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Background Bovine mastitis is characterized by an inflammatory process in the
mammary gland and represents one of the main diseases affecting a dairy herd.
Management of mastitis is most commonly via antibiotics, but the rising incidence of
multiple antibiotic resistance (MAR) means that additional options are needed.
Homeopathic products can be administered in dairy farming for a range of clinical
reasons and may be preferential due to the absence of residues.

Objectives The aim of this study was to assess the potential of a novel homeopathic
complex medicine in managing bovine mastitis.

Methods Twenty-four lactating Holstein cows with mastitis were divided into two
groups: the homeopathic complex group received a homeopathic complex daily for 60
days at a dose of 20 g/d; the placebo group received the calcium carbonate vehicle
without homeopathic medicines at the same dose and repetition. The main outcome
measure was somatic cell count (SCC; cells/mL), with additional outcome measures
including milk production (kg/d), milk constituents (percentage of protein, fat, lactose
and total milk solids), and serum levels of cortisol, glucose, ammonia and lactic acid. All
outcomes were measured at the beginning of the study and after 30 and 60 days. Milk
samples were also collected from all animals at the beginning of the study, confirming a
high (>0.2) MAR index for isolated bacterial cultures.

Results Assessment of SCC showed a statistically significant difference favoring the
homeopathic complex versus placebo group at day 60. A reduction in serum cortisol
levels and an increase in fat, lactose and total milk solids in animals treated with the
homeopathic complex at day 60 were also seen. Other outcome measures did not show
statistically significant inter-group differences.

Conclusion The results of this non-randomized, open-label, placebo-controlled trial
suggest the potential for a novel homeopathic complex medicine in management of
multiple antibioticresistant bovine mastitis, thus offering dairy farmers an additional
option to antibiotics and making dairy products safer for consumer health and milk
production more sustainable.
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Management of Multiple Antibiotic-Resistant Bovine Mastitis

Introduction

Bovine mastitis is an inflammatory process of the mammary
glands of cows, which impacts milk production and increases
risk to the health of consumers,' especially when the milk is
not subjected to adequate pasteurization,2 because of the
zoonotic toxin-producing microorganisms'-> that may be
involved in the etiology of the condition.*

Antimicrobial drugs are traditionally used in the treat-
ment of bovine mastitis; however, studies have shown an
increasing rate of resistance of microorganisms to the anti-
biotics used, which leads to therapeutic failure, loss of milk
quality, production losses, and impacts on cows’ health.” In
addition, the occurrence of residues of this pharmaceutical
class in dairy products further encourages the emergence of
bacterial resistance.*

The indiscriminate and inappropriate use of antibiotics has
contributed to the acceleration of microbial resistance and
selection of adapted microorganisms. Antibiotics increase
selective pressure on bacterial populations, causing the death
of susceptible bacteria and increasing the percentage of resis-
tant bacteria. The propagation of antibiotic-resistant bacterial
strains has caused significant challenges in dairy farming and
in the treatment of diseases, causing economic damage to
dairy production and the health of the herd.® Mastitis is the
most common cause of antimicrobial use in dairy herds. Thus,
bovine milk is considered a potential source of multidrug-
resistant bacteria.” The rise in antibiotic-resistant bacteria has
created an increasingly urgent need for alternative or comple-
mentary treatments.®°

In this way, homeopathy emerges as a possible option for
the treatment and prevention of bovine mastitis, potentially
improving the quality of dairy production, ultimately being
reflected in a safer product'® with greater economic value.'"
The principles of the homeopathic treatment method are
based on the “law of similars”,'? where substances are used
that cause signs and symptoms similar to those of the
ongoing condition, stimulating a secondary reaction of the
organism against the disease.'? Varied results are described
in the scientific literature regarding the use of homeopathy
in mastitis, related to different preparations, application
routes and dosages.14 To add to this evidence base, the
present study aimed to evaluate the potential of a novel
homeopathic complex medicine in the management of
mastitis in multiple antibiotic-resistant cows.

Materials and Methods

Ethical Approval

The present research was veterinary in nature. All cows used
were part of the Dairy Cattle Unit of the Universidade Para-
naense; after completion of the study all animals returned to
the breeding system according to the management of the
farm. The study was approved by the Ethics Committee in
Animal Science of Universidade Paranaense—protocol 25910
(Supplementary file 1, available online only). This committee
is institutional but is governed and inspected by the National
Council for the Control of Animal Experimentation, under
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the responsibility of the Ministry of Science, Technology and
Innovation, at the national level in Brazil.

Herd Management

For the duration of the study, the cows were housed as usual
in grassy paddocks. Good-quality feed for dairy cattle, clean
water and mineral salt were available freely throughout the
duration of the study. All animals were clinically examined
periodically to ensure their on-going general health.

The somatic cell count (SCC) and the multiple antibiotic
resistance (MAR) index were used to select the animals for
inclusion in the study. Animals that presented with an SCC
above 250,000 cells/mL of milk and an MAR index of over 0.2
were considered to have clinical mastitis."”> Twenty-four
lactating Holstein cows with mastitis were selected and
divided into two groups with 12 animals each: one group
called “homeopathic complex medicine” and the other
“placebo”. All selected cows were tested for antimicrobial
resistance and confirmed to be multi-resistant to antibiotics
prior to inclusion in the study.

Assignment to each group was not randomized. Instead,
the cows were assigned so that there was uniformity in the
mean SCC values between the two groups at baseline on
day -2 before addition of any homeopathic or placebo
supplements to the food.

Antimicrobial Resistance Testing

Antimicrobial susceptibility testing was performed as previously
reported.'® Briefly, each bacterial isolate from the milk samples
per cow collected at baseline (day -2) was submitted to an
antibiogram to determine its antimicrobial resistance. To assess
antimicrobial susceptibility/resistance, the following antibiotics
were used: amoxicillin + clavulanate (20/10 pg), ampicillin
(10 pg), cephalexin (30 pg), cefoxetine (30 pg), ceftiofur
(30 pg), clindamycin (2 pg), enrofloxacin (5 pg), streptomycin
(300 pg), gentamicin (10pg), oxacillin (1 pg), penicillin (10 ui),
sulfa + trimethoprim (23.75/1.25 ng).

The MAR index was calculated and interpreted according
to Blasco et al'’ using the formula: a/(b.c), where “a” is the
total number of antimicrobials to which the isolated bacteria
showed resistance, “b” is the number of antimicrobials
tested, and “c” is the number of isolates tested from the
original sample. The index to delimit whether the samples
are high or low risk was 0.200, where <0.199 is considered
low risk and 0.200 and above is considered high risk.

Homeopathic Complex Medicine

The homeopathic complex medicine was specially designed
for this study. The complex contained the following: Asa foetida
9cH, Ignatia amara 9cH, Phytolacca decandra 9cH, Urtica urens
6¢H, Pulsatilla nigricans 6cH, Calcarea carbonica 9cH, Sulphur
9cH, Lac vaccinum defloratum 9cH, Staphylococcus aureus 9cH,
and Streptococcus spp. 9cH. The original mother tincture (or a
suitable intermediate potency) of each remedy was acquired
from the laboratory of H&N Homeopatia e Produtos Naturais;
the complex medicine was then prepared in the homeopathy
laboratory of the company Minerphos by mixing the constit-
uents, having brought them to the desired potencies according
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to the Hahnemannian method.'® A volume of 5mL of each
homeopathic medicine was added to 1 kg of calcium carbonate
vehicle, giving a total volume of 50 mL homeopathic medicines
per 1kg of vehicle powder.

The homeopathic complex group received 20g/d of the
homeopathic complex powder added to individual food
rations supplied daily after milking, for 60 days. Similarly,
in parallel, the placebo group received 20 g/d of the calcium
carbonate vehicle powder added to individual food rations
supplied daily after milking, for 60 days. Treatment assign-
ment was not blinded.

Somatic Cell Count

To assess the mean SCC per group, milk samples were collected
from each individual cow at baseline on day —2, then on days
30 and 60. The milk samples from each cow were placed in
polyethylene bottles with a screw cap and a capacity of 50 mL
containing two tablets of the preservative bronopol (2-bromo-
2-nitropropane-1, 3-diol), labeled and sent to the Laboratory
of the Milk Analysis Program of the Association of Holstein
Cattle Breeders in Curitiba, State of Parand, using the Soma-
count 500 device (Bentley Instruments).

Milk Constituents

To assess the relative proportions of milk constituents, milk
samples were collected in the same way as for the SCC assay
in polyethylene bottles with preservative. Samples were
assessed on day —2, day 30, and day 60 for percentage
content of protein, fat, lactose and total milk solids. The
analysis was performed using an infrared analyzer (Bentley
2000 equipment) and carried out in the dairy control labo-
ratory of the Parana Association of Holstein Cattle Breeders,
located in Curitiba, Parana.

Milk Production

To assess total milk production per animal at day 0, day 30 and
day 60, the volume of milk collected during milking was
measured manually using measuring cups and expressed in kg.

Serum Concentrations of Cortisol, Glucose, Ammonia,
and Lactic Acid

To assess serum concentration of cortisol, glucose, ammonia
and lactic acid, blood samples were taken by venipuncture of
the caudal vein on day 0, 30, and 60. Blood samples were
collected with 5mL syringes and transferred into tubes
without ethylenediaminetetraacetic acid. Blood samples
were sent for analysis in the clinical analysis sector of
Universidade Paranaense.

Statistical Analysis

Data were analyzed using the Bioestat 5.3 program using
factorial analysis of variance for milk production data, SCC,
milk composition, serum concentrations of cortisol, glucose,
lactic acid and ammonia. For the MAR index, the Mann-
Whitney test was used. Comparative analyses were performed
between both groups. A two-tailed test was performed. A
probability level of 5% was regarded as the threshold for
statistical signiﬁcance.1 J
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Table 1 Mean + standard error for somatic cell count (SCC) per
milliliter of milk at days —2, 30 and 60 in cows treated daily with
a homeopathic complex medicine or placebo.

Group Time point SCC x 103/mL
(days)
Homeopathic -2 325+82.64
complex
30 257+60.16
60 246 +52.13
Placebo -2 364 +96.74
30 726 +239.57
60 1,520 +524.04°

?p < 0.05 (placebo compared to homeopathic complex).

Results

Milk samples with MAR index rates greater than 0.2 can be
considered at high risk of multi-resistance.'” All cows included
in the study were at high risk of multi-resistance: the cows in
the homeopathic complex group had a mean MAR index of
0.385 and the placebo group had a mean MAR index of 0.393,
with no significant difference between groups. The bacterial
strains isolated from the milk of the animals in the present
study showed resistance to the following antibiotics: ampicil-
lin (10 pg), cephalexin (30 pg), ceftiofur (30 pg), streptomycin
(300 pg), gentamicin (10 pg), oxacillin (1 pg), penicillin (10 ui),
and sulfa + trimethoprim (23.75/1.25 pg).

The results for SCC are shown in =Table 1. A significant
difference in SCC was observed between the groups at 60
days of the experiment (p < 0.05). The SCC remained rela-
tively stable for the duration of the study in the homeopathic
complex group but increased in the placebo group, indicating
a potential improvement in immunological control of mas-
titis under homeopathic treatment.

An influence of the treatment with the homeopathic
complex on the composition of the milk produced was also
seen. =Table 2 shows the results of milk production (kg/d)
and percentage of fat, percentage of protein, percentage of
lactose and total solids of dairy cows treated with the
homeopathic complex and the placebo groups. No differ-
ences were seen between groups at day 30, but significant
differences (p < 0.05) were observed in the percentages of
fat, percentages of lactose and percentage of total solids
between the groups at day 60.

The use of the homeopathic complex also resulted in lower
serum cortisol concentrations compared to the placebo
group at day 60 (=Table 3), but not at day 30. Regarding
plasma levels of lactic acid and ammonia, statistically signifi-
cant differences were not observed between groups at any
time point (~Table 4).

Discussion

The use of homeopathic products in the dairy herd has been
tested in a number of studies and has been found to provide
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Table 2 Mean + standard error for milk production, percentage of fat, protein, lactose and total solids as constituents of milk taken
at baseline, days 30 and 60 from cows treated daily with a homeopathic complex or placebo.

Group Time point (days) | Milk production (kg/d) | Fat (%) Protein (%) | Lactose (%) | Total solids (%)
Homeopathic Baseline® 16.17£0.15 3.67 £0.12 | 3.35+0.13 | 4.28+£0.08 12.33+£0.25
complex
30 15.00£0.16 3.73+£0.14 3.46+0.11 | 4.414+0.06 12.59+0.20
60 15.67+£0.17 3.99+0.18 3.52+0.13 | 4.46+0.05 12.95+0.27
Placebo Baseline® 17.71£1.23 3.37+0.13 3.184+0.09 | 4.14+0.05 11.64+0.26
30 17.18+1.4 3.48 + 0.15 | 3.214+0.12 | 4.25+0.6 12.03+0.43
60 15.59+1.43 3.48+£0.15% | 3.26+0.10 | 4.28+0.06 | 11.96 +0.29°

?p < 0.05 (placebo compared to homeopathic complex).

®For milk production, the baseline was at day 0, whilst milk constituents were assessed at day —2.

Table 3 Mean =+ standard error for cortisol and glucose levels
in plasma taken on days 0, 30 and 60 from cows treated daily
with a homeopathic complex or placebo.

Group Time Cortisol Glucose
point (ng/dL) (mg/dL)
(days)

Homeopathic 0 1.70+£0.47 50.42 £0.58

complex
30 0.98+0.30 60.42 +1.21
60 1.06£0.17 67.42+1.79

Placebo 0 0.93+0.14 49.00+1.29
30 0.78+0.17 59.42+1.93
60 1.834+0.21° 67.58 £1.47

?p < 0.05 (placebo compared to homeopathic complex).

Table 4 Mean +standard error for lactic acid and ammonia
levels in plasma taken on days 0, 30 and 60 from cows treated
daily with a homeopathic complex or placebo: no results are
statistically significant (p > 0.05).

Group Time Lactic acid Ammonia
point (mmol/[L) (umol/L)
(days)

Homeopathic 0 0.65+0.14 92.35+19.02

complex
30 0.72+0.12 104.00 +£16.02
60 1.21+0.21 129.67 +8.48

Placebo 0 0,63+£0.15 | 82.10+18.04
30 0.69+0.11 86.25+10.17
60 1.66 +0.27 150.58 +23.09

more effective control of mastitis, generating a product with
a greater added value by improving the quality of milk and
allowing it to be designated as organic.’’ Several authors
have verified the effectiveness of homeopathy in the control
of bovine mastitis.?’?® However, other studies obtained
different results.”?>?’ The study presented here provides
preliminary supportive data for a novel homeopathic com-
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bination medicine in managing mastitis in cows that have
established multi-resistance to antibiotics.

Among the most frequently isolated pathogens associated
with bovine mastitis in Brazil, S. aureus is the most com-
mon.?8 Thus, two biotherapies (S. aureus and Streptococcus
spp) were selected for inclusion in the novel homeopathic
complex as the main etiological agents of mastitis.?>30 In
addition, the homeopathic medicine Ignatia amara was
selected due to its affinity with stress conditions. The other
medicines used in the homeopathic complex were selected
based on their affinity for problems with lactation, including
hard, swollen, painful and congestive teats (Lac vaccinum
defloratum, Phytolacca decandra, Urtica urens); fistulous
abscess and increased milk production (Pulsatilla nigricans);
or inflammatory and infectious processes (Calcarea carbon-
ica, Asa foetida, Sulphur).

Among the most-used methods for monitoring bovine
mastitis is the SCC test. Somatic cells correspond to infiltrates
in milk from the migration of defense cells of the blood to the
interior of the mammary glands, in addition to desquamated
epithelial cells, thus being an important tool in the diagnosis
of the degree of infection of the mammary gland by the
mastitic process.>! Though there is no standard for deter-
mining SCC values in healthy, mastitis-free animals, the
literature cites values between 100,000 and 200,000 cells/
mL.3? Brazilian legislation, through Normative Instruction
Number 31, establishes that for milk to be considered fit for
commercialization within the quality parameters, it must
not exceed 400,000 cells/mL in the SCC test.33 Thus, the SCC
results obtained in the present study demonstrate that the
milk from cows who received the homeopathic complex
were close to the parameters considered normal for this
test, and within the parameters of milk quality for commer-
cialization in the country.

For SCC values lower than 450,000 cells/mL, dairy farmers
receive a bonus of 1% for each reduction of 50,000 cells/mL;
for values from 450,000 to 500,000 cells/mL there is no
bonus; for values above 500,000 cells/mL they suffer a
discount of 1% for each increase of 50,000 cells/mL; and
above 750,000 cells/mL they suffer a total discount of 7% on
the milk price.* In the present study, the animals in the
placebo group presented SCC values of 726,000 cells/mL at 30
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days and 1,520,000 cells/mL at 60 days of the experiment:
values above those recommended by Normative Instruction
Number 31.33 The homeopathic complex group of animals
maintained SCC at levels below 300,000 cells/mL. Low values
of SCC help maintain the health of the mammary gland, and
there is the possibility of a financial bonus to the producer,
increasing profits in the commercialization of milk.

The improvement in the condition of the affected animals,
and consequently in the quality of the milk, from the use of
homeopathy was evidenced in the present study, with a lower
SCC in the group treated with the homeopathic complex
compared to the placebo group on day 60. The results are
similar to those found in the literature,?%-° noting that oral
supplementation with homeopathic complexes promotes a
significant change in the SCC of lactating cows, with a decrease
in SCCin the treated group. This is also consistent with benefit
seen for other homeopathic treatments. For example, in a
study using a homeopathic complex in dairy cows, a decrease
in sub-clinical mastitis was observed in animals treated with
homeopathy when compared to the placebo group.35 In dry
cows treated with homeopathy, protection against mastitis
was observed after subsequent calving.>®

However, according to the literature,>”-38 the effective-
ness of homeopathic protocols in reducing SCC in dairy cows
has shown variation in the results, with some studies show-
ing benefit and some studies not. These differences in
outcome might be explained by some factors such as the
lack of standardization in the preparation of homeopathic
medicines, the form of administration, the dosages used, the
pathogens present in each case, and the environmental
conditions in which the study was conducted; all of which
are important factors affecting the likelihood of deriving
benefit from treatment.

It is also important to take into account that the healing
process through homeopathy is believed to be substantially
different from that which occurs in conventional therapies,
with increases in SCC being common at the beginning of the
use of homeopathy, due to the reaction of the organism that
precedes the cure, which can have variable intensity and
duration.3® It is also important to pay attention to current
legislation, which uses SCC as a determinant of milk
quality.*°

Regarding milk production, it is known that mastitis
causes a decrease in this parameter*' and even though there
was an improvement in milk quality in the group treated
with the homeopathic complex, there were no statistically
significant differences between the homeopathic complex
and placebo groups in the daily milk production. Corrobo-
rating our findings using a homeopathic complex in dairy
cows, no significant difference was observed in milk produc-
tion between the group treated with the homeopathic
complex and placebo in another published study.>”

During mastitis, total milk solids also undergo variations
in their concentrations, mainly in relation to lactose and milk
fat, which are usually reduced.*? The decrease in milk solids
levels occurs, for example, by lower synthesis of components
caused by injury to mammary tissue #' and also by leakage of
components into the blood, through increased permeability
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of blood vessels during inflammation of the mammary
gland.*? In the present study, an increase in the levels of
fat, lactose and total solids in the milk of the animals that
received the homeopathic complex medicine suggests an
active healing process within the tissue of the mammary
gland, preventing leakage and loss of milk constituents. For
the percentage of fat in milk, values above 3.40 are subsi-
dized, with 6% for each percentage point; for proteins, values
above 3.05 are subsidized, with 6% for each percentage
point.>* The homeopathic complex group in our study had
higher fat values, and whilst this was not a large increase,
according to Madalena 2000,*> fat and protein are the
components of milk with the highest economic value for
dairy products, and their concentration is an indicator of the
health of the herd and is associated with higher industrial
yield of dairy products.

The effects on the quality of the milk verified in this study
may be linked to the improvement of the immune response of
the treated animals and by the reduction of the animals’ stress,
as evidenced by the plasma concentrations of cortisol.
Cortisol is released under stress conditions and culminates in
an impaired immune response,** making animals more pre-
disposed to the development of mastitis, in addition to making
the process of resolving the condition more difficult. Serum
cortisol levels were lower in the homeopathic complex medi-
cine group than the placebo group on day 60. Homeopathic
medicines have been shown to change the behavior of animals
by reducing stress.*> In agreement with the results of the
present work, other authors using a homeopathic complex in
Nile tilapia fish verified a reduction in cortisol levels when
compared to the placebo group.*® Also, in sheep under con-
ditions of feed restriction, there was observed a reduction in
plasma cortisol levels and a higher level of antibodies in
animals that received homeopathic complex in the diet.*’

Serum lactic acid and ammonia are also considered to be
indicators of stress. Lactic acid is a by-product of lactate, which
is released by muscles under stress for the genesis of glucose.*
Ammonia is derived from protein catabolism, which also
results from the release of cortisol in stressors.* In the present
study, however, no statistically significant differences between
groups were found for these two parameters.

The animals used in our experiment evidenced multi-
resistance to antibiotics: the animals of the group treated
with homeopathy had a mean MAR index of 0.385 and the
control group without treatment with homeopathy had a
mean MAR index of 0.393. Values above 0.2 are considered
high risk.!” Corroborating these results, collecting and ana-
lyzing milk samples from dairy cows identified 19 isolates
with a phenotypic profile of multidrug resistance.”®
Researching the resistance profile of 15 herds of dairy
cows, where the use of antimicrobials for the treatment
and prevention of bovine mastitis was reported in all the
properties studied, 12 resistance patterns were observed, 6
of them being multi-resistance in nature. The most prevalent
patterns were resistance to penicillin, ampicillin and tetra-
cycline.”’ In another study, it was observed that five of the six
Escherichia coli isolates collected from mastitic milk showed
multi-resistance to the antimicrobials tetracycline,
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neomycin and gentamicin.>” In a survey carried out with 120
strains of E. coli isolated from bovine mastitis, it was shown
that 20% of strains of this bacterium were resistant to two or
more antimicrobials.”> It was observed that penicillin, am-
picillin, amoxicillin and neomycin are the antimicrobials to
which the microorganisms that cause mastitis have greatest
resistance.>® The bacterial strains isolated from the milk of
the animals in the present study showed resistance to eight
different antimicrobials, indicating the clear need to seek
new alternatives for the treatment of bovine mastitis.

Limitations of the study include a lack of randomization or
blinding, as well as a small sample size. Randomization of the
groups was not done as the animals used in the experiment
are the university’s dairy herd, whose management makes it
difficult to randomize into experimental groups. Though a
small number of animals per experimental group was used,
the study still provides important preliminary data on the
potential of a novel homeopathic combination product in an
area of great clinical need.

Several classes of antimicrobials used in the treatment of
diseases in animals are also used in human treatments,
reinforcing the concern that the misuse of antimicrobials
in animals can favor the development of antimicrobial
resistance in humans.>” The use of the homeopathic complex
medicine in the present study was effective in the control of
mastitis in multi-resistant antibiotic-resistant Holstein dairy
cows. New studies should be carried out using double-blind
randomized clinical trial design and with a larger number of
animals per experimental group.

Conclusion

The use of a novel homeopathic complex medicine incorpo-
rated in the diet of dairy cows was found to have a promising
impact on the SCC of milk, with a statistically significantly
lower value than placebo at day 60. A significant increase in
fat content, lactose and total milk solids at 60 days of
treatment was also seen, with reduced serum cortisol levels
in animals treated with homeopathy, making it possible to
obtain superior quality milk, in addition to providing greater
welfare of the production animals.

Highlights

* The study assessed the potential of a novel homeopathic
complex medicine in managing bovine mastitis.

« After 60 days’ treatment of dairy cows, SCC significantly
increased in the placebo-treated group compared to the
homeopathy-treated group.

* Compared to placebo, the group treated with homeop-
athy had reduced plasma cortisol, and higher percen-
tages in milk of fat, lactose and total solids.

* The homeopathic medicine may have improved the
immunological control of mastitis.
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