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ABSTRACT: Eighty Rambouillet ewes (2 to 8-yr-old) were used to examine the effect of post-weaning fast and intramammary antibiotic infusion on hormone profiles, change in udder size, and somatic cell counts (SCC) during the drying off period.  Animals were assigned to the following 2 x 2 factorial treatment combinations: 1) a 48-h post-weaning fast or non-fasted, and 2) intramammary infusion of 300 mg of cephapirin benzathine at weaning or non-infusion.  SCC were examined using a propidium iodine nuclear stain and flow cytometry on d 0 (weaning) and d 1.  Udder circumference, serum growth hormone (GH) and insulin-like growth factor – I (IGF-1) were examined throughout the 11-d period.  SCC were greater (P = 0.07) in non-infused than infused udders; fasting had no influence (P = 0.50) on SCC.  SCC were lower on d 0 than d 1 (P = 0.0001) across groups.  Udders were further categorized into two groups using SCC on d 0: ( 750 cells/µL (high) and ( 750 cells/µL (low).  Udder halves having low SCC were not affected (P = .50) by either fasting or infusion, but SCC did increase (P = 0.0001) from d 0 (253 cells/µL) to d 1 (1753 cells/µL).  On d 0, SCC was not affected (P > 0.50) by treatments; on d 1, SCC were greater (P = 0.004) in both fasted animals and non-infused treatments.  Day effects showed SCC increased (P= 0.004) from d 0 to 1 for fasted and non-infused animals with high SCC.  Udder circumferences of the non-fasted ewes were greater (P = 0.0001) than fasted ewes on d 1, 4, 9, and 11.  Serum IGF-1 was similar (P = 0.70) between non-infused and infused ewes; fasted ewes had lower (P = 0.03) IGF-1 values than non-fasted ewes on d 5.  Serum GH was greater (P = 0.0001) in fasted/infused ewes than fasted/non-infused and non-fasted/infused ewes.  Results indicate intramammary antibiotic infusion decreases SCC within 24 h after administration, particularly in udders with elevated SCC, whereas, fasting had no effect on SCC but hastened mammary involution.

Key Words: Ewes, Somatic Cell Count, Hormones

Introduction


Mastitis, an inflammation of the mammary gland (Schalm et al., 1971), is one of the primary causes of premature culling in a ewe flock (Watson and Buswell, 1984).  Clinical mastitis can be diagnosed visually or palpably, whereas, subclinical mastitis is determined through SCC assessments and or presence of bacteria in the milk (Keisler et al., 1992).  A rapid and simple flow cytometric procedure has been developed and is now available for determining SCC in sheep milk and provides a useful technique for assessing subclinical mastitis and udder health (McFarland, 2000).


In sheep, subclinical mastitis has been reported to cause a reduction in milk quality and quantity (McCarthy et al., 1988).  Therefore, affordable and applicable management practices that may prevent, reduce, or treat subclinical mastitis and improve udder health are of benefit to the producer.  Practices commonly used to improve udder health include antibiotic therapy (intramammary or prophylactic) and (or) a 24-  to 72-h fast following weaning.  McCarthy et al. (1988) reported milk production was improved by either a 72-h fast or prophylactic penicillin injection following weaning; antibiotic injections also decrease incidence of mastitis.  Watson and Buswell (1984) reported a higher self-cure rate and lower intramammary infection rates in ewes receiving intramammary antibiotics at weaning.  These studies suggest fasting and antibiotic procedures at weaning will improve the over all health status of the udders in a flock.  

Because administration of these procedures occurs at weaning, they likely impact mammary cell changes that are associated with mammary gland involution.  Research examining the SCC patterns during the drying-off period is minimal in sheep, but would  provide a clearer understanding of the cellular dynamics associated with weaning strategies during involution of the mammary gland.    


Throughout lactation and weaning, milk production is primarily controlled by hormone secretion, therefore, it is important to understand the hormone changes that occur during the weaning process.  Furthermore, different weaning management strategies may influence hormone levels, which may in turn, alter the involution process during the drying off period (Tucker and Guidry, 1985).  

The objectives of this study were to: 1) determine if the status of somatic cells change during the drying off period and whether different management practices affect SCC, and 2) determine if hormones associated with lactation are affected by different weaning strategies.

Materials and Methods


Eighty lactating ewes ranging from 2 to 8-yr of age were selected based on their udder conformation and soundness, as well as the number of days into the lactation period (81 ± 16 d; mean ± SE).  Ewes were randomly assigned to the following 2 x 2 factorial treatment combinations: 1) a 48-h post-weaning fast or non-fasted, and 2) intramammary infusion of 300 mg of cephapirin benzathine at weaning or non-infusion at weaning.  Twenty ewes were randomly allotted to one of the four treatments.  Ewes were also equally distributed to treatments in respect to age and number of lambs suckled (single vs. twins). 

Ewes were maintained in 16, 4.9 x 9.7 m pens with five ewes/pen, four pens/treatment combination during the first 11 d after weaning.  Ewes were fed 1.82 kg of alfalfa pellets following sample collection.  Pellets contained no less than 15% CP, 2% crude fat, 26% crude fiber and 12% ash.  

Samples were collected from the right and left sides of the udder starting at 0700 on d 0 (weaning), 1, 7 and 11 after weaning.  Milk was aseptically collected from each udder before each sample collection.  Approximately 3 mL of milk from each side were collected and discarded, after which 10 mL from each side were collected for sampling.  Samples were examined for total SCC on the day of collection using a Coulter Epics Profile II Flow Cytometer.  Cell counts were quantified using a propidium iodine nuclear stain in which 0.05 mL of milk was added to 450 (L of fluorescent dye in a 1.5 mL microcentrofuge tube and gently shaken.  Cell counts were quantified based on the log from the flow cytometer.  In the fast/infusion treatment group, one ewe’s left mammary gland was non-functional so only her right side was collected.  

On d 0 following milk collection, an intramammary infusion of 300 mg of cephapirin benzathine was administered to 40 ewes in both the left and right sides of the udder.  On d 0, 1, 4, 7, 9 and 11 udder circumference was measured at the widest part of the udder and recorded for all ewes.  

Forty ewes, consisting of 10 ewes (five ewes that have suckled twins and five ewes that suckled singles) from each treatment group combination were bled on d 0 to 7 and d 7 and 11 during the dry off period.  Blood samples were obtained via jugular venipuncture at 0700 prior to feeding.  At each sampling time, a 5 mL sample was collected and stored at 4°C until the serum was separated by centrifugation (1200 x g at 4°C).  Serum was stored at -20°C until analyzed for GH and IGF-1.  All samples were analyzed for GH, whereas, serum samples collected on d 0, 5, and 11 were analyzed for IGF-1.  GH and IGF-1 concentrations were quantified by RIA as described by Hoefler and Hallford (1984) and Berrie et al. (1995), respectively.     

Udder halves were further categorized within the four treatment combinations as having normal ((750 cells per (L) or subclinically-infected ((750 cells per (L) milk samples.  A threshold of 750 cells/(L was adopted to define subclinical mastitis since this value is the mandated SCC limit for grade A milk in cows by the National Conference of Interstate Milk Shippers in the US.

SCC, udder circumference and hormone concentrations were analyzed using a split-plot analysis of variance (SAS Inst., Cary, NC, 1985).  The 2 (fast) x 2 (infusion) factorial arrangement was included in the main plot and tested using udder within fast x infusion for SCC or ewe within fast x infusion for udder circumference and hormone concentrations as the error term.  Day of sampling was included in the subplot and tested using residual error.  Following a significant F-test (P < 0.05) of subplot effects (fast x day of sampling) or (infusion x day of sampling) the least significant difference procedure was used to evaluate means (Steel, and Torrie, 1980).  

Results & Discussion

Statistical analysis revealed no fast x infusion (P > 0.18) or infusion by sampling interaction (P > 0.07) for any variable examined except for GH where a fast x infusion interaction was detected (P = 0.02).  No fast x day of sampling interactions were detected for SCC for all udder halves and udder halves considered to have normal values and GH, however, this interaction was significant (P < 0.05) for SCC in udder halves considered to be subclinically infected, udder circumference, and IGF-1 concentrations.

Milk samples were collected on d 0, 1, 7, and 11, however, due to the thickening of the milk caused by the natural involution of the mammary gland, as well as the breakdown of the neutrophils, revealing an inaccurate cell count, d 7 and 11 collections could not be analyzed for SCC.  Udder SCC were not influenced (P = 0.53) by fasting, however, SCC in non-infused udders tended to be greater (P = 0.07) than infused udders.  SCC across treatments increased (P = 0.0001; Table 1) from d 0 to 1 (581 and 3091 ± 408 cells/(L, respectively).  In agreement, McFarland (2000) reported an increase in SCC at 24-h post-weaning.  

  Udder SCC in the normal udder halves were not affected (P > 0.23) by either fasting or intramammary antibiotic infusion (Table 1), although SCC across treatments were increased (P < 0.01) from d 0 to 1 (253 and 1753 ± 226 cells/(l, respectively).  On d 0 for the subclinically-infected udder halves, SCC were similar (P = 0.82) between infused and non-infused udders prior to antibiotic infusions, however, 24 h following infusion, SCC were greater (P = 0.004) in the non-infused than infused udders (Table 2).  Furthermore, SCC did not differ (P = 0.39) between d 0 and 1 for the infused group, whereas, SCC were considerably elevated (P = 0.004) on d 1 compared with d 0 in non-infused udder halves.  These results suggest that intramammary antibiotic infusions decrease udder SCC within 24 h of administration and possibly reducing or eliminating the bacterial infection.  On d 0, SCC did not differ (P = 0.74) between the fasted and non-fasted subclinically-infected udder halves; on d 1, cell counts were greater (P = 0.01) in fasted than non-fasted ewe udders (Table 2).  Additionally, SCC within the fasted group were higher (P = 0.001) on d 1 than d 0, whereas, no day effect (P = 0.45) was observed for the non-fasted group.  These data suggest that fasting subclinically-infected ewes at weaning increases the concentration of the milk, thus increasing the cells/(L.

Udder circumference for the infused and non-infused treatments were 45.2 and 45.7 cm, respectively, across days.  On d 1, 4, 9, and 11 the non-fasted udder circumference was greater (P = 0.0001) than the fasted group (Table 3), which indicates  fasting increases the involution of the mammary gland.  All treatments showed an increase in circumference from d 0 to 1 which was followed with a gradual decrease throughout the study.  Similarly, McCarthy et al. (1988) reported a noticeable reduction in udder size, udder swelling and discomfort after fasting ewes for 72 h following weaning.

   Intramammary infusion had no effect (P = 0.76) on serum IGF-1 concentrations.  IGF-1 concentrations for fasted ewes did not differ P > 0.20) from non-fasted ewes on d 0 or 11 (169 and 155 ± 8 ng/mL, 153 and 157 ± 8 ng/ml, respectively), however, IGF-1 concentrations were less (P = 0.02) in fasted than non-fasted ewes on d 5 (146 and 172 ± 8 ng/mL, respectively).    

A fast x infusion interaction (P = 0.021) was detected for GH, therefore, overall means within each treatment combination are discussed.  GH concentrations were greater (P < 0.01) in the fasted/infused ewes than the fasted/non-infused and non-fasted/infused ewes (6.7, 4.5, and 4.4± 0.6 ng/mL, respectively).  Serum GH for ewes in the non-fasted/non-infused treatment combinations were similar (P > 0.42) to all treatments (5.17 ±  0.6 ng/mL).  GH concentrations across treatments on d 1, 2, and 3 were greater (P < 0.03) than d 4, 5, 6, 7, and 11 (data not shown).  Day 0 and 9 did not differ (P > 0.9) from other sampled days.  

Implications

SCC increased from weaning to 24 h post-weaning, regardless of management practices.  To achieve an accurate SCC at 24 h post-weaning a higher threshold value needs to be established, particularly after fasting ewes due to an increase in milk concentration.  SCC are a good indicator of subclinical mastitis, however, analyzing SCC 7 or 11 d post-weaning using flow cytometric analysis is not an effective test because of cellular breakdown of mammary cells.  Intramammary infusions decrease SCC at 24 h post-weaning, indicating an immediate response to treatment by the mammary gland in reducing subclinical mastitis.  Fasting ewes post-weaning increases SCC in subclinically-infected udders, indicating increased concentration of cells.  Fasting also decreases the circumference of the udder which suggests the rate of mammary involution is increased. 
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	Table 1.  Milk somatic cell counts (SCC; cells/(L) for all udder halves and udder halves categorized to be normal and insulin-like growth factor – 1 (IGF-1) concentrations.

	
	Fasting
	Infusion

	Item
	+
	-
	
	+
	-
	

	
	n = 158
	n = 160
	SE
	n = 158
	n = 160
	SE

	SCC, all udders 
	2002
	1670
	346
	1252c
	2420b
	348

	
	
	
	
	
	
	

	
	n = 133
	n = 136
	
	n = 131
	n = 138
	

	Normal SCC udder halves
	871
	1135
	250
	818
	1188
	251

	
	
	
	
	
	
	

	
	n =  20
	n = 20
	
	n = 20
	n = 20
	

	IGF – 1, ng/mL
	156.3
	161.3
	6.9
	157.3
	160.2
	6.9

	
	
	
	
	
	
	

	a Udder halves were categorized using SCC on d 0, into two groups: (750 cells per µL = subclinically-infected udders and <750 cells per µL = normal udders.

b,c Row values with different superscripts tended to differ (P < 0.07).


	Table 2.  Somatic cell counts (SCC, cells/(L) for udder halves categorized to be subclinically-infected on d 0 and 1.a

	
	Fasting
	Infusion

	Item
	+
	-
	
	+
	-
	

	Day
	n=20
	n=20
	SE
	n=20
	n=20
	SE

	0b
	1901f
	3401
	3269
	2126
	3176f
	3428

	1
	16969c,e
	6479d
	2808
	5743d
	17704c,e
	2874

	a Udder halves were categorized using SCC on d 0, into two groups: (750 cells per µL = subclinically infected udders and <750 cells per µL = normal udders.

b Day 0 = day of weaning.

c,d Row values with different superscripts differed (P < 0.05).

e,f Column values with different superscripts differed (P < 0.05).


	Table 3.  Udder circumference (cm) for all treatment groups on d 0, 1, 4, 7, 9, and 11 after weaning.a

	
	Fasting
	Infusion

	Item
	+
	-
	+
	-

	Day
	n=40
	n=40
	n=40
	n=40

	0b
	46.2f
	47.2f
	46.5f
	47.0f

	1c
	52.3d
	57.7d
	55.1d
	54.6d

	4c
	48.3e
	51.8e
	50.3e
	50.0e

	7
	42.7g
	44.2g
	42.7g
	44.2g

	9c
	39.1h
	41.9h
	40.1h
	41.1h

	11c
	35.8i
	38.1i
	36.8i
	36.8i

	Pooled SE for udder circumference =0.212 cm.

a Udder Circumference measured at the midpoint of the udder.

b Day 0 = d of weaning.

c Row values within fasting differed (P < 0.05).

d,e,f,g,h,i Column values with different superscripts differed (P < 0.05).


