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Introduction:

Mastitis is the most costly disease to animal agriculture in the U.S. and throughout much of the world. Mastitis is an inflammation of the mammary gland. It can be caused by many types of injuries, including infectious agents and their toxins, physical trauma, and chemical irritants. 

In dairy cows, mastitis is nearly always caused by bacteria or other microorganisms that enter the mammary gland. Gram-negative bacteria, mostly coliforms, cause 40% of all clinical mastitis (CM) cases (González et al., 1990; Hogan et al., 1989) and up to 15-25% of cows in well-managed herds are annually diagnosed with CM caused by coliforms (Hogan and Smith, 2003). 
The most common coliform species that cause CM are Escherichia coli and Klebsiella spp. (Erskine et al., 2002a, 2002b; Smith et al., 1985; Todhunter et al., 1991). In Northern New York, we have previously focused on Klebsiella mastitis and found it to be an important cause of both clinical and subclinical mastitis. 
Treatment of E. coli clinical mastitis with Spectramast® has previously been shown to be effective. Currently, this is the only product that is registered to be used in gram-negative E.coli mastitis. However, no efficacy data against Klebsiella mastitis are available. QMPS data from antimicrobial sensitivity testing of Klebsiella isolates from cows with CM show that the vast majority of isolates (ca. 90%) are susceptible to ceftiofur, the active ingredient of Spectramast®. We have now secured funding for performing a treatment efficacy trial of Spectramast® in NNY. This trial provides us with the opportunity to collect information and additional samples to answer some further outstanding questions. 
The further questions that we attempted to answer in this study were: 

1. What host level risk factors are present that predict the cure of Klebsiella and E.coli mastitis in cows? 

2. Is there evidence for strain differences in Klebsiella isolates from cows with mastitis versus isolated that are collected from the environment of the cow? 

The research team has extensive experience with E. coli and Klebsiella infections in Northern New York dairy herds. In the past, the team has studied the effect of J5 vaccination on coliform infections (Wilson et al., 2007), and the impact of coliform mastitis on milk production and survival (Gröhn et al., 2004, 2005). 
The team is currently completing farm studies on Klebsiella in NNY and found it to be abundant in the cow environment (Munoz et al. 2006, 2007, 2008). Results from these studies have dramatically altered our understanding of the ecology of Klebsiella in an around cows. More specific recommendations can be provided to dairy producers, resulting in a true impact on Klebsiella incidence on their farms. The farms that participate in the current studies continue to have an interest in this important disease and are eager to participate in the next phase of developing workable solutions for this important problem in NNY dairy herds. 
Research activities:
Treatment trial with Spectramast® (externally funded, no funding from NNYADP) 
This trial was a multi-location study conducted on multiple dairy farms. At each farm-location, lactating cows with gram-negative (Klebsiella and E.coli) clinical mastitis were be randomly allocated to the following treatment groups: 

1. Control group – Cows were not treated with an antibiotic.  Normally, cows with Gram-negative mastitis would not receive any treatment other than frequent milk out on many farms.  

2. Treatment group – Cows were be treated with Spectramast® via intramammary infusion at 24-hour intervals according to label standards with 5 treatments during 5 subsequent days. Intramammary treatments will be administered by trained farm personnel.  

Cows were sampled before the first treatment, i.e. upon observation of clinical symptoms and assessment of clinical severity. Quarter milk samples from all affected quarters were taken using standard procedures. In case of on-farm culture laboratories, the result of the farm laboratory was be used for cow inclusion in the trial. For participating producers that have milk samples tested through the 24-hr turn-around program at QMPS or another laboratory, the laboratory results were be used for inclusion decisions. After completion of the treatment, two follow-up samples were collected by QMPS personnel at approximately 7 + 2 days and 14 + 2 days after the last treatment. All follow-up samples were submitted to a QMPS laboratory. Standard bacteriology according to NMC recommendations were performed (NMC Handbook for bacteriological procedures). Farms and cows per treatment group that were included in the trial are shown in the table below:

Table 1. Characteristics of cows with clinical mastitis included in the study. 
	Farm 
	Number of Cows 
	Avg Days in 

      Milk 
	Avg Lactation            

     number 
	  # Production           

  before mastitis 

	A 

B 

C 

D 

E 

Total 
	35 

26 

22 

14 

22 

119 
	      140 

      155 

      106 

      160 

      116 

      134 
	        2.9 

       2.2 

       2.6 

       2.7 

       2.6 

       2.6 
	        102 

          92 

          80 

          93 

        102 

         95 


The distribution of bacteria causing clinical mastitis, and the cure rate in treatment and control group is shown in the table below: 

Table 2. Number of organisms and cure in treatment and control cows per farm. 
	Farm
	 #  Cows 

E. Coli
	    % cure
Trt    Control 
	Number Cows 
Klebsiella
	   % cure 
Trt   Control 
	# Cows

Other 
	  % cure 
Trt   Control 

	A 
B 
C 
D 
E 
Total 
	2 
18 
5 
7 
18 
48 
	  50%   N/A 
  82%   14%

100%     0% 
  60%     0%
100%   67%     

84%   41% 
	      17 
      10 
      15
       7 
        1 
     50 
	55%   17% 67%   25% 50%     0% 
40%     0% 
N/A     0% 
56%   14% 
	    15 
    0 
    1 
    0 
    1 
  17 
	80%   75% N/A    N/A N/A    N/A N/A    N/A       

 0%      N/A 
68%    75% 


Project activities: We have collected data on cow ID, date of diagnosis, dates of treatment, treatment product and duration of treatment, parity, DIM at diagnosis, days since last J5 vaccination, milk yield at last test day before diagnosis, most recent Linear S core (LS) and previous LS (to differentiate new vs. chronic infections), follow up data on linear score, milk production and herd survival. These data were routinely collected into computerized record systems (DC305®) on the farms that were included in the trial. Data were transferred to a spreadsheet and merged into a statistical analysis program (SAS®). Logistic regression was used to analyze the data and identify important risk factors for cure of infection. The table below shows the best fitting regression model predicting cure of infection: 
Table 3. Result of logistic regression analysis of the probability of cure of mastitis. 
	Predictor 
	Coefficient 
	Standard error 
	Z -value 
	P-value 

	Constant 
Lactation 
E. coli present Klebsiella present Treatment 
E.coli & treatment Kleb & treatment 
	    0.22 
    0.81 
 - 1.87
 - 3.31
  -1.28 
   4.59
   4.23 

	       1.54
       0.33 
       1.31 
       1.52 
       1.68 
       2.01 
       2.09
 
	       0.14 
       2.50 
      -1.42 
      -2.18 
      -0.76 
       2.28 
       2.03 

	     0.88 
     0.01
     0.15 
     0.02 
     0.45 
     0.022 
     0.043
 


The results of the regression analysis indicate that older cows tend to cure better compared to heifers. Also, cows infected with E. coli and Klebsiella cure better when treated with Spectramast® compared to cows that are left untreated. 
Additional milk samples were collected to precisely follow infection status in animals. Besides the samples taken for the treatment trial (before treatment and 7 and 14 days after last treatment), we collected samples every day during treatment, and 21 days after the last treatment.  
Antimicrobial resistance. 

We evaluated antimicrobial resistance in a proportion of the bacterial isolates obtained from the trial. These were only isolates obtained from the clinical cases before any treatment had taken place (day 1). Antimicrobial sensitivity data reported as the percent of strains resistant to the indicated antibiotic is shown below. We report here on the more important veterinary antibiotics: 
Table 4. Antimicrobial resistance against common antibiotics in E. coli and Klebsiella bacteria. 
	Antibiotic 
	E. coli % resistant 
	Klebsiella % resistant 

	Ampicillin 
Penicillin 
Oxacillin 
Pirlimycin 
Tetracyclin 
Ceftiofur 

	 47% 
100% 
100% 
100% 
 29% 
18%
 
	 100%
 100%
 95% 
100%
62% 
 9% 



Presence of virulence factors:  We evaluated the presence or absence of specific virulence factors in Klebsiella bacteria obtained from the dairy farms. We collected bacteria from the cases of clinical mastitis and identified a control group of similar size, consisting of bacteria that were found in the environment. The most important virulence factors that we evaluated were the so-called siderophores. These virulence factors allow bacteria to take up iron from the environment, even when the environment is relatively low in available iron. This is important since bacterial growth is dependent on iron availability. The siderophores that we evaluated were Enterobactin receptor (fepA), Aerobactin receptor (iutA), Yersiniabactin receptor (psn) and Yersiniabactin siderophore (irp2). These siderophores were evaluated using molecular methods that are shown in the figure below.
Figure 1. PCR testing of four siderophores: Enterobactin receptor (fepA), Aerobactin receptor (iutA), Yersiniabactin receptor (psn) and Yersiniabactin siderophore (irp2). 
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The results indicated that clinical mastitis Klebsiella isolated had a significantly different siderophore profile compared to environment isolates. All clinical isolates had at least one of the tested siderophores, whereas 16% of environmental isolates had no siderophores at all. Approximately 6% of isolates had at least three different siderophores, whereas none of the environmental isolates had more than 1 siderophore.

Discussion and conclusion 
The results of this field research indicated a high cure rate of a 5 day ‘extended’ Spectramast® therapy compared to untreated controls. This result is very significant for the dairy farmers in NNY as gram-negative mastitis is a very important disease on the farms and current practice on most farms is to not treat affected cows with antibiotics. 
It is important for the dairy farmers to work with their practicing veterinarians to implement this treatment protocol on their farms. Further analysis of the isolates obtained from the dairy farms in NNY indicated that isolates were multi-resistant against most currently used antibiotics, but generally sensitive to Ceftiofur, the antibiotic in our treatment product (Spectramast®). 
The Klebsiella isolates that caused clinical mastitis showed a significantly different profile of siderophores. These siderophores are important virulence factors for Klebsiella, and these results would indicate that there is a specific selection of more virulent bacteria to cause mastitis. 
Future research is aimed at identifying more detail on these virulence factors and evaluating the potential of preventative programs based on the identified virulence factor profile.
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