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ABSTRACT

This work was aimed at developing and evaluating an antibiotic treatment to control intramammary Staphylococcus aureus infections in dairy cows under field conditions. On the basis of in vitro sensitivity testings (Kirby Bauer agar diffusion test), pharmacokinetic properties and previous clinical trials, rifaximin was chosen. Nineteen dairy farms with 1435 lactating cows were considered. These farms were subjected to a management program following the general principles of contagious mastitis control. Composite milk samples were collected aseptically from all lactating cows for Fossomatic SCC and bacteriological assays. Staphylococcus aureus was identified using aesculin blood agar and RPF supplemented Baird Parker medium and further characterised by morphological, biochemical and haemolytic properties. All cows were subsequently sampled 10 days after calving and every 30-90 days during lactation. Positive cows were segregated and milked last. All quarters of all cows were treated at drying-off using rifaximin 100 mg (Fatroximin - Fatro). Positive cows which had not undergone therapy during lactation were also treated once per quarter 3 days before DCT with a formulation containing rifaximin 100 mg and cephacetrile 200 mg (Cefaximin L - Fatro), (cure rate 76%). Infected cows were clinically examined: those presenting serious mammary atrophy and sclerosis were discarded (5-10%), otherwise all quarters were treated 4 times at 12-hour intervals with Cefaximin L, (cure rate 58,4%). After two years the prevalence of intramammary Staphylococcus aureus infection was reduced from 42% (range 13-75%) to 8% (range 0-48%), while the average SCC decreased from 547,000 cell/ml to 302,000 cell/ml. Systematic use of dry-cow therapy with rifaximin along with therapy during lactation with rifaximin and cephacetrile allow intramammary Staphylococcus aureus infections to be reduced in dairy herds undertaking a proper contagious mastitis control program.
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INTRODUCTION

Control of S. aureus mastitis is extremely difficult and remains one of the toughest challenges for veterinarians and breeders. Intramammary S. aureus infections have shown a huge increase in recent years in many countries throughout the world, including Italy (1). Prevention of new infections is the most effective control measure for this disease. This can be achieved through decrease in cow to cow transmission, through proper milking hygiene, use of functionally adequate milking equipment, teat dipping, cow culling and segregation of infected cows. However, these measures are not sufficient by themselves: lactation and dry-cow therapies are also crucial factors. Nevertheless, even using antibiotic therapy, it is very difficult to control S. aureus infections and results are often different from in vitro sensitivity testings.

Many factors can influence the effectiveness of antibacterial therapy:

1. Intramammary diffusion barriers (scar tissue, ischemic areas, occlusion of milk ducts and abscess formation). 

2. Inactivation of antibiotics by milk constituents and a general lower activity of antibiotics against bacteria growing in milk (2,3). 

3. Development of resistance.   

4. Induction of an L-form phase in micro-organisms, following treatment with (-lactam antibiotics (4). 

5. Insensitivity of non-multiplying dormant bacteria to most antibiotics. 

6. Interference of some antibiotics with host defence mechanisms. 

7. Intracellular sequestration of the bacteria. 

8. Reinfection.

It is very difficult to make a proper diagnosis of S. aureus infections due to the polymorphism of this bacterium and the presence of atypical strains (5). These bacteria have a peculiar shedding pattern (6), making it difficult to detect infection using routine diagnostic methods. These aspects, along with the large economic loss involved, confirm the need to find ever more effective therapies against S. aureus infection.

In the present work, the Authors evaluated susceptibility of S. aureus to different antibiotics, with the aim of finding an effective field therapy. The therapeutic protocol was then applied to verification of efficacy in clinical field trials, evaluating cure rates, reduction in infection prevalence in dairy herds and decrease in somatic cell count.

MATERIALS AND METHODS

Choice of antibiotic 

In the course of the year before the start of this study, the Authors examined S. aureus sensitivity to several antibiotics using the Kirby-Bauer agar diffusion test (Oxoid).

Veterinarians isolated these strains from the milk of infected dairy cows, housed in the same area where the clinical trial was performed (Brescia - Northern Italy).

Herd management and therapeutic protocol

This study was carried out in 19 dairy herds located in the province of Brescia (Northern Italy), all Streptococcus agalactiae free, with 1435 lactating cows at the start of the study, an average of 75 cows/herd and a milk production of 30 l/cow/day. These herds were chosen because of their high somatic cell counts and the high prevalence of intramammary S. aureus infections.

Each herd was subjected to a management program following the general principles of contagious mastitis control: use of properly functioning milking systems, use of proper milking procedures, maintenance of good milking hygiene, control of environmental and nutritional factors. Where poor management practices were found, practical recommendations were given and application of these followed up. At the beginning of the trial, composite premilking milk samples were aseptically collected from all lactating cows. The milk samples were then refrigerated and sent to the laboratory for the somatic cell count and bacteriological tests. Samples were then collected 5-10 days after calving and every 30-90 days during lactation, depending on herd progress. Following the bacteriological tests, infected cows were segregated and milked last. Cows found positive to S. aureus before drying off were considered, after dry-cow therapy, to be probably not infected and moved to the healthy animal group after calving, in order not to confuse non-recovery with reinfection. A clinical examination of the mammary gland of positive cows was performed before and after milking. Presence of sclerosis or mammary tissue atrophy, which might strongly affect therapeutic results, led to culling of these animals (5-10% of infected cows). All quarters of the positive cows showing udders in good or non-severe condition were treated 4 times at 12-hour intervals during lactation with an intramammary formulation based on rifaximin 100 mg and cephacetrile 200 mg (Cefaximin L – Fatro). If the cell count was within the norm and time to drying-off shorter than 150 days, lactating treatment was postponed to 3 days before dry-cow therapy, as follows. The product containing rifaximin 100 mg and cephacetrile 200 mg was given twice at 12-hour intervals and again 24 hours later, when milking had finished. 72 hours after the last administration a dry-cow formulation based on rifaximin 100 mg (Fatroximin - Fatro) was given.

All quarters of all cows were treated at drying off using the same dry-cow formulation (rifaximin 100 mg). The therapeutic treatment programme is shown in Table 1.

Table 1. Therapeutic protocol.
	Dry-cow therapy
	Treatment of all quarters of all cows with rifaximin 100mg (Fatroximin – Fatro) after last milking

	Lactating-cow therapy
	Treatment of all quarters of infected cows 4 times at 12-hour intervals with rifaximin 100 mg e cephacetrile 200 mg (Cefaximin L - Fatro)

	Combined therapy at drying-off 

(Infected cows with SCC within the norm and time to drying-off shorter than 150 days)
	Treatment of all quarters with rifaximin 100 mg and cephacetrile 200 mg (Cefaximin L - Fatro) twice at 12-hour intervals and again, after last milking, 24 hours later. 

72 hours after the last administration, treatment of all quarters with rifaximin 100 mg (Fatroximin - Fatro)


Laboratory procedures

All milk samples were analysed using aesculin blood agar and RPF-supplemented Baird Parker medium. S. aureus detection was confirmed by microscopic morphologic investigation, by catalase and coagulase tests and by mannitol, maltose and glucose fermentation tests. The somatic cell count was performed using the optofluorometric method, Fossomatic 360 automatic counter.

RESULTS

Antibiotic of choice

As can be seen from the sensitivity tests (Table 2), the antibiotics to which the isolated strains were most sensitive were rifaximin and cephalothin. On the basis of both these results and pharmacokinetic properties and previous field trials, the Authors selected rifaximin as the antibiotic of choice for dry-cow therapy, and rifaximin associated with a first-generation cephalosporin, cephacetrile, for lactation therapy.

Rifaximin is a semi-synthetic antibiotic with bactericidal activity, belonging to the family of naphthalene-ringed ansamycins (rifamycins group). It possesses a broad spectrum of activity against Gram-positive and Gram-negative bacteria (7,8). Rifaximin is extremely active against S. aureus, including penicillin-resistant strains. (9,10,11). The risk of selecting resistant strains for repeated subliminal treatment is very low, due to the absence of absorption via the blood-milk barrier (12). Almost 100% of the S. aureus strains tested in recent years have been sensitive to rifaximin (13,14). Although rifaximin is not absorbed systemically, concentrations after intramammary administration reach high levels in milk and are, in any event, higher than the MIC even at the level of the deep mammary parenchyma (15). The particular pharmacokinetics of rifaximin brings another important benefit: its use in DCT allows high concentrations to be maintained for long periods. Because it is not distributed throughout the organism, it remains within the mammary gland (16). Considering the importance of a long treatment period for successful therapy and the high activity of rifaximin against S. aureus, this antibiotic is a very good choice for DCT, as proved in many clinical trials (17,18).

Cephacetrile is a first-generation semi-synthetic cephalosporin which is highly active against Gram-positive bacteria, including penicillin-resistant (-lactamase-producing organisms. (19,20). Cephacetrile shows reinforcing synergetic activity when associated with rifaximin (21). Moreover, the association of the two antibiotics, both very active against Gram-positive bacteria, and, especially, against S. aureus, permits a greater probability of success, as it allows any resistance of certain strains to one of the two antibiotics to be overcome.

Table 2. S. aureus susceptibility to tested antibiotics.
	
	No of strains
	Susceptible
	Intermediate
	Resistant
	Susceptible %
	Intermediate %
	Resistant %

	Ampicillin
	121
	38
	7
	76
	31,40%
	5,79%
	62,81%

	Penicillin
	121
	37
	0
	84
	30,58%
	0,00%
	69,42%

	Cloxacillin
	121
	114
	6
	1
	94,21%
	4,96%
	0,83%

	Nafcillin
	12
	11
	1
	0
	91,67%
	8,33%
	0,00%

	Cephalothin 
	121
	120
	1
	0
	99,17%
	0,83%
	0,00%

	Cefoperazone
	120
	98
	22
	0
	81,67%
	18,33%
	0,00%

	Flumequine
	121
	113
	8
	0
	93,39%
	6,61%
	0,00%

	Erythromycin
	121
	102
	12
	7
	84,30%
	9,92%
	5,79%

	Spiramycin
	115
	41
	62
	12
	35,65%
	53,91%
	10,43%

	Tylosin
	120
	107
	10
	3
	89,17%
	8,33%
	2,50%

	Kanamycin
	121
	104
	12
	5
	85,95%
	9,92%
	4,13%

	Spectinomycin
	120
	10
	43
	67
	8,33%
	35,83%
	55,83%

	Streptomycin
	121
	44
	33
	44
	36,36%
	27,27%
	36,36%

	Rifaximin
	121
	120
	1
	0
	99,17%
	0,83%
	0,00%

	Sulphonamides
	121
	7
	5
	109
	5,79%
	4,13%
	90,08%

	Tetracycline
	119
	92
	3
	24
	77,31%
	2,52%
	20,17%


Curative efficacy

105 cows, S. aureus-positive, were treated in lactation with the intramammary preparation containing rifaximin and cephacetrile. Of these, 59 were found to be negative to at least two microbiological examinations (recovery rate 58,4%). 146 S. aureus-positive cows were treated 3 days before DCT with the preparation containing rifaximin and cephacetrile; they were then treated with the preparation containing just rifaximin. Of these, 112 were found to be negative to at least two microbiological examinations after parturition (recovery rate 76%). It must be emphasised that the results obtained in this study refer to therapeutic efficacy tested in 19 herds, that is to say, therapeutic efficacy verified with different strains, unlike most of the studies found in the literature.

Reduction of S. aureus prevalence and SCC

As shown in Table 3, the farms showed a high prevalence of S. aureus infection at the start of the study and a high number of somatic cells in the milk. Application of a programme of hygiene measures and the therapeutic protocols described in this article, on the part of the farms, led to a reduction in the mean prevalence of infection from 42% to 8%, while the mean SCC decreased from 547,000 cells/ml a 302,000 cells/ml. In 6 farms, the herds became totally S. aureus-negative.

Table 3. SCC and S. aureus prevalence in dairy  herds initially and after two years application of the control program for S. aureus infections.
	
	Data at the beginning of the trials (1997)
	Data after two years (1999)
	

	FARMS
	Lactating cows
	SCC /1000
	S. aureus + cows
	S. aureus + cows %
	Lactating cows
	SSMC /1000
	S. aureus + cows
	S. aureus + cows %

	A
	55
	763
	34
	62%
	52
	139
	0
	0%

	B
	129
	391
	73
	57%
	92
	321
	14
	15%

	C
	56
	441
	32
	57%
	53
	201
	1
	2%

	E
	82
	387
	24
	29%
	75
	280
	1
	1%

	F
	98
	957
	29
	30%
	99
	437
	0
	0%

	G
	70
	463
	44
	63%
	79
	307
	5
	6%

	H
	125
	516
	48
	38%
	128
	291
	17
	13%

	I
	36
	981
	23
	64%
	31
	580
	15
	48%

	J
	55
	620
	28
	51%
	63
	273
	0
	0%

	K
	60
	478
	33
	55%
	65
	239
	0
	0%

	L
	156
	517
	32
	21%
	153
	386
	3
	2%

	M
	27
	510
	16
	59%
	22
	180
	6
	27%

	N
	79
	202
	15
	19%
	68
	340
	0
	0%

	O
	88
	517
	39
	44%
	86
	234
	21
	24%

	P
	71
	466
	53
	75%
	67
	116
	7
	10%

	Q
	59
	1.340
	31
	53%
	59
	458
	12
	20%

	R
	47
	208
	6
	13%
	60
	211
	0
	0%

	S
	42
	213
	17
	40%
	41
	373
	4
	10%

	T
	100
	430
	31
	31%
	95
	371
	5
	5%

	Mean
	
	547
	608
	42%
	
	302
	111
	8%


CONCLUSIONS

Under field conditions, it is often difficult to follow procedures used in clinical studies and research. To obtain concrete results under day-to-day farm conditions, simple, economical methods are indispensable. With this concept in mind, the authors wished to present and evaluate a protocol for the control of intramammary S. aureus infections which would be practical and easy to apply for farmers and veterinarians. This protocol permitted a significant reduction in prevalence of infection in the commercial dairy farms which reflect the day-to-day realities commonly found in this type of establishment.

The systematic use of rifaximin for dry-cow therapy, preceded by the cephacetrile-rifaximin association in infected cows, and the use of the cephacetrile-rifaximin association for therapy in lactation, undoubtedly demonstrated high therapeutic efficacy. It is important to point out, though, that use of antibiotics alone is not sufficient for control of mastitis caused by S. aureus. A successful management programme must be based on all of the following points: the use of properly-functioning milking machines, milking hygiene, teat dipping, segregation of infected cows which are milked last, sampling of cows after calving, culling of chronically infected cows, effective lactating and dry-cow therapy.
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