

from October 2014 to June 2015 were used. Among these were also samples taken at the farm of 

University of Gondar (UoG). For the study 150 dairy farms were randomly selected and visited for 

sampling and performing questionnaires. Quarters of each lactating cow in each herd were screened 

for mastitis by clinical examination and California mastitis test (CMT) at the time of sampling. 

Samples were taken from all quarters, independent of CMT or mastitis status. 

Milk samples were stored in an icebox containing ice pack and frozen at -20°C until further 

processing. After thawing, the milk was inoculated on sheep blood agar, incubated aerobically at 

37°C and examined for bacterial growth after 24hrs of incubation. The culture was considered 

negative if no growth occurred after 24 hours of incubation. When growth occurred, primary 

identification was done based on colony size, shape, color, hemolytic characteristics, Gram staining 

and catalase production. Biochemical tests were performed after subculturing an isolated colony on 

nutrient agar. Isolates were prepared by subculturing a single colony on nutrient agar for 24 hours. 

Then a large quantity of culture was put into tryptone soy broth with 15% glycerol (Oxoid, 

Basingstoke UK). This was mixed by vortex and stored at -20°C.  

 

The questionnaire focused on herd level variables and cow level variables. Herd level variables were 

eg. level of education of the farmer, farming experience, number of milking herd, membership to 

dairy association, dairy management training, role of advisors, stall type, bedding, history of mastitis 

in last year, treatment, milking method, deworming and vaccination. The cow level variables were eg. 

mastitis and treatment history, pregnancy, history of lameness, daily milk yield, days in milk (DIM), 

parity, body condition and common dairy health problems (dystocia, retained placenta, 

hypocalcemia, ketosis and abortion).  

Culturing of isolates 
From the 150 sampled farms, a total of 1523 samples were collected. Out of these, 496 samples were 

identified as CNS (33% of quarters). Because of limited research materials, 187 of these isolates (80 

Gondar, 51 Bahir Dar and 56 UoG farm) were randomly selected and used for the current study. 63 

samples had one or more double ZOI and were excluded from the sample set. 124 samples remained, 

of which 102 samples (37 Gondar, 31 Bahir Dar, 34 UoG farm) had data from the questionnaires and 

were used for further analysis. The isolates were regrown aerobically on nutrient agar (Oxoid, 

Basingstoke UK) for 24hrs at 37°C. When insufficient growth was recorded after 24h, samples were 

incubated for another 24h. All cultures with growth of two types of colonies were tested for catalase 

and coagulase to confirm colonies were CNS. Cultures with three or more types of colonies were 

considered contaminated and excluded from further analysis.  

 

Antimicrobial susceptibility testing 
The disk diffusion method as stated by the European Committee on Antimicrobial Susceptibility 

Testing (EUCAST) was used. (EUCAST, 2015) From an overnight growth on nutrient agar, some 

separate colonies were suspended in a sterile 0.85% NaCl solution to a 0.5 McFarland solution.  

This was done by visual comparing with a 0.5 McFarland turbidity standard. With a sterile cotton 

swab the solution was inoculated semiconfluently on a Mueller Hinton plate (Oxoid, Basingstoke UK). 

Discs were then placed on the Mueller Hinton agar by using a dispenser (Oxoid). Clindamycin and 

erythromycin discs were placed adjacently in the dispenser to test for macrolide inducible 

clindamycin resistance. In this way, discs were placed about 15 mm apart, which is in line with the 

EUCAST advice to place discs 12-20 mm apart (EUCAST, 2015) 
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The following antibiotic discs (Oxoid, Basingstoke UK) were used: 

 P:   Penicillin G 1 unit (CT0152) in combination with Nitrofecin disk (R211667) 

 FOX:  Cefoxitin 30 ug (CT0119) 

 DA:  Clindamycin 2 ug (CT0064) 

 E:   Erythromycin 15 ug (CT0020) 

 Te:   Tetracyclin 30 ug (CT0054) 

 SXT:  Trimetoprim/sulphametoxazole 1:19 (co-trimoxazole) 1,25/23,75 ug (CT0052) 

These antibiotic discs were selected as recommended to determine resistance patterns in veterinary 

important staphylococci by the EUCAST guidelines (EUCAST, 2015). 

Interpretation of results 
After 16-24h of incubation at 35°C, zones of inhibition were measured by using a caliper. Zone 

diameters were measured from the back above a dark background in a bright environment to the 

closest millimeter. Separate colonies within the distinct zone of inhibition were ignored. Zone 

diameters were compared to the EUCAST criteria for disc diffusion (EUCAST, 2016). The breakpoints 

for the used antibiotic discs are as follows: 

Antibiotic Disc content Susceptible Resistant 

P: Benzylpenicillin 1 unit ≥26* <26* 

FOX: Cefoxitin 30 µg ≥25 <25 

DA: Clindamycin 2 µg ≥22 <19 

E: Erythromycin 15 µg ≥21 <18 

Te: Tetracyclin 30 µg ≥22 <19 

SXT: Trimetoprim/sulfamethoxazole 1,25 – 23,75 µg ≥17 <14 
* No reliable method is available for detecting penicillinase production in CNS; breakpoints for S. aureus and S. 

lugdenensis have been used in this research.  

Besides the diameter of the zone of inhibition (ZOI) there were three outcomes possible for each 

antibiotic: Susceptible (SENS), Resistant (RES) and Intermediate (INT; only for DA, E, Te and SXT). The 

ZOI diameter was only used to analyze if certain diameters were more frequent than others in 

histograms. Further analysis was done with SENS, RES and INT outcomes. 

 

Samples with one or more diameter zones missing, because of failing to dispend the disk (blockade in 

the disk dispenser) or antibiotic disc tilted on the side, were excluded from further analyses. Also 

excluded were samples with growth of differently shaped or colored colonies (contamination) and 

samples with no semiconfluent growth. Strains with a double zone of inhibition were still interpreted 

for further analysis of the cause of the double ZOI. In scattterplots it was analyzed if certain 

combinations of double ZOI were found more often than others. 

 

For the interpretation of results, the EUCAST expert rules in microbial susceptibility testing were used 

(Leclerq et al, 2013) as following: 

 If strains were resistant to cefoxitin (mecA-gene indicator), they were reported as resistant 

to all beta-lactams except those specifically licensed to treat infections caused by methicillin-

resistant staphylococci. If resistant to cefoxitin strains were also reported resistant to 

carbapenems and cephalosporins.  

 If resistant to penicillin G or if beta-lactamase is detected (by nitrofecin test), they were 

reported resistant to all penicillins, regardless of MIC, except the isoxazolyl-penicillins 

(oxacillin, cefoxitin) and combinations with beta-lactamase inhibitors.  
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 If susceptible, intermediate or resistant to erythromycin, then report the same category of 

susceptibility to azithromycin, clarithromycin and roxithromycin.  

 If resistant to erythromycin but susceptible to clindamycin, then test for macrolide-

lincosamide-streptogramin B (MLSb) resistance (D-test). If positive, then report as resistant 

to clindamycin. 

 If resistant to erythromycin strains were also reported resistant to azithromycin, 

clarithromycin and roxithromycin.  

Statistical analysis 
Descriptive statistics and statistical analysis was done in IBM SPSS Statistics 22.0. Correlations 

between resistances against two or more antibiotics (multiresistance) were searched through Chi-

squared test. Differences in resistance pattern between herd and cow level factors from the 

questionnaires were tested for statistical significance using the Chi-squared test. Outcomes were 

reported as significant when P<0.05. Associations were quantified using the odds ratio and 95% 

confidence interval. When more than two covariate variables were present logistic regression was 

used to determine the odds ratio.    
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4. Results 
 

The dataset of 102 samples was taken from 67 different cows from 40 different farms of Gondar area 

(37), Bahir Dar area (31) and the UoG farm (34). There were no CNS samples of quarters with clinical 

mastitis. Farms had on average 35 cows (range 2 – 80) and 31% had ≤6 cows (32 farms).  

Resistance data 
Figure 1 shows the percentage of resistance per area. Overall, especially the amount of resistance for 

penicillin and tetracycline is high with 75% and 31% respectively. Overall cefoxitin resistance is 10%. 

Between the areas there appear to be some differences, for example in Gondar area, penicillin and 

erythromycin resistance seems lower compared to the other areas, whereas Bahir Dar has high 

tetracycline resistance and the UoG farm high penicillin resistance. However, only in tetracycline 

significant differences were found between the study areas (p=0.007). 

 

Figure 1. Resistance (%) per antibiotic disk per area. P: benzylpenicillin; FOX: cefoxitin, DA: clindamycin; E: 

erythromycin; Te: tetracycline, SXT: trimethoprim-sulphamethoxazole. 

 

Histograms of diameters of zones of inhibitions were made (Appendix 1) to analyze their distribution. 

Several peaks can be seen in for example the chart of tetracycline (figure 2), but they are not 

centered on the cut-off value.  

 
Figure 2. Histogram of ZOI of tetracycline.   
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Multiresistance 
Of all samples 48 (47%) were resistant to one or more antibiotics and 6 samples (6%) were resistant 

to two or more antibiotics. No samples were panresistant, 12% of samples were pansusceptible. 

Table 1 shows which combinations of antibiotic resistance were found frequently. For example, all 

cefoxitin resistant strains were also resistant to penicillin (p<0.05). A high concordance between 

tetracycline and penicillin (81%) and cefoxitin and erythromycin (88%) was found.    

Table 1. Frequency of multiresistance between antibiotic discs. 

 P FOX DA  E  TE SXT TOTAL 

P X 10 (13%) a 12 (16%) a 1 (1%) 26 (34%) 6 (8%) 76 (100%) 

FOX 10 
(100%)a 

X 5 (50%) a 7 (70%) 1 (10%) 1 (10%) 10 (100%) 

DA 12 
(71%) a 

5 (29%) a X 3 (18%) 3 (18%) 1 (6%) 17 (100%) 

E 1 (13%) 7 (88%) 3 (38%) X 4 (50%) 0 (0%) 8 (100%) 

TE 26 
(81%) 

1 (3%) 3 (9%) 4 (13%) X 1 (3%) 32 (100%) 

SXT 6 
(100%) 

1 (17%) 1 (17%) 0 (0%) 1 (17%) X 6 (100%) 

a Significance (p<0.05) P: benzylpenicillin; FOX: cefoxitin, DA: clindamycin; E: erythromycin; Te: tetracycline, 

SXT: trimethoprim-sulphamethoxazole 

Correlations 
Thirteen correlations were found between factors from the questionnaire and resistance against 

penicillin. No correlations were found with resistance against the other antibiotic discs. A herd size 

smaller than 6 cows had lower odds of resistance to penicillin which is in line with lower odds of 

resistance in farms with less than 3 lactating cows. Farms with a veterinarian or dairy management 

training had higher odds of resistance to penicillin compared to farms without a vet or training. 

Checking for mastitis, experience of mastitis in the last year and treatment history for mastitis were 

more prone to resistance to penicillin. All significant correlations and their ORs are shown in table 2.  

Table 2. Correlations between questionnaire factors and penicillin resistance.  

Factor P-value  Odds Ratio 95% confidence interval 

Herd size 0,001 4,7 (>6 vs ≤6) 1,8 – 12,5  
Number of lactating cows 0,002 4,4 (>3 vs ≤3) 1,7 – 11,1 
Dairy management training by 
government / NGO 

0,011 3,3 (yes vs no) 1,3 – 8,3 

Presence of veterinarian 0,000 7,14 (yes vs no) 2,5 - 20 
Tick infestation present 0,038 2,77 (no vs yes) 1,04-7,38 
Use of deworming 0,048 3,5 (yes vs no) 1,0 – 12,5  
Washing the stall 0,005 3,7 (yes vs no) 1,4 – 9,1  
Experience of mastitis on farm 
in last one year 

0,000 7,7 (yes vs no) 2,8 – 20  

Treatment history for mastitis 
on farm 

0,027 3,7 (yes vs no) 1 – 14,3  

Checking for mastitis 0,05 10 (yes vs no) 0,97 – 100  
Repeated mastitis infection 0,007 3,6 (yes vs no) 1,41 – 9,1  
Frequency of repeated mastitis 
infection  

0,014 6,2 (>3x vs 2x) 1,45 – 25  

Milking mastitis quarters 0,045 2,9 (yes vs no) 1 – 8,3  
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Double zones of inhibition  
During interpretation 120 double zones of inhibition (at 63 samples) were found out of a total of 

1.122 zones (11%). These double ZOI were evenly distributed over different antibiotic discs, ranging 

from 7-13% per disk. In the university farm 4% of the zones had a double zone of inhibition, in Bahir 

Dar 10% and in Gondar 20%.     

In 40% of the cases the different zones of inhibition had no consequences for reporting a strain 

resistant, intermediate or sensitive, and in 60% it made a difference in outcome. When a double ZOI 

made no difference in outcome, the sample was still used for analysis. In the scatterplots (Appendix 

2) of the double ZOI no cluster formation was found. As an example, figure 3 shows the scatterplots 

of erythromycin and tetracycline. 

 

Figure 3. Scatterplots of both double ZOI of erythromycin and tetracycline.  
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5. Discussion 
 

The objectives of this study were to assess antimicrobial sensitivity of CNS from bovine milk samples 

and find correlations between management practices, individual cow factors and resistance patterns.  

 

Interpretation and comparison with other studies 
Table 3 summarizes results from studies that investigated phenotypic resistance of CNS isolated from 

bovine milk samples as compared to the findings in the current study. When studies investigated 

antimicrobial sensitivity of CNS on species level, the total sensitivity of all tested CNS species was 

used in this table (Taponen et al, 2016; Sampimon et al, 2011). Getahun et al (2008) studied AMS of 

S. epidermidis as only CNS species, but was still included in the comparison because of the limited 

information on AMS of CNS in Ethiopia.  

Table 3. Comparison of phenotypic AMS results of CNS isolated from bovine milk samples. 

Study Country Sample 
size 

P FOX OX DA E Te SXT 

Rajala-Schultz et al, 2009 USA 460 22%    20% 18%  

Sawant et al, 2009 USA 168     8%   

Pol and Ruegg, 2007 USA 294 15%   2% 16% 13%  

Ruegg et al, 2015 USA 51 10%*  2%*   84%* 28%  

Sampimon et al, 2011 Netherlands 170 30%  28%*  7% 11%  

Piessens et al, 2012 Belgium 82     23%   

Botrel et al, 2010 Germany 417 35% 3%   11% 7%  

Roesch et al, 2006 Switzerland 158 40%   5% 3%  1%*  

Moser et al, 2013 Switzerland 120 39% 6%   5%   

Bal et al, 2010 Turkey 100 58%   14% 20% 14%  

Taponen et al, 2016 Finland 68 37% 7% 9% 4% 0% 13%  

Pitkälä et al, 2004 Finland 335 32%  10% 0% 5% 9% 2% 

Bengtsson et al, 2009 Sweden 56 13%    4% 5% 7% 

Persson et al, 2011 Sweden 95 37%    2% 1%*  

Kalmus et al, 2011 Estonia 80 34%   18% 15% 12% 3% 

Raspanti et al, 2016 Argentina 219 52%    29% 30%  

Gentilini et al, 2002 Argentina 123 28%    6%   

Schmidt et al, 2015 SA 102 37% 0%*  0%* 0%* 9% 1%* 

Bansal et al, 2015 India 58 76%*       

Kudinha and Simango, 
2002 

Zimbabwe 131 8%    0%* 18%  

Mekonnen et al, 2005 Ethiopia 15     60% 80%*  

Haftu et al, 2012 Ethiopia 9    67%* 67%  67%* 

Getahun et al, 2008 Ethiopia 24 47%   5%  24%  

 AVERAGE 145 34% 4% 12% 13% 18% 17% 16% 

Maat and Overvliet, 2016 Ethiopia 102 75% 10%*   23% 10% 31% 6% 

P: benzylpenicillin; FOX: cefoxitin, OX: oxacillin, DA: clindamycin; E: erythromycin; Te: tetracycline, SXT: 

trimethoprim-sulphamethoxazole 

* Highest or lowest value found 
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Most European studies find high resistance of CNS to penicillin, erythromycin and clindamycin 

(Taponen et al, 2016; Moser et al, 2013; Persson et al, 2011; Kalmus et al, 2011). Resistance against 

penicillin (75%) and clindamycin (23%) is in this study also in the high range and above the average of 

studies found. In clindamycin, only the study of Haftu et al (2012) found higher AMR but this study 

had a limited samples size of 9 (6 resistant strains). Compared with Getahun et al (2008), equally high 

resistance to tetracycline and a higher penicillin resistance (47% vs 75%) was found. Tetracycline 

(80%) and erythromycin (60%) was found very high in Mekonnen et al (2005) with 15 samples. This 

study found AMR on the low side of the range of reported data regarding to erythromycin and TMPS.  

 

The resistance percentage of cefoxitin (10%) is higher in this study than in other published data. An 

overall cefoxitin resistance of 10% is worrying because of the indicator function for methicillin 

resistance and the mecA gene. In other studies, instead of cefoxitin oxacillin was used. It was found 

that phenotypic AMS testing with oxacillin can lead to both an under- and overestimation of the 

presence of the mecA gene. (Sampimon et al, 2011; Moon et al, 2007; Cauwelier et al, 2004) Recent 

guidelines therefore advice the use of cefoxitin (EUCAST, 2016). Thus, the oxacillin results have to be 

interpret with care.  

 

Table 3 shows that a wide range of AMR of CNS has been found worldwide. This can be explained by 

a different history of samples, for example sampled animals, subclinical versus clinical samples and 

differences in CMT or SCC cut-off value. Also, it is known that prevalence of CNS species differs on 

country and herd level and that different CNS species have different resistance patterns. For 

example, resistance to some antimicrobials is more common in S. epidermidis and S. chromogenes. 

(Taponen et al, 2016; Sampimon et al, 2011; Sawant et al, 2009) It would therefore be interesting to 

have more studies testing AMS on CNS species level. Also different methods of AMS testing and 

breakpoints can explain varying resistance data. (Rajala-Schultz et al, 2009)  

This makes comparing and interpretation of studies difficult. However, it seems that the results from 

this study are in general on the high side of what has been found before. This is supported by the fact 

that almost half (47%) of the samples were resistant to one or more antibiotics, and 6% to two or 

more. This is higher than found in studies in The Netherlands, Finland and Sweden. Pansusceptibility 

in this study was 12%, where in Finland this was 32% and in The Netherlands even 49%. (Taponen et 

al, 2016; Sampimon et al, 2011; Bengtsson et al, 2009; Waller et al, 2011) The prevalent 

combinations of multiresistance found in this study (penicillin and tetracyclin, 81% and cefoxitin and 

erythromycin, 88%) were not found in other studies. The 100% multiresistance between cefoxitin 

and penicillin was expected from the interpretation guidelines. (Leclerq, 2013) 

Risk factors for resistance 
The second objective in this study was to search for associations between cow and farm factors from 

the questionnaires and resistance against antibiotics, as information on this is limited.  

Cow factors 

Instead of age of cow, parity was recorded in this study. No correlation between parity and 

resistance was found, as opposed by Rajala-Schultz et al (2009). This could be because fertility is a 

problem in dairy farms in Ethiopia and parity and age are probably less correlated than in eg. the USA 

due to long intercalving time. (Mekonnen et al, 2006) No CNS samples were isolated of cows with 

clinical mastitis, so this correlation could not be assessed. Dry cow treatment was positively 

correlated with resistance development (Rajala-Schultz, 2009) and also in the current study, 

treatment history for mastitis was correlated with higher penicillin resistance odds (3.7). 
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If a farm had had mastitis in the last year and repeated mastitis infections they had higher odds to 

develop resistance (7.7 and 3.6). In this cases the 95% CI was also wide (1.45 – 25 resp 2.8 – 20) 

which indicates that the correlation is not very strong. The same was found for checking for mastitis, 

with an OR of 10 and a very wide 95% CI of 0.97-100. When mastitis quarters were milked, there 

were higher odds for resistance (2.9).  

Farm factors 

Correlations were found between herd size and number of lactating cows and resistance. Farms with 

more than 6 cows and more than 3 lactating cows had higher odds for penicillin resistance (4.7 and 

4.4). This could be because large scale farms have more financial means to treat cows with 

antibiotics, which is a hypothetic reason for developing antimicrobial resistance (Rolain et al, 2013; 

Thomas et al, 2015).However, this has to be confirmed with the Ethiopian situation. Along the same 

lines, farms where a veterinarian was present had higher odds (7.14) of developing resistance. This 

factor was however not a clear factor, because some farmers would answer that they had a vet when 

they asked advice from one regularly, and others when they asked one eg. once a year. 53 farmers 

answered yes on this question and 49 famers no. The 95% confidence interval was wide on this 

correlation (2.5 – 20) which makes the correlation weak. Paradoxically, farmers with a dairy 

management training were more likely to have resistance on their farm (3.3). This could be because 

those farmers know the possibilities for treating mastitis with antibiotics and use it more often to 

treat their cows. No correlation was found between education level and resistance.  

Paradoxically, washing the stall regularly and deworming gave higher odds for resistance (3.7 resp. 

3.5), though they would be regarded as good management practices. Another interesting correlation 

was between tick infestation and resistance, where tick infestation lead to lower resistance (2.77). It 

could be that there is a relation between the use of antiparasitics and resistance development, but 

no studies on this have been found.  

Explanation of correlations 

All these correlations could be explained by the chance of treating animals with antibiotics and 

therefore selecting for resistance genes. However, no correlation was found between treatment for 

lameness and resistance, although lameness could also be treated with antibiotics. Also, outcomes 

field studies on the relation between antibiotic use on farms and resistance development are not 

consistent (Roesch et al, 2006; Pol and Ruegg et al, 2007). More studies between the frequency and 

dosage of antibiotics and development of resistance should be done, instead of the indirect factors 

as incidence of mastitis or treatment of mastitis in the last year. From personal communications with 

veterinarians and farmers, it is expected that antibiotic treatment is not always done adequately (low 

dose, short treatment period), which should also be investigated more. For some correlations, eg. 

tick infestation and deworming, no explanation for a causal connection has been found.  

Only correlations were found with certain factors and penicillin resistance, not for the other 

antibiotics tested. This is probably because penicillin has by far the highest resistance rate (75%), 

which gives a higher power to find a correlation.  

Discussion of methods 
In this study the disc diffusion method was used for antimicrobial sensitivity testing. This method has 

been criticized for detecting methicillin-resistance in CNS because of a large number of false-negative 

results by Martin and Cunha, 2007. Also, cefoxitin resistance was relatively high (10%) and disc 

diffusion would only underestimate the problem. Also, EUCAST (2016) states that disk diffusion is 

more reliable than MIC determination for detection of penicillinase producers, which is one of the 

most important mechanisms of resistance for staphylococci.  
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Disc diffusion is suitable for most bacterial pathogens, many antimicrobial agents can be tested and it 

requires no special materials so is also suitable for analysis in labs with limited equipment. 

(Matuschek et al, 2014; EUCAST, 2015) 

 

The limited availability for veterinary relevant pathogens is a problem. For CNS species there is no 

breakpoint for resistance against benzylpenicillin, as there is no reliable method to detect 

penicillinase production in CNS currently. (EUCAST, 2016) To solve this, the breakpoints for S. aureus 

and S. lugdenensis were used (<26mm) which is not very accurate. For cefoxitin the breakpoint of 

25mm for CNS species other than S. lugdenensis and S. saprophyticus was used. Both species have 

been found in milk samples before, though rarely. (Bochniarz et al, 2014) Chromogenic 

cephalosporin-based beta-lactamase tests (nitrofecin disks) do not reliably detect penicillinase in 

staphylococci. It is however not known if this would give an over- or underestimation of the 

resistance. (EUCAST, 2016) 

It was considered to test for resistance against streptomycin, as this is a drug often used in the 

treatment of mastitis in Ethiopia. However, no breakpoints are available for the combination of 

streptomycin and staphylococci. It was also considered to test for vancomycin resistance, but 

because of the low prevalence of strains resistant against this compound and because of limited 

space for discs on the petri dishes it was decided to leave vancomycin out for this study (EUCAST, 

2016).  

 

Double zones of inhibition  
Double zones of inhibition can have different causes, of which the most important one is 

contamination. In this study contamination could also be in the isolates with more than one 

subspecies of CNS, as different CNS species have different resistance patterns. (Sampimon, 2009; 

Vanderhaeghen, 2015) In the case of cefoxitin, clindamycin and erythromycin heterogeneous 

resistance has been described in staphylococci indicating a resistant subpopulation (Hosbul et al, 

2013; Antunes et al, 2007). Also, some antibiotic-bacteria combinations can give double ZOI in 

susceptible strains, but this has not been reported in staphylococci (Matuschek et al, 2014). 

The spread between zones of inhibition per antibiotic disc in the scatterplots was very wide. In 

Gondar area (the samples tested in January) the amount of double ZOI were higher (20%) than in 

Bahir Dar (10%) and the UoG farm (4%). This could indicate that contamination mostly happened in 

the beginning of the study. No other cluster forming of double ZOI have been found in batches of 

petri dishes, agar or sterile saline whatsoever. Considering the circumstances in the lab, there are 

many steps in the process where contamination was possible but it is hard to say exactly where.  

Testing materials on sterility should have been done at least every batch of sterilization of petri 

dishes and agar, cotton swabs and saline. Another recommendation would be to do routine quality 

controls daily with reference strains to control the process (Matuschek et al, 2014). 

Conclusion 
Compared to other studies the resistance figures in this study were among the highest that have 

been found for CNS isolated from bovine milk, especially for penicillin, cefoxitin and clindamycin. 

Farms with more than 6 cows had higher risk for penicillin resistance, as had mastitis history in the 

last year and treatment for mastitis. These correlations could be related to the use of antibiotics and 

selection for resistance genes, but more studies should be done on the exact role of treatment dose 

and frequency in developing resistance. Also adequate use of antibiotics can help prevent the 

development of more antimicrobial resistance.    
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Appendix 1 – Distribution of diameters per antibiotic disc 
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Appendix 2 - Scatterplots of double ZOI 
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