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INTRODUCTION
Milk has long become an essential nutrient in our daily diet,
so the safety of milk quality directly affects human health. In
fact, dairy cow mastitis is one of the most common diseases
that seriously affect the quality of milk (Halasa et al., 2007;
Dohare et al., 2021), directly resulting in huge losses to the
development of the dairy industry. Cow mastitis can lead to
the decline of milk cow’s lactation function, which directly
causes the rancidity of the milk and the excessive numbers
of bacteria. According to reports, cow mastitis causes
economic losses of up to 2 billion US dollars per year in
the United States (Olde Riekerink et al., 2006) and 300
million New Zealand dollars per year in New Zealand (Denis
et al., 2009), respectively. Specifically, the annual loss
caused by recessive mastitis is at least 135 million yuan in
our country (Li et al., 2014; Wang et al., 2019). Therefore,
the treatment of cow mastitis is greatly important for the
worldwide dairy industry.

Currently, the conventional treatment of domestic
dairy cow mastitis is still based on the antibiotic treatment
through the local udder infusion (Shpigel et al., 1997;
Heikkilä et al., 2018). This approach is convenient to be
operated with accurate medication, which has been
widely used in the clinical treatment of cow mastitis
(Zhang et al., 2016; Krömker and Leimbach, 2017). For
cows with systemic symptoms of mastitis, they would
also be injected with antibiotics in the whole body. Since
clinical mastitis can be caused by multiple pathogenic
bacteria, there are various types of antibiotics developed
for clinical mastitis. Penicillin and β-lactam antibiotics
are the most common types, including cloxacillin sodium,
amoxycillin, cephalexin and ceftiofur hydrochloride and

so on. So the further development of antibiotics would
be sign if ican t fo r the t reatment o f  cow mast it is
(Ramasamy et al., 2021).

Cefquinome has attracted the great attention of
veterinary clinicians due to its wide antibacterial spectrum,
strong antibacterial activity and low tolerance (Shpigel et
al., 1997; Ruegg, 2017; Yu et al., 2017). Particularly,
cefquinome was reported to have a great antibacterial
activity against both gram-positive and gram-negative
bacteria (Swinkels et al., 2013). To date, it has been
approved by the European Commission for Veterinary
Medicines (CVMP) for the clinical treatment of respiratory
bacterial infections in pigs, cattle and dairy cow mastitis. In
order to further develop use clinical drugs suitable for cow
mastitis, we would like to objectively evaluate therapeutic
effects of cefquinome sulfate and lincomycin hydrochloride
on clinical dairy cow mastitis. These results would provide
a theoretical basis for the rational clinical development of
effective drugs for the treatment of cow mastitis.

ABSTRACT
Background: The clinical treatment of dairy cow mastitis during the lactation period plays a significant role in dairy manufacture. In
this work, 3 groups of lactating dairy cows with clinical mastitis were selected, for the first time, to explore the treatment effects using
cefquinome sulfate and lincomycin hydrochloride through the udder injection.
Methods: The treatment effects with the udder injection of cefquinome sulfate and lincomycin hydrochloride were compared based
on effective rate, cure rate, somatic cell reduction in the milk, decrease of cow body temperature and recovery of milk yield.
Result: Both cefquinome sulfate and lincomycin hydrochloride showed effective treatment on the dairy cow mastitis during the lactation
period. The effective rate and the cure rate obtained with cefquinome sulfate were 88% and 80%, which were higher than those treated
with lincomycin hydrochloride (effective rate: 72% and cure rate: 64%). Furthermore, the cefquinome sulfate test group seemed to
display a better role in the reduction of somatic cells in milk, a decrease of cow body temperature and the recovery of milk yield.
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MATERIALS AND METHODS
Drug and animal grouping
Cefquinome Sulfate Intramammary Infusion (LC, 20170502,
75 mg/8.0 g) and Lincomycin Hydrochloride Breast Injection
(LC, 20170501, 0.35 g/7.0 g) produced by Eastern
Along Pharmaceutical  (Guangdong, China) were employed
in the following clinical trials. The clinical trial was completed
on a dairy farm at Qingyuan in Guangdong from June 2019
to June 2020. All the experimental dairy cows were
diagnosed with typical clinical mastitis symptoms. Totally,
73 cows including 36 primiparous cows and 37 post-paratory
cows with a weight of 425~510 kg were randomly divided
into 3 groups. During the clinical trials, no antibacterial drugs
were added to the dairy cow feed. In the control group (Group 1),
24 cows were continuously injected with physiological saline
solution (8.0 mL, 3 times) over each 12 h via the milk tube
injection. In the group treated with cefquinome Sulfate
(Group 2), 25 cows were continuously injected with
Cefquinome Sulfate (75 mg, 3 times) over each 12 h through
the milk tube injection. In the group tested with lincomycin
hydrochloride (Group 3), 24 cows were treated with the active
drug lincomycin hydrochloride (0.35, 3 times) over each 12
h through the milk tube injection.

Drug efficacy determination
Initially, cows with clinical mastitis were evidenced with
symptoms of redness, swelling, heat, obvious breasts pain,
a rise of body temperature and obvious milk changes.
Specifically, the main observation of mastitis cow has the
swelling, fever and hard milk area. The early milk juice
sample was watery with small particles or flocs. After a few
days of the disease, the milk gradually turned into a
brownish-yellow liquid. Before the drug administration and
on the 7th day after the last drug administration, milk
samples from each treated milk area were collected for
somatic cell count (SCC) determination (SCC600, Beijing
Tongde Venture Technology Co., Ltd.). During the milk
sampling, the test milk sample (10.0 mL) was collected after
the dumping of the first 3 squeezings. The efficacy of the
drug was evaluated based on overall inspections on the 7th
day after the last drug administration. The efficacy of the
drug was divided into three types including valid, basically
valid, invalid treatments. Typically, the spirit and the appetite
of sick cow were normal, the clots and the flocs in the milk
disappeared, milk color and milk production returned to
normal, redness, swelling, heat and pain in the milking area
disappeared without any recurrence. In addition, the SCC
of milk was < 500,000 cells/mL. The cows with the above

symptoms and experimental results were determined as a
valid treatment. For the cows determined as basically valid
cases, cow spirit and appetite, milk appearance and color,
redness, swelling, heat and pain in the milking area were
observed as the same as the valid case. But the milk SCC
was obtained from 500,000 to 1 million cells/mL. For any
case to be determined as invalid after the treatment, the
clinical symptoms of sick cows, such as redness, swelling,
heat and pain in the milking area, did not alleviate or
disappear and even the condition of the disease continued
or deteriorated (milk SCC > 1 million cells/mL). The SPSS
13.0 software was employed to statistically analyze the
significance of the difference in SCC determination. The chi-
square (2) test was used to compare inefficiency, cure rate
and effective rate of each test group for significant
differences.

RESULTS AND DISCUSSION
Therapeutic results
Based on the results observed on the 7th day after the last
administration, various indicators and test results were
combined to determine the efficacy of active components
(cefquinome sulfate and lincomycin hydrochloride) and cure
rate in three groups. In group 1, both effective rate and cure
rate were 0% with the injection of saline solution. The effective
rate and cure rate of the cefquinome sulfate in group 2 were
88% and 80%, respectively. As for group 3 treated with
lincomycin hydrochloride, the effective and the cure rates
were 72% and 64%. As compared with the test group, the
difference in effective rate and cure rate between the groups
was observed to be extremely significant (P<0.01), indicating
that the medication of the negative control group is ineffective
for clinical mastitis. Both effective rate and cure rate derived
from group 2 were much higher than those obtained from
group 3. Therefore, cefquinome sulfate seems to be more
effective for cow mastitis as compared with lincomycin
hydrochloride.

Milk SCC results
Before the drug administration and on the 7th day after the
last drug administration, milk samples from each treatment
area were collected for SCC measurements. The results
were summarized in Table 1. The SCC between the
cefquinome sulfate test group and the lincomycin
hydrochloride control group was obtained to be significantly
different (P<0.05). As compared with the control group 1,
the SCC of groups 2 and 3 were significantly decreased
(P<0.05). Before the medication, the number of somatic milk

Table 1: Somatic cells count in the milk of infected cows before medication and on the 7th day of last drug administration.

Group Cow numbers
Before medication 7th day of last medication

(SCC, 10000 cells/mL) (SCC, 10000 cells/mL)

1 24 160.2±47.1 145.3±51.6
2 25 159.4±48.5 34.7±24.9
3 24 167.3±45.8 85.6±41.2
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cells in all infected milk areas was more than 1 million cells/
mL. After the treatment with cefquinome sulfate and
lincomycin hydrochloride, the SCC of all treated breast areas
decreased significantly. Typically, the SCC in the cured
breast area of the cefquinome sulfate breast injection from
group 1 was less than 500,000/mL and the SCC in the
treated breast area of the lincomycin hydrochloride breast
injection in group 2 was ranged from 500,000 to 1 million
cells/mL. These results proved that the cefquinome test
group can significantly reduce the number of bovine somatic
cells in clinical mastitis, as compared to the medication of
lincomycin hydrochloride.

Cow temperature change
The body temperature of the infected dairy cow was recorded
before the drug administration and on the 1st, 3rd and 5th day
after the last drug dose (Table 2). In group 1, the average
cow body temperature was maintained at 40-41C, indicating
the continuous infection of mastitis with an only injection of
saline solution. As for the cefquinome sulfate group (group 2),
the body temperature was the same as that observed in
group 1 (40-41C). After the treatment using cefquinome
sulfate, the average body temperature continuously dropped
on the 1st, 3rd and 5th day after the last drug administration.
Finally, the temperature dropped to normal body temperature
scope (38-39 C). These results confirmed that the
cefquinome sulfate breast injection was effective to cure
clinical mastitis. In group 3, the average body temperature
was 40.4C before the administration of lincomycin

hydrochloride. After drug injection, the temperature dropped
to be lower than 40C, but it was observed to be 39.2C on
the 5th of the last medication dose. These data inferred that
lincomycin hydrochloride breast injection has a certain
therapeutic and cooling effect on clinical mastitis. Moreover,
the temperature decrease of group 2 seems to be slightly
larger as compared with group 3, concluding that cefquinome
sulfate showed a better treatment effect than lincomycin
hydrochloride.

Milk yield
As seen in Table 3, the average milk production of infected
primipara cows in the negative control group 1 did not
change much at various time points, ranging from 13.5-14.5
kg/day. Before the drug administration and on the 1st day
after the last administration, there was no significant
difference in the average milk yield from groups 1-3 (P>0.05).
In group 2, with the udder injection of cefquinome sulfate,
the average milk production before medication and 1 day
after the last drug administration was 15-16 kg/day. On the
3rd and 5th day after the last medication, the average milk
production recovered quickly, increasing up to 19.9 kg/day
and 21.8 kg/day, respectively. These results evidenced that
the cefquinome sulfate breast injection test group can quickly
cure clinical mastitis to promote the recovery of milk
production. In addition, the lincomycin hydrochloride group 3
also has a positive effect on the treatment of clinical
mastitis. The average milk production on the 1st day after
the last medicine administration was about 15.3 kg/day.

Table 2: Body temperature of infected dairy cows before and after medication.

Group
Cow body temperature (oC)

Before medication Day 1 of last Day 3 of last Day 5 of last
medication medication medication

1 40.3±0.06 41±0.06 40.7±0.04 40.8±0.03
2 40.7±0.08 39.2±0.41 38.7±0.35 38.8±0.30
3 40.4±0.04 39.8±0.39 39.2±0.50 39.2±0.43

Table 3: Milk yield of infected primipara cows before and after treatment.

Group
Milk production (kg)

(Cow numbers)
Before Day 1 of last Day 3 of last Day 5 of last

medication medication medication medication

1 (12) 14.4±4.6 14.7±2.9 13.8±3.8 13.7±3.5
2 (12) 15.3±5.1 15.7±3.2 19.9±3.4 21.8±4.3
3 (12) 15.1±3.8 15.3±4.9 18.7±5.5 20.9±4.1

Table 4. Milk yield of infected multipara cows before and after treatment.

Group
Milk production (kg)

(Cow numbers)
Before Day 1 of last Day 3 of last Day 5 of last

medication medication medication medication

1 (12) 17.8±5.5 16.8±6.7 15.4±4.1 15.2±5.8
2 (13) 17.1±4.7 17.4±5.6 20.2±3.6 25.5±4.8
3 (12) 18.2±3.3 17.8±4.6 19.2±5.4 22.3±4.3
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The average milk production recovered quickly on the 3rd

and 5th day after the last medication, which was enhanced
up to 18.7 kg/day and 20.9 kg/day, respectively. On the 3rd

and 5th days after the last medication, there was a
significant difference in the average milk yield between
group 2 and the negative control group 1 (P<0.05). Based
on the data between group 2 and group 3, it is clear that
cefquinome sulfate might have a better recovery effect on
the initial milk yield.

The average milk production of infected multipara cows
from three groups was summarized in Table 4. In the
negative control group 1, the average milk production range
was about 15-18 kg/day with a gradual decline during the
overall experimental period. With the udder injection of
cefquinome sulfate, the milk yield amount was observed to
be increased. Before the medication in group 2, the milk
amount was 17.1 kg/day. On the 1st day of the last drug dose,
the average milk production value was observed to be 17.4
kg/day. A great enhancement of milk yield was observed up
to 20.2 and 25.5 kg/day on the 3rd and 5th day after the last
medicine administration, respectively. So the udder injection
of cefquinome sulfate played a significant role in the milk
recovery. As for test group 3 using lincomycin hydrochloride,
a milk recovery was also observed. However, the
enhancement degree was not that high as observed in group
2 with cefquinome sulfate. The initial milk product before
mediation and on the 1st day of the last administration was
about 17.8-18.2 kg/day. On the 5th day of the last mediation,
the milk amount was increased up to 22.3 kg/day, which
was slightly lower as compared to that observed on the same
experimental day in group 2. Therefore, both cefquinome
sulfate and lincomycin hydrochloride can recover the milk
yield. However, based on the data comparison between
group 2 and group 3, lincomycin hydrochloride injection
showed a slow milk recovery than cefquinome sulfate.

CONCLUSION
In this work, a comparison of cefquinome sulfate and
lincomycin hydrochloride in the clinical treatment of dairy
cow mastitis during the lactation period was reported. Our
results confirmed that both cefquinome sulfate and
lincomycin hydrochloride have effective treatment on the
dairy cow mastitis during the lactation period, including
reduction of somatic cells in milk, a decrease of cow body
temperature and recovery of milk yield. Specifically, group 2
with the medication of cefquinome sulfate showed a better
treatment effect. The effective rate and the cure rate of
group 2 treated with cefquinome sulfate were 88% and
80%, respectively, which were higher as compared to those
in group 3 using lincomycin hydrochloride (effective rate:
72% and cure rate: 64%). Moreover, cefquinome sulfate
was also observed to play a better role in the reduction of
somatic cells in milk, a decrease of cow body temperature
and recovery of milk yield, as compared to the lincomycin
hydrochloride test group. Therefore, we concluded that the
udder injection of cefquinome sulfate would be useful for

the clinical treatment of dairy cow mastitis during the
lactation period.
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