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ABSTRACT

Background: Mastitis is an economically important disease leading cost associated problems. The most accurate relation-
ship between intramammary infection and somatic cell count (SCC) can be evaluated at quarter level when SCC exceeds
100.000 cells/mL. In subclinical mastitis, pathogens do not cause enough disruption in the alveolar tissue to be seen in the
milk but SCC increase indicates the infected milk. Ozone (O,) is an unstable polymerized oxygen created by the passage
of air or oxygen over high energy electrodes within an ozone generator system or by ultraviolet light. The aim of this study
was to compare the treatment efficacy of ozone (O,) insufflation daily via latex free syringe in different doses (30-60-70
pg/mL) and high dose O, insufflation (70 pg/mL) with combination of antibiotic and only antibiotic treatment in dairy
cows with clinical mastitis.

Materials, Methods & Results: A total of 32 lactating cows with clinical signs of mastitis whom had got 79 infected
mammary quarters were used for the study. Mastitis was diagnosed by typical clinical symptoms of the mammary gland
and general clinical symptoms of systemic infection. California mastitis test (CMT) was performed to all quarters and
recorded before the treatment. Somatic cell count (SCC) of each milk sample of the infected quarters was recorded before
the treatment. Microbiological examination was conducted on aseptically collected milk samples from infected quarters
before the treatment. Ozone insufflation was applied daily in different doses (30, 60 and 70 pg/mL) intramammary via
latex free 100 mL syringe every day for one week and only antibiotic was administered intramuscularly to the mastitic
cows for 5 days and high dose ozone insufflation (70 pg/mL) with combination of antibiotic therapy after milking of the
animals. On day 8; CMT and SCC were repeated to evaluate the efficacy of the treatments on the milk samples. The sta-
tistical analysis of CMT and SCC values between groups was conducted according to Paired Sample t-test and P value
of < 0.05 was considered significant.

Discussion: In the current study, CMT scores were found to best decreased in 70 pug/mL O,+AB combination group in
post-treatment (1.63 + 0.10) scores when compared to pre-treatment (1.21 + 0.08) scores and the difference was found
statistically significant (P < 0.01) between pre- and post-treatment of CMT scores. In another study, the initial CMT score
was reported as 10 £ 0.97 and found to be decreased to 4.55 + 0.83 on the 3rd day after ozone treatment. SCC values were
reported as decreased gradually towards to normal range after 3 weeks ozone and antibiotic treatment in a study. SCC
results are tended to be decreased in this study in line with their study after one week therapy but in this study SCC values
did not reach to normal reference ranges. It may be due to the shorter treatment duration of this study when compared to
their study. The most isolated bacteria was detected as E. coli and Staphylococcus aureus (n=12 for each) in the present
study, S. aureus was also the most isolated bacteria (n = 7) in a previously published study. In conclusion, high doses ozone
(60-70%) and high dose ozone (70%) in combination with antibiotic can be effectively used to treat clinical mastitis cases
in dairy cattle. The best result was achieved in high dose ozone (70 pg/mL) with combination of antibiotic therapy in the
cases of clinical mastitis in dairy cattle in current study.
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INTRODUCTION

Mastitis can lead to cause infection indepen-
dently in each mammary quarter, mostly in single
quarter [11]. The most accurate relationship between
intramammary infection and somatic cell count (SCC)
can be evaluated at quarter level when SCC exceeds
100.000 cells/mL [13]. Besides healthy quarter’s SCC
is consistently quite low and usually remains below
100.000 cells/mL [7]. In subclinical mastitis, pathogens
do not cause enough disruption in the alveolar tissue
to be seen in the milk but SCC increase indicates the
infected milk [2]. In clinical mastitis, clinical signs
can be recorded as mild, moderate or severe [12].
The intramammary antibiotic administration is the
most common method to treat mastitis in dairy cows
[8]. However, antibiotic treatment during lactation
has lower recovery rate for many mastitis pathogens
[4.9,15]. Ozone (O,) is an unstable polymerized oxy-
gen which is created by the passage of air or oxygen
over high energy electrodes within an ozone generator
system or by ultraviolet light [ 18]. After a short period
of exposure, bacteria, spores and viruses may be inac-
tivated by ozone therapy [1]. Ozone shows its efficacy
with different mechanisms including the activation of
erytrocytes and immune cells and it is a disinfectant
against the anaerobic bacteria [19].

The objective of this study was to compare
the treatment efficacy of O, insufflation via latex free
syringe in different doses (30-60-70 pg/mL) and high
dose O, insufflation (70 pg/mL) with combination of
antibiotic (intramuscularly) and only antibiotic treatment
(intramuscularly) in dairy cows with clinical mastitis.

MATERIALS AND METHODS

Examination of the udder and selection of cows for treat-
ment

Thirty-two lactating cows with clinical signs
of mastitis whom had got 79 infected mammary
quarters were used for this study. Udders of the cows
were checked for redness, pain, heat, hardness and
swelling by inspection. Samples from each quarter
were collected and controlled for any variation in
milk colour and consistency. Mastitis was diagnosed
by typical clinical symptoms of the mammary gland
(hardness, pain, redness, heat and swelling) and general
clinical symptoms of systemic infection (watery milk,
anorexia, decreased milk yield).

California Mastitis Test (CMT)

Milk samples were collected while the cows
were strained in standing position after all the quarters
were cleaned, they were washed with tap water. The
teat end was dried and cleaned with alcohol. California
mastitis test solution consisted of 3% sodium lauryl
sulfate and bromocresol' was mixed at the same amount
of milk, CMTs were scored due to no reaction; as 0,
for a weak positive (+), for a distinct positive (++),
for a strong positive (+++) on collected milk samples.
CMT was performed to all quarters of the cows, the
infected quarters were diagnosed and recorded before
the treatment. At the end of the treatment CMT was
repeated on day 8 to evaluate the curative effect of the
treatment regimens.

Somatic Cell Count (SCC)

Hundered mL of milk samples were collected
into the sterile bottles aseptically from infected quarters
and transported for analysis of SCC within 4 h to the
laboratory of Faculty of Veterinary Medicine, Istanbul
University. In one of the 100 mL milk samples somatic
cell counts were measured using a Fossomatic 90 in-
strument? after 40°C heat treatment at duration of 15
min [15]. SCC of each infected quarters were recorded
before and after the treatment on day 8.

Microbiological examination

For microbiological examination approxi-
mately 100 mL of milk samples were collected into the
sterile bottles aseptically from infected quarters before
the treatment. Milk samples were inoculated into Nu-
trient Broth with horse sera, onto Nutrient Agar with
7% sheep blood and MacConkey agar plates. Inocula-
tions onto blood agar plates were duplicated for each
sample and incubated both aerobic and microaeobic
conditions. MacConkey agar plates were incubated
aerobically, at 37°C for 24-48 h. Nutrient broths were
also incubated microaerobically, at 37°C for 24-48 h.
Gram staining was performed from the cultures and
bacteriological methods were used for the identification
[10]. The isolates were investigated for their in vitro
susceptibility to 11 antimicrobial agents. The antibiotic
susceptibility tests according to the guidelines from the
Clinical and Laboratory Standards Institute [3] were
performed to select the convenient antimicrobial agent.
Resistance was determined by measurement of inhibi-
tion of growth around the antimicrobial disk according
to the zone diameter interpretative standards of [3].
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Treatment regime

Mastitic cows were randomly divided into five
groups. Group I (70 pg/L O,): 7 cows with 12 infected
quarters; Group II (only antibiotic (AB), im): 9 cows
with 24 infected quarters. Group III (70 pg/mL O, +An-
tibiotic im): 9 cows with 24 infected quarters. Group IV
(30 ug/mL O,): 4 cows with 10 infected quarters; Group
V (60 pg/mL O,): 3 cows with 9 infected quarters. Ac-
cording to the antimicrobial agent selection, antibiotic
(Sefakim®) was administered daily at 2.2 mg/kg dose
24-h intervals for 5 days intramuscularly (im) to groups
II and III’s animals and ozone gas was prepared with

ozone therapy device (Humazona)?® (Figure 1). Ozone
insufflation was applied in different doses daily intrama-
mmary via latex free 100 mL syringe every day for one
week after milking of the animals. On day 8; CMT and
SCC were repeated to evaluate the efficacy of the treat-
ment regimens on the collected milk samples (Figure 2).

Statistical analysis

The statistical analysis of CMT and SCC values
between groups was conducted according to Paired
Sample #-test and P value of < 0.05 was considered

significant.

Vakuum big
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Figure 1. Ozone therapy device; ozone gas preparation for intramammary therapy.

Figure 2. Ozone insufflation via latex free syringe to a mastitic quarter in lactating cow with
mastitis.
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RESULTS

In this study, the general conditions of the cows
and the inflamed quarters were improved in few days
after 60, 70 pg/mL and AB+70 pg/mL ozone treatment,
but no clinically improvement was detected in the
animals treated with in 30 ug/mL and only antibiotic.
The best improvement was detected in group AB+70
pg/mL ozone according to the clinical signs and in the
consistency of milk samples in this group of animals.
CMT results before and after treatment regimens are
shown in Table 1. The results of mean SCC before and
after treatment within groups are indicated in Table
2. The isolated pathogens from milk samples of 79

infected mammary quarters from thirty two lactating
cows before treatments are shown in Table 3. Antibiotic
susceptibility test results are shown for 11 antimicro-
bial agents in Table 4 for the isolates.

According to the statistical analysis in the
current study, the most efficient treatment regime was
found in group III when compared to other groups (I,
IL, IV and V) and was found statistically significant
(P <0.001). The efficacy of group I and V was found
significant (P < 0.05) when compared to group Il and
IV in dairy cows with clinical mastitis. None of the
S. aureus isolates were found to be resistant to
methicillin.

Table 1. California mastitis test results of groups I (70 ug/mL O,), II (AB, im), III (70 pg/mL O,+AB, im), IV (30 pg/mL O,), V (60 pg/mL O,) before

and after treatment. (Turkey, March 2014).

Group CMT pre-treatment CMT post-treatment P
Mean Std Error Mean Std Error
I(70 pg/mL O,) 1.50 0.23 1.25 0.18 NS
II (AB, im) 2.21 0.18 1.96 0.16 NS
I (70 pg/mL O,+AB, im) 1.63 0.10 1.21 0.08 P <0.01
IV (30 ug/mL O,) 1.70 0.30 1.60 0.22 NS
V(60 ug/mLO,) 1.50 0.22 1.20 0.13 NS

NS: Not significant.

Table 2. Mean SCC results before and after treatment regimens within groups I (70 pg/mL O,), IT (AB, im), III (70 pg/mL O,+AB, im), IV (30 pg/mL
0,), V(60 pg/mL O,) and significance are indicated. (Turkey, March 2014).

Number
Treatment Groups of infected  Pre-treatment SCC Post-treatment SCC Significance
quarter
Group n Mean Std Error Mean Std Error
I(70 pg/mL O,) 12 1314917 447.5818 766.1667  273.4989 P<0.05
II (AB, im) 24 2240.708 292.9491 1822.125  215.6256 NS
III (70 pg/mL O, +AB, im) 24 1216.125 142.2029 563.5417  60.41637 P <0.001
IV (30 ug/mL O,) 9 1476.444 386.5198 1074.444  240.2342 NS
V(60 pg/mLO,) 10 989.6 250.545 452.6 102.3837 P <0.05

NS: Not significant.
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Table 3. Dispersions of the isolates that were collected from milk samples of infected

quarters. (Turkey, March 2014).

Isolate/s Number of isolates
S. aureus 12
S. agalactiae 8
S. aureus + S. agalactiae 2
S. aureus + E. coli 4
E. coli 12
Gram Bacillus 1
Total 39

Table 4. Percentages of in vitro susceptibility to selected antimicrobial agents according to micro-

biological evaluation. (Turkey, March 2014).

Antibiotic Susceptibility rate (%)
Cefoperazone 70.8
Gentamicin 41.6
Ampicillin 79.1
Amoxicillin/Clavulanic acid 79.1
Trimethoprim/Sulfamethoxazole 50
Penicillin G 70.8
Streptomycin 62.5
Oxytetracycline 50
Ceftiofur 79.1
Kanamycin 54.1
Lincomycin 41.6
DISCUSSION

In the current study, we aimed to compare the
treatment efficacy of ozone insufflation via latex free
100 mL syringe in different doses (30-60-70 pg/mL)
and high dose ozone insufflation (70 pg/mL) with
combination of antibiotic (intramuscularly) and only
antibiotic treatment (intramuscularly) in dairy cows
with clinical mastitis. In a study about the clinical
mastitis cases caused by coliform organisms, ceftiofur
therapy found to be reduced the proportion of cases that
resulted in cow death or culling [5]. But long term us-
age of antibiotics can cause residues in milk that can be
serious for public health [6]. The application of ozone

infusion into the inflamed quarter in clinical mastitis of
dairy cattle can lead to sterilization of causative agents
and detoxification of the inflamed quarter [8]. Shino-
zuka et al. [16] reported mammary irrigation regimen
with ozone water as more effective to cure mastitis
in dairy cows when compared to systemic antibiotic
administration. They reported ozone water can be ef-
fective as first line treatment for mammary irrigation
regimen for coliform mastitis and ozone was detected
to have possibility to reduce the mortality [16].
Ogata & Nagahata [8] reported the initial CMT
score as 10 = 0.97 and found to be decreased to 4.55
0.83 on the 3rd day after ozone treatment. In the current
study, CMT scores were found to best reduce in 70 pg/
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mL O,+AB combination group in post-treatment (1.63
+0.10) scores when compared to pre-treatment (1.21 +

microbial cell membrane. In the current study we have
no information to support their findings.

0.08) scores and the difference was found statistically
significant (P < 0.01) between pre- and post-treatment
of CMT scores [8]. Ogata & Nagahata [8] reported
SCC values as decreased gradually towards to normal
range after 3 weeks ozone and antibiotic treatment. In
this study, our SCC results are tended to be decreased in
line with Ogata & Nagahata [8] after one week therapy
but in this study SCC values did not reach to normal
reference ranges. It may be due to the shorter treatment
duration of this study when compared to their study.
Streptococcus uberis have been found to show a strong
resistance to ozone treatment in mastitis [8]. In the
present study, the most isolated bacteria was detected
as E.coli and Staphylococcus aureus (n = 12 for each),
S. aureus was also the most isolated bacteria (n =7) in
their study [8]. Shinozuka et al. [17] have advocated
ozone treatment which can cause lower endotoxin re-
lease from E. coli to the milk other than the treatment
with antibiotics. They reported that the mechanism
of ozone sterilization includes the destruction of the

CONCLUSION

High doses ozone (60-70%) and high dose
ozone (70%) in combination with antibiotic can be
effectively used to treat clinical mastitis cases in dairy
cattle. Although this study’s results demonstrate that
ozone insufflation is an effective treatment regime to
cure clinical mastitis, the best result was achieved in
the group of high dose ozone (70 pg/mL) with combi-
nation of antibiotic therapy. So it was concluded that
ozone therapy can be useful as an adjunctive therapy
method in the cases of clinical mastitis in dairy cattle.

MANUFACTURERS
"DeLaval. Cardif, UK.
2Foss Electric A/S. Hillerod, Denmark.

SHumares GmBH. Brucshal, Germany.

Declaration of interest. The authors report no conflicts of
interest. The authors are responsible for this manuscript type-
writing and content.

REFERENCES

1 Bocci V. 1996. Ozone as bioregulator: pharmacology and toxicology of ozone therapy today. Journal of Biological
Regulators and Homeostatic Agents. 10(2-3): 31-53.

2 Caraveillo D.Z. 2004. Selection for Clinical Mastitis and Somatic Cell Count. Dairy Updates. (613): 1-6.

3 CLSLI. 2008. Performance standards for antimicrobial disk and dilution susceptibility for bacteria isolated from animals;
approved standard - second edition. CLSI document M31-A3. 28(8): 65-72.

4 Craven N. 1987. Efficacy and financial value of antibiotic-treatment of bovine clinical mastitis during lactation: A
review. British Veterinary Journal. 143(5): 410-422.

5 Erskine R.]J., Bartlett P.C., VanLente J.L. & Phipps C.R. 2002. Efficacy of systemic ceftiofur as a therapy for severe
clinical mastitis in dairy cattle. Journal of Dairy Science. 85(10): 2571-2575.

6 Gruet P., Maincent P., Berthelot X. & Kaltsatos V. 2001. Bovine mastitis an intramammary drug delivery: review
and perspectives. Advanced Drug Delivery Reviews. 50(3): 245-259.

7 Hamann J. 2005. Diagnosis of mastitis and indicators of milk quality. In: Mastitis in Dairy production: Current
Knowledge and Future Solutions. Wageningen: Wageningen Academic Publishers, pp. 82-91.

8 Ogata A. & Nagahata H. 2000. Intramammary Application of Ozone Therapy to Acute Clinical Mastitis in Dairy
Cows. Journal of Veterinary Medical Science. 62(7): 681-686.

9 Owens W.E., Nickerson S.C., Watts J.L. & Boddie R.L. 1990. Antibiotic concentrations in mammary tissue and milk
following intramammary and/or intramuscular therapy. In: Proceedings of International Mastitis Symposium, National
Mastitis Council (India). pp.276-279.

10 Quinn P.J., Carter ML.E., Markey B.K. & Carter G.R. 1999. Clinical Veterinary Microbiology. London: Mosby
International Limited of Harcourt Publishers, pp.1-684.

11 Ruegg P.L. & Reinemann D.J. 2002. Milk quality and mastitis tests. Bovine Practitioner. (36): 41-54.

12 Sargeant J.M., Scott H.M., Leslie K.E., Ireland M.J. & Bashiri A. 1998. Clinical mastitis in dairy cattle in Ontario:
Frequency of occurrence and bacteriological isolates. Canadian Veterinary Journal. 39(1): 33-38.

13 Schukken Y.H., Wilson D.H., Welcome F., Garrison-Tikofsky L. & Gonzales R.N. 2003. Monitoring udder health
and milk quality using somatic cell counts. Veterinary Research. 34(5): 579-596.

6



S.0. Enginler, A. Sabuncu, B.B. Kahraman, et al. 2015. Comparison of Intramammary Ozone Administration Doses in Dairy
Cows with Clinical Mastitis. Acta Scientiae Veterinariae. 43: 1260.

14 Sedervious, A., Balsyte J., Lukauskas K., Kazlauskaite J. & Biziulevicius G.A. 2006. An enzymatic cow immunity-
targeted approach to reducing milk somatic cell count: 3. A comparative field trial. Food and Agricultural Immunology.
17(1): 1-7.

15 Seymour E.H., Jones G.M. & Mcgilliard M.L. 1989. Effectiveness of intramammary antibiotic therapy based on
somatic cell count. Journal of Dairy Science. 72(4):1057-1062.

16 Shinozuka Y., Hirata H., Ishibashi 1., Okawa Y., Kasuga A., Takagi M. & Taura Y. 2009. Therapeutic efficacy of
mammary irrigation in dairy cattle diagnosed with acute Coliform mastitis. Journal of Veterinary Medical Science.
71(3): 269-273.

17 Shinozuka Y., Uematsu K., Takagi M. & Taura Y. 2008. Comparison of the amounts of endotoxin released from
Escherichia coli after exposure to antibiotics and ozone: an in vitro evaluation. Journal of Veterinary Medical Science.
70(4): 419-422.

18 Yang P.P.W. & Chen T.C. 1979. Stability of ozone and its germicidal properties on poultry meat microorganisms in
liguid phase. Journal of Food Science. 44(2): 501-504.

19 Zobel R., Martinec R., Ivanovic D., Rosic N., Stancic Z., Zerjavic L., Flajsig B., Plavec H. & Smolec O. 2014.
Intrauterine ozone administration for improving fertility rate in Simmental cattle. Veterinarski Arhiv. 84(1): 1-8.

www.ufrgs.br/actavet

7



