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ABSTRACT 21 

Escherichia coli is one of the most frequent agent of bovine mastitis worldwide, 22 

typically reported to be clinical and acute. The objective of the present study was to 23 

evaluate the long term influence of E. coli intramammary infections with different strains 24 

and diverse clinical presentations on milk yield and milk quality that affects milk clotting 25 

parameters.  Twenty four Israeli Holstein cows in a commercial dairy herd that were 26 

diagnosed with clinical mastitis due to intramammary infection by E. coli were used in 27 

this study. Mean lactation, DIM and milk yield at the time of infection of all 24 cows was 28 

3.3±1.3, 131.7±78.6 and 45.7±8.4, respectively. Two patterns of inflammation were 29 

identified: "short inflammation": 5 cows, < 30 days to return to peak of daily milk yield 30 

and "long inflammation": 19 cows, > 30 days to obtain new lactation peak and decrease 31 

>15% of daily milk yield. Loss of marketable milk during the study was determined 32 

based on:  a. quantity of milk discarded due to treatment (daily milk yield before 33 

infection  6 days); b. milk lost due to decreased milk yield (the area between the 34 

predicted lactation curve and the actual one), and c. quantity of milk discarded due to 35 

high SCC, assuming that infected quarters were milked into quarter-jars, and not into the 36 

bulk milk tank, when SCC was > 1.5  10
6
 mL

-1
. Five out of the 24 cows, those 37 

exhibiting "short inflammation", had and average milk loss of 200 L/cow. Nineteen out of 38 

the 24 cows, those exhibiting "long inflammation", had an average milk loss of ~1,500 39 

L/cow. Together, in the farm studied, E. coli intra-mammary infections resulted in ~1,230 40 

L milk loss per infection, and culling of five cows. 41 
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Introduction 46 

Bovine mastitis is an economically important disease in dairy production. Economic 47 

losses at the farm level are mainly due to treatment costs, loss of milk yield, lower milk 48 

value due to high somatic cells count (SCC) and, in more extreme cases, loss of animals 49 

(Seegers et al., 2003; Huijps et al., 2008; Hogeveen et al 2011).). In addition, recent studies 50 

have shown that economic losses due to mastitis reach beyond the farm level, because 51 

mastitic milk increase bulk SCC and induces changes in milk properties which affect the 52 

production of dairy products (Leitner et al., 2006; Leitner et al., 2011; Merin et al., 2008; 53 

Le Maréchal et al., 2011). 54 

Escherichia coli is one of the most frequent agent of bovine mastitis worldwide, 55 

typically reported to be clinical and acute. Nonetheless, clinical symptoms may vary 56 

widely from mild to peracute, and persistent infections have been also reported (Dopfer, 57 

1998; Bradley, 2002). Treatment by antimicrobials or quarter drying-off may eventually 58 

clear the bacterial infection, but full recovery of the gland may take a longer time than 59 

clinical recovery. Thus the economic impact of E. coli mastitis should include the post 60 

infection of milk quality and not only yield lost.  61 

 62 

The objective of the present study was to evaluate the long term influence of E. coli 63 

intramammary infections with different strains and diverse clinical presentations on milk 64 

yield and milk quality that affects milk clotting parameters. 65 

 66 

Materials and Methods 67 

Animals 68 

Twenty four Israeli Holstein cows in a commercial dairy herd that were diagnosed 69 

with clinical mastitis due to intramammary infection by E. coli were used in this study. 70 



The herd included a total of ~220 cows producing ~11.400 L of milk during 305 days 71 

lactation and with an average bulk tank SCC ~200,000 cells mL
-1

. Cows were milked 72 

thrice daily (05:00, 13:00 and 20:00) and were fed a typical Israeli total mixed ration 73 

containing 65% concentrate and 35% forage (17% protein). Food was offered ad lib in 74 

mangers located in the sheds.  75 

 76 

Sampling and study layout  77 

After identification of cows with signs of clinical mastitis by the farmer, a sample of 78 

milk from the altered gland was taken aseptically and stored in -20
o
C. After no longer 79 

than 8 h, an additional sample was taken by the researchers and both samples were 80 

transferred to the laboratory. Cows were included in the study only if E. coli was isolated 81 

in the two samples. After the second sampling, all animals were treated with antibiotics 82 

(30PEN and Gentaject, ABIC Biological Laboratories Teva Ltd., Israel). Ten microliters 83 

of each milk sample were inoculated onto blood agar (enriched with 5% of washed sheep 84 

red blood cells) and MacConkey agar plates (Bacto-Agar, Difco Laboratory, Becton 85 

Dickinson, Le Pont de Claix, France). Plates were incubated at 37C and examined for 86 

growth after 18 and 42 h. Data collected from cows included: lactation (L), days in milk 87 

(DIM), days in pregnancy (DIP), milk yield (Kg d
-1

), % milk fat, protein and lactose, 88 

SCC and history of health, all from the herd book. Daily data was obtained in the 89 

following days, including milk yield and conductivity, using Afimilk on-line data 90 

recording system (Afimilk, Afikim, Israel). Daily, during the first week, and then weekly 91 

afterwards, aseptic milk samples were collected from the infected glands for 92 

bacteriological and SCC examination (Coulter cell counter - Z1, Coulter Electronics Ltd., 93 

Luton, England). In addition, 300 mL of milk was used for evaluation of milk gross 94 

composition (protein, casein, fat, lactose and urea contents) and SCC using Milkoscan 95 



6000 and Fossomatic 360 (Foss Electric, Hilleröd, Denmark), respectively. Somatic cells 96 

differentiation was performed by flow cytometry (FACs Calibur flow cytometer, Becton-97 

Dickinson Immunocytometry System, San Jose, CA, USA) as described before (Leitner 98 

et al., 2003) using anti-bovine monoclonal antibodies (VMRD Inc., Pullman, WA, USA). 99 

Monoclonal antibodies used were: anti-CD18/11a - BAT 75A (IgG-1), anti-CD4 - GC 100 

50A1 138A (IgM), anti-CD8 - CACT 80C (IgG-1), anti-CD21 - BAQ 15A (IgM), anti-101 

CD14 - CAM 36A (IgG-1), anti-polymorphonuclear (PMN) (G1) (IgM). All monoclonal 102 

antibodies used were species-reactive with bovine cells. The secondary polyclonal 103 

antibodies (CALTAG Laboratories, Burlingame, CA, USA) used were: goat anti-mouse 104 

IgG-1 conjugated with TRI-COLOR (TC) and goat anti-mouse IgM conjugated with 105 

FITC.  106 

Milk clotting time (R) and curd firmness (CF) were tested using the Optigraph
©

 107 

(Ysebaert, Frepillon, France). This procedure continued until the gland completely 108 

recovered or degenerated. 109 

 110 

Bacterial identification and antimicrobial susceptibility 111 

Bacteria were identified based on conventional tests (Blum et al., 2008). 112 

Antimicrobial susceptibility test was performed in accordance to NCCLS guidelines 113 

(NCCLS, 1999) by means of commercially available disks – Dispens-O-Disc 114 

(Susceptibility Test System, Difco) or BBL Sensi-Disc Antimicrobial Susceptibility Test 115 

Discs (Becton Dickinson, MD, USA) – which were applied as recommended by the 116 

manufacturers. 117 

 118 

Pulse-filed gel electrophoresis (PFGE) 119 



A standard PFGE technique was used (Wolk et al., 2004). DNA was digested with 120 

XbaI. Cluster analysis was performed by UPGMA in Bionumerics 6.6 (Applied Maths) 121 

and DICE similarity coefficient was calculated using 2% tolerance and 2% optimization. 122 

 123 

Statistical Analysis 124 

Statistical analyses were performed using JMP software (SAS Institute, 2000).  125 

 126 

Results 127 

Mean lactation, DIM and milk yield at the time of infection of all 24 cows was 128 

3.3±1.3, 131.7±78.6 and 45.7±8.4, respectively. Two patterns of inflammation were 129 

identified: "short inflammation": < 30 days to return to peak of daily milk yield and "long 130 

inflammation": > 30 days to obtain new lactation peak and decrease >15% of daily milk 131 

yield. Tables 1 and 2 summarize the mean and SE of milk yield, SCC and cells 132 

diffractions, milk compassions, coagulation time and curd firmness of glands with short 133 

or long inflammation due to E. coli intramammary infection. Mean over days from 134 

infection was calculated from all the cows/glands which continued to produce milk 135 

regardless of bacteria isolated. Five cows were classified as suffering from "short 136 

inflammation". These cows completely recovered in up to 20-30 days. In this period of 137 

time, no bacteria were further detected in milk, milk yield returned to the level before 138 

infection, milk clotting parameters returned to the expected levels and the SCC and cell 139 

distribution returned to normal (Tables 1 and 2) (see expected levels in Leitner et al., 140 

2011, 2012). A representative cow which completely recovered (VL3013) from a "short 141 

inflammation" is presented in Fig. 1a. Milk loss was related to the period of time of 142 

antibiotic treatment only (3 + 3 days): 39 L d
-1

  6 = 234 L. However, it took about 15-25 143 

days for milk to return to acceptable quality levels. Since this milk is not supposed to be 144 



collected into the milk tank, and at least the infected quarter-milk should be discarded 145 

(9.7 L d
-1

  20 days = 194 L), the overall milk loss for a complete-recovery cow was 146 

actually about 430 L. 147 

The majority of the cows were classified as "long inflammation" cows. The detailed 148 

information regarding the 19 "long inflammation" cows that were assessed (until quarter 149 

dry-off or cow culling) is summarized in Tables 1 and 2. These cows were not uniform in 150 

their response to the infection and none of them completely recovered until culled or 151 

remained to the last day of the study (200 days from detection of infection). Of the 19 152 

cows, nine (47.4%) went through degeneration of the infected gland in 2-3 days, or 153 

cessation of milking during the following weeks. In spite of a strong inflammatory 154 

response in those nine cows, bacteria were isolated from all cows but one at day 7. Of the 155 

remaining 10 cows in this set, bacteria were not isolated after the antibiotic treatment but 156 

in two cows, from which bacteria were isolated up to 20 days and one cow from which 157 

bacteria were isolated through the complete duration of the study. The immune reaction 158 

up to 4 days was significantly different (P < 0.05) in "short inflammation" compared to 159 

that of "long inflammation", with higher PMN and lower macrophages in the former. The 160 

SCC and immune cells distribution in short inflammation returned in the non infected 161 

glands in up to 28 days, while in the infected glands of the long inflammation cows, SCC 162 

remained significantly higher with over 80% PMN.  Representatives of "long 163 

inflammation" cows are presented in Fig. 1b and 1c. The lactation curve of cow 2874 164 

(one of the 9 cows that underwent degeneration of the infected glands, or cessation of 165 

milking during the first following weeks) is outlined in Fig 1b. The cow produced > 55 L 166 

milk a day for 128 days of lactation until diagnosed with severe clinical mastitis. This 167 

cow was treated with antibiotics and no bacteria were isolated 24 h later. However, in 168 

spite of the treatment, the gland completely degenerated and had to be dried-off. The milk 169 



lost during the time of treatment was 55 L d
-1

  6 = 330 L. Due to the elimination of the 170 

affected milk gland, the cow's milk did not decrease in quality and was collected to the 171 

bulk milk tank. The difference in milk yield between the predicted lactation curve and the 172 

actual one was 1,710 L (14,524 and 12,814 L, respectively). Thus, overall milk loss for 173 

this complete-recovery, "long inflammation" cow was about 2.040 L. In 9 of the 10 "long 174 

inflammation" cow's, inflammation remained till the end of the study. Thus milk loss was 175 

as in all the cows during antibiotic treatment, and thereafter the infected quarter-milk 176 

discarded. Hence, the overall milk losses of these cows were similar to the cows 177 

underwent degeneration of the infected glands. One cow (2732) that became clinically 178 

infected on day 14 post-partum remained persistently infected for up to 175 days in spite 179 

of the treatment of quarter drying-off. This cow had further episodes of clinical mastitis 180 

and the same E. coli strain was isolated from the milk two, four and six months later. The 181 

initial infection of this animal was before it reached its milk peak; therefore, no predicted 182 

lactation curve could be calculated for this non-recovery, "long lactation" cow. However, 183 

milk yield increased post-infection, and no drop in milk yield was recorded until the end 184 

of the lactation (Fig. 1c). Although milk constituents were in their normal range (fat 185 

32.7±0.3, protein 30.5±0.1, lactose 48.0±0.1 g L
-1

, and SCC 440±193  10
3
), the quality 186 

of milk for cheese production, measured by means of coagulation time and curd firmness, 187 

was long and very low, respectively. Consequently, the affected gland was dried-off on 188 

day 175. Interestingly, no drop in milk yield was recorded after quarter drying-off, but 189 

SCC reduced to about 50  10
3
 mL

-1
 and CF increased, even though only at a moderate 190 

level. 191 

Loss of marketable milk during the study was determined based on:  a. quantity of 192 

milk discarded due to treatment (daily milk yield before infection  6 days); b. milk lost 193 

due to decreased milk yield (the area between the predicted lactation curve and the actual 194 



one), and c. quantity of milk discarded due to high SCC, assuming that infected quarters 195 

were milked into quarter-jars, and not into the bulk milk tank, when SCC was > 1.5  10
6
 196 

mL
-1

. Five out of the 24 cows, those exhibiting "short inflammation", had and average 197 

milk loss of 200 L/cow. Nineteen out of the 24 cows, those exhibiting "long 198 

inflammation", had an average milk loss of ~1,500 L/cow. Together, in the farm studied, 199 

E. coli intra-mammary infections resulted in ~1,230 L milk loss per infection, and culling 200 

of five cows. 201 

Pulsed-field gel electrophoresis (PFGE) of the 3 representing bacteria is presented in 202 

Fig. 2, showing differences among the 3 isolates but identical in the 4 isolates of the 203 

chronic cow 2732. In a previous study (Blum et al., 2012) phylogenetic groups, assessed 204 

using a multiplex PCR for detection of three genetic markers, and multilocus sequence 205 

typing (MLST) was performed using partial sequences of seven house-keeping genes to 206 

obtained Sequence Types (ST). The three representatives' bacteria were phylogenetic 207 

groups and ST sign: 3013- B1, 1125: 2874 and 2732-A, 10 respectively.  208 

 209 

Discussion 210 

The objective of the present study was to describe long term effects of intramammary 211 

infections of distinct clinical presentations caused by different strains of E. coli on milk 212 

yield and milk clotting parameters, specifically in regard to cheese production. E. coli 213 

intramammary infections are mostly regarded as clinical and of short duration. That is, in 214 

most cases, there are clear clinical signs of inflammation in the udder, and both gland 215 

function and animal health partial recovery usually fast. Although persistent infections 216 

have been reported before (Dopfer, 1998; Bradley, 2002), these are considered to be rare. 217 

However, elimination of the bacteria and reduction in SCC does not mean complete 218 

recovery and return to milk production. In the present study, based on a range of recovery 219 



parameters, two groups of cows were identified: one set of cows in which inflammation 220 

was of short duration ("short inflammation" cows), and a second set of cows in which 221 

inflammation was of long duration ("long inflammation"). In spite of the common belief, 222 

the "long inflammation" set was actually larger than the "short inflammation" one, 223 

according to the parameters studied. 224 

The effects of intramammary infections are usually assessed in terms of milk yield 225 

and SCC. Together with disappearance of clinical signs and bacterial recovery, these 226 

parameters are normally used to assess the duration of inflammation. Milk yield and SCC 227 

are parameters of great economic importance at the dairy farm level. Milk yield is also a 228 

direct measurement of the productivity of an animal. While daily measurement of milk 229 

yield is usually used to assess the mammary gland health status, the total lactation milk 230 

yield is used to assess the animal's productivity for management purposes. The SCC is an 231 

indirect measurement of the health status of the mammary gland because it is responsive 232 

mainly to intramammary infections. High SCC milk is regarded to be of poor quality due 233 

to the presence of inflammatory elements and other cellular debris in milk, with or 234 

without bacterial findings. In the dairy industry, SCC is a general parameter used to 235 

assess milk quality. Since milk pricing is affected by SCC levels, this too is an important 236 

productivity parameter for dairy farmers. In the present study milk yield and SCC remain 237 

altered in "long inflammation" cows for a long time after disappearance of clinical signs 238 

and bacterial recovery of the gland. Economic loss is therefore higher than the direct 239 

losses calculated around the onset of inflammation and treatment time alone. 240 

Other parameters used to assess milk quality are protein, fat and lactose contents, 241 

which are important parameters in the dairy industry, especially for cheese making. When 242 

milk quality was assessed using these parameters, different effects were further observed 243 

between "short" and "long inflammation" cows. Protein contents were altered only after a 244 



long time of inflammation in the "long inflammation" set of cows (data not available for 245 

"short inflammation" cows). Fat and lactose, on the other hand, were altered after four 246 

days from inflammation in both groups. Fat recovered to normal levels in "short 247 

inflammation" cows, but remained altered throughout the whole study time in "long 248 

inflammation" ones. For lactose, the time for recovery to normal levels was longer than 249 

that of fat contents in "short inflammation" cows. In "long inflammation" animals, lactose 250 

did not recover to normal levels, similarly to fat. For cheese production in particular, two 251 

other parameters are important and should be used to assess milk quality: milk 252 

coagulation time and curd firmness (Law and Tamime, 2010). Higher coagulation time 253 

and lower curd firmness are indicators of low quality milk for cheese production. Both 254 

parameters were altered for a short time in "short inflammation" cows, but remained 255 

altered for the duration of the study for "long inflammation" animals. The interference of 256 

milk from cows after "long inflammation" might be due to changes inflicted by the 257 

'residues' present in the milk on the caseins structure or composition, which result in long 258 

R and low CF. These alterations in milk clotting parameters remain long after the cows 259 

completely recovered from the infection as indicated by low SCC and negative bacterial 260 

isolates.  261 

 E. coli mastitis has been traditionally considered as random environmental and 262 

opportunistic pathogens and the acceptation is that strain variation have little effect on the 263 

severity of bovine clinical mastitis (Burvenich et al., 2003). There is evidence that E. coli 264 

strains that cause mastitis possess phenotypic and genotypic characteristics partly 265 

different from other E. coli strains found in the environment (Blum et al., 2008). 266 

However, specific virulence traits of mastitis strains are yet to be described. The results 267 

of the present study support the idea that different mastitis strains of E. coli are prone to 268 

cause different patterns of infection and inflammation, and thus different levels of long 269 



term effects on milk productivity and quality. A range of virulence traits is therefore 270 

expected to influence E. coli pathogenicity in the mammary gland. In order to identify 271 

what virulence factors may lead to persistent or transient infections, two "long 272 

inflammation" strains, VL2732 and VL2874, respectively originating from cows 2732 273 

and 2874 described above, were selected for further study. 274 

The results presented here show that the mammary gland functionality remains 275 

affected for a long time after the disappearance of clinical signs and bacterial recovery 276 

from an E. coli mastitis episode, in spite of antimicrobial treatment. When milk is to be 277 

used for the production of dairy products, affected quarters should receive special 278 

attention in terms of management. Quarter drying-off should be considered, including for 279 

quarters successfully treated against infecting bacteria. For persistent cases, such as cow 280 

2732, bacterial cleaning may not be obtained even after antimicrobial therapy, regardless 281 

of bacterial antibiotic resistance (data not shown). Moreover, the use of comprehensive 282 

parameters for milk quality allowed the distinction of two different patterns of 283 

inflammation response to E. coli intramammary infections, and the detection of long term 284 

effects of these infections, especially in regards to industrial use of milk for the 285 

production of dairy products. It is shown that the effects of intramammary E. coli 286 

infections reach far beyond the direct economic impact at the single animal or the farm 287 

level, usually measured only by means of milk yield and SCC. 288 

 289 

 290 

 291 

 292 

 293 

 294 



 295 

Table 1. Mean and SE of milk yield, SCC, fat, protein, lactose, coagulation time and curd 296 

firmness of glands with short or long inflammation due to E. coli intramammary 297 

infection. 298 

 Days Bacteria 

positive/

cows 

Milk 
(Kg/d) 

SCC 
(x1000) 

Fat (g/L) Protein 

(g/L) 
Lactose 

(g/L) 
R (Sec) CF (V) 

Uninfected*   45
  40  39

  35
  50

  1000
  14

  

Short (5) 1 5/5 12.5±5
 ∆ >5000

 ∆      
4 0/5 39.4±4 2132±382

 ∆
  27.4±2

 ∆
  38.3±2 42.5±2

 ∆ 3014±320
 ∆ 3.4±1.2

 ∆ 
12 0/5 43.2±2 814±319

 ∆ 45.8±10 47.6±6  43.1±2
 ∆ 2445±1135 8.4±2.1 

20 0/5 44.7±2 48±3 37.9±3 38.6±2 50.0±2 1319±416 11.4±0.1 
28 0/5 43.9±2 66±7 37.2±3 38.9±2 49.4±2 1314±467 12.1±0.2 

Long (19) 1 19/19** 11.2±2
 ∆

 >5000
 ∆      

4 4/19 13.6±3
 ∆

 7319±1129
 ∆ 26.6 ±3

 ∆ 39.0±3 35.5±0
 ∆ >5000

 ∆ 0
 ∆ 

12 3/19 14.1±4
 ∆

 6244±1289
 ∆ 24.1±3

 ∆ 40.4±2 43.6±1
 ∆ 4137±76

 ∆ 1.2±0.4
 ∆ 

20 3/17 17.4±3
 ∆

 3366±525
 ∆ 23.4±4

 ∆ 35.8±1 42.9±0
 ∆ 2655±361

 ∆ 5.6±1.0
 ∆ 

28 1/15 32.6±5
 ∆

 6237±317
 ∆ 19.6±1

 ∆ 34.1±2 45.3±0
 ∆ 3152±392

 ∆ 6.1±0.7
 ∆ 

35 1/13 37.3±3 3237±1067
 ∆ 22.9±3

 ∆ 34.9±1 43.6±3 
∆ 2621±454

 ∆ 7.1±0.8
 ∆ 

49 1/10 37.6±4 2969±677
 ∆ 17.4±3 

∆ 35.2±1 42.4±3 
∆ 3503±611

 ∆ 1.9±0.8
 ∆ 

63 1/7 34.3±6 3563±995
 ∆ 22.2±4

 ∆ 32.9±1
 ∆ 45.1±3 

∆ >5000
 ∆ 0

 ∆ 
135 1/2 35.6±4 5503±1253

 ∆ 22.8±4
 ∆ 33.6±1

 ∆ 43.8±4 
∆ 4277±319

 ∆ 1.6±1.2
 ∆ 

 299 

* Arbitrary values of uninfected glands (Leitner at al., 2011). 300 

** Positive cows per number of cows tested. 301 

 302 

Parameters within the same column with ∆ superscript differ significantly (P < 0.001) 303 

from the arbitrary values of uninfected glands. 304 

 305 

 306 

 307 

 308 

 309 

 310 

 311 



Table 2. Mean and SE of total leukocytes (CD18
+
), epithelial cells (CD18

-
), PMN, CD4+ 312 

or CD8+ T-leucocytes and CD14+ macrophages in milk of gland with short or long 313 

inflammation due to E. coli intramammary infections.   314 

 Days Cows CD18
+
 CD18

-
 PMN CD4

+
 CD8

+
 CD 14

+
 

Uninfected*   55 45 30 6 8 8 

Short (5) 1 5       

4 5 95.1±1.6
 ∆ 4.9±1.6

 ∆ 90.1±1.4
A ∆ 1.0±0

 ∆ 1.0±0
 ∆ 3.2±1.2

B ∆ 
12 5 87.5±3.7

 ∆ 12.5±3.7
 ∆ 67.5±4.1

 ∆ 4.8±2.5 5.5±2.1 4.1±0.9 
20 5 83.2±3.7

 ∆ 16.8±3.7
 ∆ 62.0±9.5

 ∆ 3.7±1.4 6.3±2.2 7.3±3.4 
28 5  63.2±11.1  36.8±11.1  45.7±5.9  3.3±0.3

   4.3±0.3
   7.1±2.7 

Long (19) 1 19**       
4 19 88.0±1.3

 ∆ 12.0±1.3
 ∆ 77.2±1.8

B ∆ 2.4±0.5
 ∆ 2.3±0.4

 ∆ 8.7±0.7
A  

12 19 86.8±1.7
 ∆ 13.2±1.7

 ∆ 74.2±2.1
 ∆ 1.8±0.4

 ∆ 2.8±0.5
 ∆ 8.7±0.9

  
20 17 88.3±2.1

 ∆ 11.7±2.1
 ∆ 64.5±5.3

 ∆ 3.8±1.1
  4.0±1.1

  8.3±0.7 
28 15 83.0±1.7

 ∆ 17.0±1.7
 ∆ 74.4±2.4

 ∆ 2.0±0.8
 ∆ 1.4±0.4

 ∆ 5.4±0.9 
35 13 85.2±2.1

 ∆ 14.8±2.1
 ∆ 58.0±8.7 1.0±0.3

 ∆ 2.6±0.7
 ∆ 7.5±1.0 

49 10 86.5±1.5
 ∆ 13.5±1.5

∆ 58.0±5.3 4.0±0.9
  6.0±2.1

  15.3±3.0 
63 7 87.5±1.8

 ∆ 12.5±1.8
 ∆ 78.0±2.5

 ∆ 1.0±0.3
 ∆  1.0±2.3

 ∆  7.3±1.3 
135 2 84.5±3.5

 ∆ 15.5±3.5
 ∆ 81.5±2.8

 ∆ 0
 ∆  0

 b 3±0.6
 b 

 315 

* Arbitrary values of uninfected glands (Leitner at al., 2012).   316 

** Positive cows per number of cows tested. 317 

Parameters within the same column with Δ superscript differ significantly (P < 0.001) 318 

from the arbitrary values of uninfected glands. 319 

320 



 321 

 322 

 323 

Figure 1a. Lactation curve of cow 3013, representing "short inflammation" cows. 324 

Thick line, actual milk yield; thin line, predicted milk yield curve. Total lactation 325 

milk yield was 10,900 L. 326 

327 



 328 

 329 

 330 

Figure 1 b. Lactation curve of cow 2874, representing "long inflammation" cows with 331 

complete recovery. Thick line, actual milk yield; thin line, predicted milk yield curve. 332 

Dashed area represents milk loss [predicted milk yield - actual milk yield; i.e., 14,524 -  333 

12,814 = -1,710 L milk]. 334 

335 



 336 
 337 

 338 

Figure 1 c. Lactation curve of cow 2732, representing "long inflammation" cows with 339 

persistent intramammary infection. Total milk yield was 12,800 L. 340 

 341 

342 



 343 

 344 

Figure 2. PFGE of XbaI DNA restriction patterns of E. coli isolated from cows 2874, 345 

3013 and four isolates from cow 2732. The same strain was isolated throughout six 346 

months in cow 2732, confirming a persistent infection. 347 

 348 

 349 

 350 

 351 

 352 

 353 

 354 

 355 

 356 

 357 

 358 

 359 

 360 

 361 

 362 

 363 
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