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ABSTRACT.	 We evaluated the relationship between the severity of coliform mastitis and bacterial 
load in 106 quarter milk samples. We found no significant relationship between somatic cell count 
and coliform bacterial load in milk in bovine clinical coliform mastitis. Results of the Cochran-
Armitage test for trend in milk bacterial load proportions indicated a significant decreasing low 
group (P<0.001), increasing medium group (P<0.002) and increasing high group (P<0.02) with 
increasing clinical grade. The present study indicates that the coliform bacterial load in milk is 
significantly associated with clinical severity states in cases of bovine coliform mastitis, and can be 
a useful indicator for optimal management of this disease.

KEY WORDS:	 bacterial load, clinical severity states, coliform mastitis

Bovine mastitis, an inflammatory disease in dairy cows caused by bacterial infection of the mammary gland, has detrimental 
effects on milk quantity and quality [16, 33]. It is a complex disease responsible for serious economic loss in the dairy industry 
[16, 19]. Successful treatment of mastitis is dependent on early detection and proper diagnosis, including accurate identification of 
the pathogen involved, because the treatment varies depending on the causative pathogen [13]. Therefore, it is extremely important 
to identify causative bacteria for the treatment of bovine mastitis.

Coliform bacteria such as Escherichia coli (E. coli) and Klebsiella sp. are prevalent in the bovine environment and are among 
the most common mastitis-causing pathogens responsible for eliciting obvious clinical symptoms in cows [28]. The infection 
is initiated by the entry of the bacteria through the teat canal, and after a short infection period, is characterized by a strong 
inflammatory response, including influx of neutrophils into the udder [2, 11]. In dairy cows, coliform mastitis can range from a 
mild disease of short duration to a severe, peracute, life-threatening condition. The severity of coliform mastitis is associated with 
the degree of production loss and clinical outcome [40]. Therefore, evaluating the severity of coliform mastitis in dairy cows is 
important in determining appropriate treatment and making sound management decisions.

Various scoring systems have been developed to quantify the severity of clinical mastitis. In most of these scoring systems, 
disease severity is determined according to normal or abnormal physical characteristics of the mammary gland and milk, and the 
presence or absence of systemic signs of disease; thus, the severity of bovine mastitis is associated with the degree of mammary 
gland damage [1, 31, 40]. In a previous study of a case of bovine mastitis caused by Staphylococcus aureus (S. aureus), we found 
a significant correlation between the S. aureus load and the proportion of mammary epithelial cells in milk, indicating that the 
S. aureus load in milk reflects the exfoliation of mammary epithelial cells due to mammary damage [29]. Thus, the bacteria load 
in milk may be one of the factors that an indicator of the severity of bovine mastitis. In addition, the probability of a successful 
treatment outcome depends on both the cow’s condition and various pathogenic factors related to the infected udder [43]. 
Evaluation criteria for determining the economic value of the cow and/or udders are often based on only the somatic cell count 
(SCC) of the milk [22]. However, although the bacterial load and SCC in milk are potential factors determining the severity of 
coliform mastitis, little is known about the relationship between the severity of coliform mastitis and these factors. Identification of 
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good indicators of the severity of this disease would be helpful in determining the prognosis and optimal clinical management, and 
evaluating the treatment effect.

Therefore, in the present study, we evaluated the relationship between coliform bacteria load or SCC in mammary secreted milk 
and the severity of coliform mastitis according to systematic grading. The study results would provide information that would 
enable accurate diagnosis and optimal treatment of coliform mastitis.

Quarter milk samples from Holstein dairy cows with clinical mastitis were collected between 2016 and 2017 from dairy farms 
located in Ishikari district, Hokkaido, Japan. All cows examined in this study had no history of bovine mastitis before the present 
study. These cows had been examined for clinical mastitis by farm workers and/or veterinarians, and milk samples for bacteria 
isolation were collected aseptically prior to antimicrobial treatment during the initial farm visit by veterinarians.

Farm workers and/or veterinarians were trained to classify the severity of clinical mastitis by using a previously defined scoring 
system as follows [31]: mild (grade 1), when only the milk was abnormal (flakes, clots, or serous milk); moderate (grade 2), when 
abnormal milk was accompanied by swelling or redness of the mammary gland; or severe (grade 3), when the cow exhibited 
systemic signs of illness such as depression, anorexia, dehydration, or fever. These scores were added to the clinical records.

The coliform bacterial load and SCC of the milk samples were measured as follows. First, 50 µl of each sample was plated on 
a sheep blood agar plate (Nissui pharmaceutical, Tokyo, Japan). Then, after 24 hr of incubation at 37°C, each plate was inspected 
for bacterial growth, which was identified as coliform by colony characteristics. We considered milk samples to be contaminated 
if three or more kinds of different bacterial species were clearly observed on these bacterial cultures, and these samples were 
excluded from this study as described by Pinzón-Sánchez and Ruegg [31]. To measure the coliform bacteria load, we spread a 1-ml 
aliquot of each milk sample on a Petrifilm coliform count plate (3M, Minneapolis, MN, U.S.A.), which is known as suitable for 
identifying mastitis pathogens [14, 25, 26], incubated the plates at 37°C for 24 hr, and then counted the colonies. The counts were 
used to calculate the colony forming units (CFU)/ml. The milk samples were divided into three tertiles according to their coliform 
bacteria load: low (0< log10 CFU ≤3), medium (3< log10 CFU ≤6), and high (6< log10 CFU) coliform bacterial load groups. The 
SCC of the milk was measured using a DeLaval cell counter DCC (DeLaval, Tumba, Sweden) as described by Kawai et al [23].

A one-way ANOVA was conducted using SPSS software (IBM SPSS Statistics version 25, Tokyo, Japan). Prior to performing 
the statistical analysis, we converted the SCC and coliform bacteria load data to log10 to obtain a normal distribution. Statistical 
analyses were performed using one-way ANOVA followed by Scheffe’s test to evaluate statistical differences among the coliform 
bacterial load groups. A test for trends in clinical severity states was performed using a Cochran-Armitage test for each bacterial 
load group. The Cochran-Armitage trend test was conducted using R software (R core team, 2016). P-values <0.05 were 
considered statistically significant.

A total of 206 quarter milk samples were initially identified as eligible for inclusion in this study. After performing bacterial 
cultures, nine samples were excluded because of contamination. Of the remaining samples, 106 yielded colonies of coliform 
bacteria on Petrifilm Coliform count plates, and these samples were used for the subsequent analysis. On the basis of the coliform 
bacteria load, we classified the 106 milk samples into low (n=36), medium (n=47), and high (n=23) coliform bacterial load groups. 
Moreover, on the basis of the severity scoring system, the 106 milk samples were divided into grade 1 (n=18), grade 2 (n=14), and 
grade 3 (n=74) clinical score groups.

First, we investigated the relationship between the SCC and severity score or coliform bacteria load. No significant differences in 
SCC could be detected among the severity score groups (average SCC in grade 1, grade 2, and grade 3 groups was 6.9, 6.6, and 6.5 
counts/ml respectively) or the coliform bacterial load groups (average SCC in low, medium, and high groups was 6.5, 6.6, and 6.9 
counts/ml, respectively; Fig. 1A and 1B). Next, we investigated the relationship between the severity score and coliform bacteria 
load in milk. Results of the Cochran-Armitage test for trend in proportions indicated a significant decreasing low group (P<0.001), 
increasing medium group (P<0.002) and increasing high group (P<0.02) with increasing clinical grade (Fig. 2).

Evaluating the severity of bovine mastitis caused by coliform bacteria in dairy cows is important in determining appropriate 
treatment and making milk production predictions. We focused on coliform bacterial load and SCC in milk as indicator of the 
severity of bovine mastitis, and investigated the relationship between coliform bacterial load, SCC in milk, and the severity of 
mastitis according to a clinical severity scoring system.

Disease severity is determined by interactions between the host, environment, and infectious agent. The SCC in milk is 
considered to be a marker for the onset of bovine mastitis [22, 35]. However, in this study, we investigated the relationship between 
the SCC and severity score or coliform bacterial load in cows with clinical coliform mastitis, but found no significant correlation 
(Fig. 1A and 1B). Previous studies have demonstrated that the SCC in milk is affected by many bovine factors such as cattle 
species, milk production level, and lactation stage [10, 34, 37]. Moreover, somatic cells, which include neutrophils, macrophages, 
and dendritic cells, play an important role in the defense mechanism of the mammary gland. Indeed, we have also investigated the 
relationship between the SCC and S. aureus load in the milk of an experimental model of S. aureus-induced mastitis, but found no 
significant correlations [29]. Although SCC itself is thought to be a useful marker for the onset of bovine mastitis, we concluded 
that it is unsuitable as criteria for directly evaluating the severity of coliform mastitis. However, the dynamics of bacterial growth 
and elimination from infected glands are determined by many factors. Burvenich et al. [9] concluded that the severity of E. coli 
mastitis is strongly correlated with bovine host factors rather than bacterial pathogenicity. In their report, they suggested that 
the number of bacteria in the mammary gland is likely dependent on the innate immunity of the cow, specifically on neutrophil 
function. Indeed, the severity of experimentally induced E. coli mastitis during early lactation was strongly correlated with the 
pre-infection innate capacity of isolated blood neutrophils to generate reactive oxygen species after zymosan and phorbol ester 
stimulation and on the chemotactic response of these cells [17, 24, 27]. Future studies should aim to elucidate the role of SCC, 
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Fig. 1.	 Comparison of somatic cell counts among clinical se-
verity score and coliform bacterial load groups. (A) On the 
basis of clinical severity scores, we divided 106 milk samples 
into three tertiles: grade 1 (n=18), grade 2 (n=14), and grade 
3 (n=74) clinical score groups. Each data point represents one 
quarter milk sample (White circle, n=106), and the bar repre-
sents the mean. (B) On the basis of coliform bacterial loads, 
we divided 106 milk samples into three tertiles: low (n=36), 
medium (n=47), and high (n=23) coliform bacterial load 
groups. Each data point represents one quarter milk sample 
(n=106), and the bar represents the mean. White circles, grade 
1; gray circles, grade 2; black circles; grade 3. SCC=somatic 
cell count. CFU=colony forming units.

Fig. 2.	 Distribution of cows among the severity score and coliform bacteria load groups. On the basis of coliform bacteria loads, we 
divided 106 milk samples into three tertiles: grade 1 (n=18), grade 2 (n=14), and grade 3 (n=74) clinical score groups. The stacked 
bar graph shows the distribution of cows in each coliform bacterial load group between the three different clinical severity grades: low 
(white), medium (gray), and high (black). Values are given as number of cows (%). CFU=colony forming units.
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including the individual cell types comprising the SCC, and the relationship of the number of each of these cell types with the 
severity of coliform mastitis.

Next, we investigated the relationship between the severity scores and coliform bacteria load. Results of the Cochran-Armitage 
test for trend in proportions indicated a significant decreasing low group, increasing medium group and increasing high group with 
increasing clinical grade (Fig. 2). Previous studies in cows with experimentally induced coliform mastitis have shown significant 
positive correlations between the number of E. coli in milk, milk endotoxin concentration, and severity of systemic clinical signs 
[21]. Endotoxin, also known as lipopolysaccharide, is a structural component of the outer membrane of all gram-negative bacteria, 
including E. coli and Klebsiella spp. [38, 42]. Endotoxin is a potent stimulator of the immune system of animals, and clinical 
disease occurs either when an excessive amount is released within the body or when the host responds in an overly sensitive 
manner [32]. Most of the clinical disease signs associated with acute coliform mastitis are attributed to the endotoxin-mediated 
induction of endogenous inflammatory mediators, especially the cytokine tumor necrosis factor-α [20, 21]. Thus, the severity 
of coliform mastitis could be dependent on endotoxin-induced immune mediator responses. Indeed, Wenz et al. demonstrated a 
positive relationship between systemic severity signs and the number of bacteria in the infected mammary glands of dairy cows 
with acute coliform mastitis [39]. Taken together, these reports and our present study results indicate that the number of bacteria in 
the mammary gland is directly associated with clinical disease severity.

In the present study, we did not evaluate the differences in the species of coliform bacteria. The most common species, isolated 
in more than 80% of cases of coliform mastitis, is E. coli [7]. In addition, this bacterial species is the most common cause of 
clinical mastitis in well-managed dairy herds with low milk somatic cell counts [3, 8]. However, Klebsiella spp. may also cause 
either individual clinical mastitis cases or outbreaks in dairy herds [28, 30]. Economic losses due to Klebsiella spp. are much 
greater than those due to E. coli because of reduced survival and milk production [12, 15]. In future studies, it is necessary to 
further investigate the relationship between severity score in coliform mastitis and bacterial load of each of the different coliform 
bacterial species.

Interestingly, the present study indicated that few cases were categorized with low bacterial loads, yet classified as grade 3 with 
systemic symptoms, and cases categorized with high bacterial loads, were yet classified grade 1 with only local symptoms (Fig. 
2). This fact indicates that severity state based on coliform bacteria load does not necessarily depend on bacteria count. In some 
cases, in the low bacterial load group with systemic symptoms, one plausible explanation is that excess endotoxin remains in the 
mammary gland, and indicates that the infection caused by endotoxin of coliform pathogens is continuing. Indeed, direct injection 
of lipopolysaccharide into the mammary gland reveals signs such as coliform mastitis, despite no living bacterial pathogens and no 
control associated with bacterial growth [36, 41]. On the other hand, in the case of high bacterial load with only local symptoms, 
it is necessary to consider that multiple factors such as strain differences and bovine sensitive host factors. Recently, Blum et al. 
indicated that differences in the intensity and duration of SCC, milk yield, bacterial count, and other mammary immune responses 
were observed in a challenge study comparing a strain of E. coli isolated from the environment and peracute, recurrent, and acute 
mastitis. In particular, the K71 strain of E. coli from the environment did not elicit inflammation in bovine mammary glands [5]. 
In addition, one recent report showed that the pathogenicity of E. coli causing mastitis in cows is dependent on the fec locus of 
the ferric citrate uptake system [4]. These results indicate that the severity of coliform mastitis may be dependent on variations 
within single bacteria species. Another reason is that milk yield may affect the concentration of bacterial load. In rare cases, there 
are long term detrimental effects on mammary gland health and milk quality following an E. coli mastitis infection, and in some 
cases the mammary gland does not fully recover, resulting in reduced milk yield [6]. As we do not have data on milk yield in this 
study, future research needs to evaluate changes in concentration of bacterial load and the decreasing milk yield caused by coliform 
mastitis. Additionally, persistent E. coli infections in the mammary gland causing recurrent episodes of mastitis have long been 
documented [18]. Generally, cases with recurrent infections are more difficult to treat, and treatment is different from treatment 
for the initial infection. Thus, the medical history of the cow also needs to be considered for the prognosis and optimal clinical 
management; however, the present study focused on initial coliform mastitis infections. It is important that future research also 
focuses on the endotoxins of the coliform pathogen, strain differences, and bovine sensitive host factor, to further elucidated the 
precise relationship between bacterial load and severity state.

In conclusion, the present study revealed increasing bacterial loads with increasing severity grade, and thus demonstrated that 
coliform bacterial load in milk is associated with clinical severity score of bovine mastitis. In future studies of cows with coliform 
mastitis, measurement of bacteria load could help reduce confounding associated with disease severity and increase the accuracy 
of result comparisons among studies. The present study results suggest that measurement of bacteria load could be important for 
determining appropriate treatment and making sound management decisions in coliform mastitis.

ACKNOWLEDGMENTS. This study was supported by Asahi Kasei Corporation. The authors thank the owners and staff of the col-
laborating dairy farms for permitting us to use the milk samples. The authors would like to thank Dr. Takeshi Yamazaki for handling 
of the statistical analyses.

REFERENCES

	 1.	 Atalla, H., Gyles, C., Wilkie, B., Leslie, K. and Mallard, B. 2009. Somatic cell scores and clinical signs following experimental intramammary 
infection of dairy cows with a Staphylococcus aureus small colony variant (S. aureus SCV) in comparison to other bovine strains. Vet. Microbiol. 
137: 326–334. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/19233574?dopt=Abstract
http://dx.doi.org/10.1016/j.vetmic.2009.01.027


BACTERIAL LOAD REFLECTS SEVERITY OF MASTITIS

111doi: 10.1292/jvms.18-0581

	 2.	 Bannerman, D. D., Paape, M. J., Lee, J. W. J., Zhao, X., Hope, J. C. and Rainard, P. 2004. Escherichia coli and Staphylococcus aureus elicit 
differential innate immune responses following intramammary infection. Clin. Diagn. Lab. Immunol. 11: 463–472. [Medline]

	 3.	 Barkema, H. W., Schukken, Y. H., Lam, T. J. G. M., Beiboer, M. L., Wilmink, H., Benedictus, G. and Brand, A. 1998. Incidence of clinical mastitis 
in dairy herds grouped in three categories by bulk milk somatic cell counts. J. Dairy Sci. 81: 411–419. [Medline]  [CrossRef]

	 4.	 Blum, S. E., Goldstone, R. J., Connolly, J. P. R., Répérant-Ferter, M., Germon, P., Inglis, N. F., Krifucks, O., Mathur, S., Manson, E., Mclean, 
K., Rainard, P., Roe, A. J., Leitner, G. and Smith, D. G. E. 2018. Postgenomics characterization of an essential genetic determinant of mammary 
pathogenic Escherichia coli. MBio 9: e00423–e00518. [Medline]  [CrossRef]

	 5.	 Blum, S. E., Heller, E. D., Jacoby, S., Krifucks, O. and Leitner, G. 2017. Comparison of the immune responses associated with experimental bovine 
mastitis caused by different strains of Escherichia coli. J. Dairy Res. 84: 190–197. [Medline]  [CrossRef]

	 6.	 Blum, S. E., Heller, E. D. and Leitner, G. 2014. Long term effects of Escherichia coli mastitis. Vet. J. 201: 72–77. [Medline]  [CrossRef]
	 7.	 Botrel, M. A., Haenni, M., Morignat, E., Sulpice, P., Madec, J. Y. and Calavas, D. 2010. Distribution and antimicrobial resistance of clinical and 

subclinical mastitis pathogens in dairy cows in Rhône-Alpes, France. Foodborne Pathog. Dis. 7: 479–487. [Medline]  [CrossRef]
	 8.	 Bradley, A. J., Leach, K. A., Breen, J. E., Green, L. E. and Green, M. J. 2007. Survey of the incidence and aetiology of mastitis on dairy farms in 

England and Wales. Vet. Rec. 160: 253–257. [Medline]  [CrossRef]
	 9.	 Burvenich, C., Van Merris, V., Mehrzad, J., Diez-Fraile, A., Duchateau, L., Van Merris, V., Mehrzad, J., Diez-Fraile, A. and Duchateau, L. 2003. 

Severity of E. coli mastitis is mainly determined by cow factors. Vet. Res. 34: 521–564. [Medline]  [CrossRef]
	10.	 Carlén, E., Strandberg, E. and Roth, A. 2004. Genetic parameters for clinical mastitis, somatic cell score, and production in the first three lactations 

of Swedish holstein cows. J. Dairy Sci. 87: 3062–3070. [Medline]  [CrossRef]
	11.	 Contreras, G. A. and Rodríguez, J. M. 2011. Mastitis: comparative etiology and epidemiology. J. Mammary Gland Biol. Neoplasia 16: 339–356. 

[Medline]  [CrossRef]
	12.	 Erskine, R. J., Bartlett, P. C., VanLente, J. L. and Phipps, C. R. 2002. Efficacy of systemic ceftiofur as a therapy for severe clinical mastitis in dairy 

cattle. J. Dairy Sci. 85: 2571–2575. [Medline]  [CrossRef]
	13.	 Erskine, R. J., Wagner, S. and DeGraves, F. J. 2003. Mastitis therapy and pharmacology. Vet. Clin. North Am. Food Anim. Pract. 19: 109–138, vi. 

[Medline]  [CrossRef]
	14.	 Gitau, G. K., Bundi, R. M., Vanleeuwen, J. and Mulei, C. M. 2013. Evaluation of Petrifilms(TM) as a diagnostic test to detect bovine mastitis 

organisms in Kenya. Trop. Anim. Health Prod. 45: 883–886. [Medline]  [CrossRef]
	15.	 Gröhn, Y. T., Wilson, D. J., González, R. N., Hertl, J. A., Schulte, H., Bennett, G. and Schukken, Y. H. 2004. Effect of pathogen-specific clinical 

mastitis on milk yield in dairy cows. J. Dairy Sci. 87: 3358–3374. [Medline]  [CrossRef]
	16.	 Halasa, T., Huijps, K., Østerås, O. and Hogeveen, H. 2007. Economic effects of bovine mastitis and mastitis management: a review. Vet. Q. 29: 

18–31. [Medline]  [CrossRef]
	17.	 Heyneman, R., Burvenich, C. and Vercauteren, R. 1990. Interaction between the respiratory burst activity of neutrophil leukocytes and 

experimentally induced Escherichia coli mastitis in cows. J. Dairy Sci. 73: 985–994. [Medline]  [CrossRef]
	18.	 Hill, A. W. and Shears, A. L. 1979. Recurrent coliform mastitis in the dairy cow. Vet. Rec. 105: 299–301. [Medline]  [CrossRef]
	19.	 Hillerton, J. E. and Berry, E. A. 2005. Treating mastitis in the cow--a tradition or an archaism. J. Appl. Microbiol. 98: 1250–1255. [Medline]  

[CrossRef]
	20.	 Hirvonen, J., Eklund, K., Teppo, A. M., Huszenicza, G., Kulcsar, M., Saloniemi, H. and Pyörälä, S. 1999. Acute phase response in dairy cows with 

experimentally induced Escherichia coli mastitis. Acta Vet. Scand. 40: 35–46. [Medline]
	21.	 Hoeben, D., Burvenich, C., Trevisi, E., Bertoni, G., Hamann, J., Bruckmaier, R. M. and Blum, J. W. 2000. Role of endotoxin and TNF-alpha in the 

pathogenesis of experimentally induced coliform mastitis in periparturient cows. J. Dairy Res. 67: 503–514. [Medline]  [CrossRef]
	22.	 Jones, G. M., Pearson, R. E., Clabaugh, G. A. and Heald, C. W. 1984. Relationships between somatic cell counts and milk production. J. Dairy Sci. 

67: 1823–1831. [Medline]  [CrossRef]
	23.	 Kawai, K., Hayashi, T., Kiku, Y., Chiba, T., Nagahata, H., Higuchi, H., Obayashi, T., Itoh, S., Onda, K., Arai, S., Sato, R. and Oshida, T. 2013. 

Reliability in somatic cell count measurement of clinical mastitis milk using DeLaval cell counter. Anim. Sci. J. 84: 805–807. [Medline]  [CrossRef]
	24.	 Kremer, W. D. J., Noordhuizen-Stassen, E. N., Grommers, F. J., Daemen, A. J. J. M., Brand, A. and Burvenich, C. 1993. Blood polymorphonuclear 

leukocyte chemotaxis during experimental Escherichia coli bovine mastitis. J. Dairy Sci. 76: 2613–2618. [Medline]  [CrossRef]
	25.	 Mansion-de Vries, E. M., Knorr, N., Paduch, J. H., Zinke, C., Hoedemaker, M. and Krömker, V. 2014. A field study evaluation of Petrifilm™ plates 

as a 24-h rapid diagnostic test for clinical mastitis on a dairy farm. Prev. Vet. Med. 113: 620–624. [Medline]  [CrossRef]
	26.	 McCarron, J. L., Keefe, G. P., McKenna, S. L., Dohoo, I. R. and Poole, D. E. 2009. Laboratory evaluation of 3M Petrifilms and University of 

Minnesota Bi-plates as potential on-farm tests for clinical mastitis. J. Dairy Sci. 92: 2297–2305. [Medline]  [CrossRef]
	27.	 Mehrzad, J., Duchateau, L. and Burvenich, C. 2005. High milk neutrophil chemiluminescence limits the severity of bovine coliform mastitis. Vet. 

Res. 36: 101–116. [Medline]  [CrossRef]
	28.	 Munoz, M. A., Welcome, F. L., Schukken, Y. H. and Zadoks, R. N. 2007. Molecular epidemiology of two Klebsiella pneumoniae mastitis outbreaks 

on a dairy farm in New York State. J. Clin. Microbiol. 45: 3964–3971. [Medline]  [CrossRef]
	29.	 Nagasawa, Y., Kiku, Y., Sugawara, K., Tanabe, F. and Hayashi, T. 2018. Exfoliation rate of mammary epithelial cells in milk on bovine mastitis 

caused by Staphylococcus aureus is associated with bacterial load. Anim. Sci. J. 89: 259–266. [Medline]  [CrossRef]
	30.	 Olde Riekerink, R. G. M., Barkema, H. W., Kelton, D. F. and Scholl, D. T. 2008. Incidence rate of clinical mastitis on Canadian dairy farms. J. 

Dairy Sci. 91: 1366–1377. [Medline]  [CrossRef]
	31.	 Pinzón-Sánchez, C. and Ruegg, P. L. 2011. Risk factors associated with short-term post-treatment outcomes of clinical mastitis. J. Dairy Sci. 94: 

3397–3410. [Medline]  [CrossRef]
	32.	 Piotrowska-Tomala, K. K., Siemieniuch, M. J., Szóstek, A. Z., Korzekwa, A. J., Woclawek-Potocka, I., Galváo, A. M., Okuda, K. and Skarzynski, 

D. J. 2012. Lipopolysaccharides, cytokines, and nitric oxide affect secretion of prostaglandins and leukotrienes by bovine mammary gland epithelial 
cells. Domest. Anim. Endocrinol. 43: 278–288. [Medline]  [CrossRef]

	33.	 Plastridge, W. N. 1958. Bovine Mastitis: A Review. J. Dairy Sci. 41: 1141–1181.  [CrossRef]
	34.	 Pösö, J. and Mäntysaari, E. A. 1996. Relationships between clinical mastitis, somatic cell score, and production for the first three lactations of 

Finnish Ayrshire. J. Dairy Sci. 79: 1284–1291. [Medline]  [CrossRef]
	35.	 Schwarz, D., Diesterbeck, U. S., König, S., Brügemann, K., Schlez, K., Zschöck, M., Wolter, W. and Czerny, C. P. 2011. Microscopic differential 

cell counts in milk for the evaluation of inflammatory reactions in clinically healthy and subclinically infected bovine mammary glands. J. Dairy 
Res. 78: 448–455. [Medline]  [CrossRef]

	36.	 Schmitz, S., Pfaffl, M. W., Meyer, H. H. D. and Bruckmaier, R. M. 2004. Short-term changes of mRNA expression of various inflammatory factors 
and milk proteins in mammary tissue during LPS-induced mastitis. Domest. Anim. Endocrinol. 26: 111–126. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/15138171?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9532494?dopt=Abstract
http://dx.doi.org/10.3168/jds.S0022-0302(98)75591-2
http://www.ncbi.nlm.nih.gov/pubmed/29615502?dopt=Abstract
http://dx.doi.org/10.1128/mBio.00423-18
http://www.ncbi.nlm.nih.gov/pubmed/28524018?dopt=Abstract
http://dx.doi.org/10.1017/S0022029917000206
http://www.ncbi.nlm.nih.gov/pubmed/24906501?dopt=Abstract
http://dx.doi.org/10.1016/j.tvjl.2014.04.008
http://www.ncbi.nlm.nih.gov/pubmed/19919286?dopt=Abstract
http://dx.doi.org/10.1089/fpd.2009.0425
http://www.ncbi.nlm.nih.gov/pubmed/17322356?dopt=Abstract
http://dx.doi.org/10.1136/vr.160.8.253
http://www.ncbi.nlm.nih.gov/pubmed/14556694?dopt=Abstract
http://dx.doi.org/10.1051/vetres:2003023
http://www.ncbi.nlm.nih.gov/pubmed/15375069?dopt=Abstract
http://dx.doi.org/10.3168/jds.S0022-0302(04)73439-6
http://www.ncbi.nlm.nih.gov/pubmed/21947764?dopt=Abstract
http://dx.doi.org/10.1007/s10911-011-9234-0
http://www.ncbi.nlm.nih.gov/pubmed/12416809?dopt=Abstract
http://dx.doi.org/10.3168/jds.S0022-0302(02)74340-3
http://www.ncbi.nlm.nih.gov/pubmed/12682938?dopt=Abstract
http://dx.doi.org/10.1016/S0749-0720(02)00067-1
http://www.ncbi.nlm.nih.gov/pubmed/23108587?dopt=Abstract
http://dx.doi.org/10.1007/s11250-012-0286-y
http://www.ncbi.nlm.nih.gov/pubmed/15377615?dopt=Abstract
http://dx.doi.org/10.3168/jds.S0022-0302(04)73472-4
http://www.ncbi.nlm.nih.gov/pubmed/17471788?dopt=Abstract
http://dx.doi.org/10.1080/01652176.2007.9695224
http://www.ncbi.nlm.nih.gov/pubmed/2161024?dopt=Abstract
http://dx.doi.org/10.3168/jds.S0022-0302(90)78756-5
http://www.ncbi.nlm.nih.gov/pubmed/390847?dopt=Abstract
http://dx.doi.org/10.1136/vr.105.13.299
http://www.ncbi.nlm.nih.gov/pubmed/15916638?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2672.2005.02649.x
http://www.ncbi.nlm.nih.gov/pubmed/10418194?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11131064?dopt=Abstract
http://dx.doi.org/10.1017/S0022029900004489
http://www.ncbi.nlm.nih.gov/pubmed/6480964?dopt=Abstract
http://dx.doi.org/10.3168/jds.S0022-0302(84)81510-6
http://www.ncbi.nlm.nih.gov/pubmed/24128130?dopt=Abstract
http://dx.doi.org/10.1111/asj.12136
http://www.ncbi.nlm.nih.gov/pubmed/8227662?dopt=Abstract
http://dx.doi.org/10.3168/jds.S0022-0302(93)77596-7
http://www.ncbi.nlm.nih.gov/pubmed/24382427?dopt=Abstract
http://dx.doi.org/10.1016/j.prevetmed.2013.11.019
http://www.ncbi.nlm.nih.gov/pubmed/19389988?dopt=Abstract
http://dx.doi.org/10.3168/jds.2008-1661
http://www.ncbi.nlm.nih.gov/pubmed/15610727?dopt=Abstract
http://dx.doi.org/10.1051/vetres:2004055
http://www.ncbi.nlm.nih.gov/pubmed/17928424?dopt=Abstract
http://dx.doi.org/10.1128/JCM.00795-07
http://www.ncbi.nlm.nih.gov/pubmed/28891152?dopt=Abstract
http://dx.doi.org/10.1111/asj.12886
http://www.ncbi.nlm.nih.gov/pubmed/18349229?dopt=Abstract
http://dx.doi.org/10.3168/jds.2007-0757
http://www.ncbi.nlm.nih.gov/pubmed/21700025?dopt=Abstract
http://dx.doi.org/10.3168/jds.2010-3925
http://www.ncbi.nlm.nih.gov/pubmed/22608768?dopt=Abstract
http://dx.doi.org/10.1016/j.domaniend.2012.04.005
http://dx.doi.org/10.3168/jds.S0022-0302(58)91071-3
http://www.ncbi.nlm.nih.gov/pubmed/8872724?dopt=Abstract
http://dx.doi.org/10.3168/jds.S0022-0302(96)76483-4
http://www.ncbi.nlm.nih.gov/pubmed/21843398?dopt=Abstract
http://dx.doi.org/10.1017/S0022029911000574
http://www.ncbi.nlm.nih.gov/pubmed/14757184?dopt=Abstract
http://dx.doi.org/10.1016/j.domaniend.2003.09.003


Y. NAGASAWA ET AL.

112doi: 10.1292/jvms.18-0581

	37.	 Sharma, N., Singh, N. K. and Bhadwal, M. S. 2011. Relationship of somatic cell count and mastitis: An overview. Asian-Australas. J. Anim. Sci. 24: 
429–438.  [CrossRef]

	38.	 Vinogradov, E., Frirdich, E., MacLean, L. L., Perry, M. B., Petersen, B. O., Duus, J. Ø. and Whitfield, C. 2002. Structures of lipopolysaccharides 
from Klebsiella pneumoniae. Eluicidation of the structure of the linkage region between core and polysaccharide O chain and identification of the 
residues at the non-reducing termini of the O chains. J. Biol. Chem. 277: 25070–25081. [Medline]  [CrossRef]

	39.	 Wenz, J. R., Barrington, G. M., Garry, F. B., Dinsmore, R. P. and Callan, R. J. 2001. Use of systemic disease signs to assess disease severity in dairy 
cows with acute coliform mastitis. J. Am. Vet. Med. Assoc. 218: 567–572. [Medline]  [CrossRef]

	40.	 Wenz, J. R., Garry, F. B. and Barrington, G. M. 2006. Comparison of disease severity scoring systems for dairy cattle with acute coliform mastitis. 
J. Am. Vet. Med. Assoc. 229: 259–262. [Medline]  [CrossRef]

	41.	 Werner-Misof, C., Macuhova, J., Tancin, V. and Bruckmaier, R. M. 2007. Dose dependent changes in inflammatory parameters in the milk of dairy 
cows after intramammary infusion of lipopolysaccharide. Vet. Med. (Praha) 52: 95–102.  [CrossRef]

	42.	 Wu, E. L., Engström, O., Jo, S., Stuhlsatz, D., Yeom, M. S., Klauda, J. B., Widmalm, G. and Im, W. 2013. Molecular dynamics and NMR 
spectroscopy studies of E. coli lipopolysaccharide structure and dynamics. Biophys. J. 105: 1444–1455. [Medline]  [CrossRef]

	43.	 Zwald, A. G., Ruegg, P. L., Kaneene, J. B., Warnick, L. D., Wells, S. J., Fossler, C. and Halbert, L. W. 2004. Management practices and reported 
antimicrobial usage on conventional and organic dairy farms. J. Dairy Sci. 87: 191–201. [Medline]  [CrossRef]

http://dx.doi.org/10.5713/ajas.2011.10233
http://www.ncbi.nlm.nih.gov/pubmed/11986326?dopt=Abstract
http://dx.doi.org/10.1074/jbc.M202683200
http://www.ncbi.nlm.nih.gov/pubmed/11229511?dopt=Abstract
http://dx.doi.org/10.2460/javma.2001.218.567
http://www.ncbi.nlm.nih.gov/pubmed/16842049?dopt=Abstract
http://dx.doi.org/10.2460/javma.229.2.259
http://dx.doi.org/10.17221/1870-VETMED
http://www.ncbi.nlm.nih.gov/pubmed/24047996?dopt=Abstract
http://dx.doi.org/10.1016/j.bpj.2013.08.002
http://www.ncbi.nlm.nih.gov/pubmed/14765827?dopt=Abstract
http://dx.doi.org/10.3168/jds.S0022-0302(04)73158-6

