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Microorganisms associated with the prevalence of subclinical
mastitis in dairy goats in Boyaca, Colombia

Microorganismos asociados a la prevalencia de mastitis subclinica en
cabras lecheras en Boyaca, Colombia

Luis Edgar Tarazona-Manrique'*, Julio César Vargas-Abella',
Roy José Andrade-Becerra!'

This work aimed to determine the microorganisms associated with the prevalence of
subclinical mastitis in dairy goats from Boyaca. A cross-sectional study with convenience
sampling was performed, and 256 individuals were included for analysis. Milk samples
were taken aseptically directly from the mammary gland and transported to the laboratory
at a temperature of 4 °C. In the laboratory, the samples were submitted for the California
Mastitis Test (CMT), and only those with a value of CMT 2 and 3 were selected for
microbial culture in agars and subsequently identified with biochemical tests. The gene-
ral prevalence of subclinical mastitis was 26.56%, which corresponds to 136 mammary
halves. From this prevalence, 73% of the samples presented microbial growth associated
with the disease. The main microbial agents associated with subclinical mastitis were
coagulase-negative staphylococci and coagulase-positive staphylococci with 24 and
26% respectively, likewise, another important finding was the presence of gram-negative
bacteria such as E. coli and some fungi in 4 and 2% respectively.
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RESUMEN

El objetivo del estudio fue determinar los microorganismos asociados a la prevalen-
cia de mastitis subclinica en cabras lecheras de Boyaca. Se realizé un estudio transversal
con muestreo por conveniencia y se incluyeron 256 individuos. Las muestras de leche se
tomaron en forma aséptica, directamente de la glandula mamaria y se transportaron al
laboratorio a una temperatura de 4 °C. En el laboratorio, las muestras fueron sometidas al
California Mastitis Test (CMT), y solo aquellas con un valor de CMT 2 y 3 fueron
seleccionadas para cultivo microbiano en agares y posteriormente identificadas con
pruebas bioquimicas. La prevalencia general de mastitis subclinica fue del 26.56%, lo que
corresponde a 136 mitades mamarias. De esta prevalencia, el 73% de las muestras presen-
taron crecimiento microbiano asociado a la enfermedad. Los principales agentes
microbianos asociados a la mastitis subclinica fueron los estafilococos coagulasa nega-
tivos y estafilococos coagulasa positivos con 24 y 26%, respectivamente. Asimismo,
otro hallazgo importante fue la presencia de bacterias gramnegativas como E. coli y
algunos hongos en 4 y 2%, respectivamente.

Palabras clave: microbiologia, veterinaria, patologia, epidemiologia, estafilococos coa-

gulase negativa

INTRODUCTION

Mastitis is defined as the inflammation
of the mammary gland and is considered the
most important disease within dairy goat herds
worldwide. Its prevalence varies between
regions and countries; however, it ranges
between 5 and 36% depending on several
factors, some specific to the animal such as
age and number of births, and others such as
management measures and the nature of the
infectious agents involved in the disease
(Wakwoya et al., 2006; Contreras et al.,
2007; Megersa et al.,2010; Alemu & Abraha,
2017). In Colombia, the reported prevalence
of subclinical mastitis in goats is 26%, and
the main associated risk factors are age (more
than 3 years), more than five births, days in
milk production (>60 days), absence of
disinfection processes before milking, poor
body condition and presence of teat lesions
(Tarazona-Manrique et al., 2022).

Its denomination varies according to its
clinical course and infectious etiology.
According to its clinical manifestation, it is

classified into clinical and subclinical mastitis.
In the first form, there are observable changes
in the mammary gland such as inflammation,
redness, and pain, as well as alterations in
the milk produced due to enzymatic processes
typical of inflammation, added to the bacterial
or fungal growth. If the treatment is
conducted properly, the possibility of losing
the affected mammary half decreases;
however, if the process is very serious, the
animal may lose its productive capacity and,
consequently, be discarded (Andrade-Bece-
rra et al., 2012, 2018). In the second form,
there are no clinical symptoms in the
mammary gland, as well as no apparent
alterations in the milk; however, it has been
shown that the quality and quantity of milk
decrease by up to 45%. This form of mastitis
presents difficulties for its treatment due to
the failure in detection causes the process to
take a chronic course and gradually affects
the goat’s health status and its productive
capacity (Contreras et al., 2007 ; Megersa
et al.,2010; Tarazona-Manrique et al., 2019;
Novac & Andrei, 2020).

Rev Inv Vet Peru 2024; 35(4): €28779



Microorganisms associated with subclinical mastitis in goats

On the other hand, according to its
infectious etiology, it can be classified as
contagious and environmental mastitis.
Contagious mastitis is transmitted between
animals, a situation that occurs mainly during
milking processes due to teat disinfection
failures. The main etiological agents involved
in this process are coagulase-positive
staphylococci (CPS) such as Staphylo-
coccus aureus and some Streptococci such
as Streptococcus agalactiae (Contreras et
al., 2011; Andrade-Becerra et al., 2012,
2018). Environmental mastitis is mainly
caused by gram-negative bacteria, species of
coagulase-negative staphylococci (CNS),
some streptococci, and fungi, because these
agents are found mainly in the environments
where the animals stay, such as pens conta-
minated with faccal matter and paddocks with
little infiltration capacity (Contreras &
Rodriguez, 2011; Andrade-Becerra et al.
2012; Andrade-Becerra ef al. 2018). Regard-
less of their infectious etiology, microor-
ganisms can cross the teat cistern and gradua-
1ly colonize the interior of the mammary gland,
generating inflammatory processes that vary
in severity according to the infectious agent
involved and the immune response capacity
of the goat (Machado, 2018; Omar & Mat-
Kamir, 2018).

In Colombia, studies related to this topic
are scarce, however, some have been
developed in which the risk factors associated
with its manifestation have been determined
(Tarazona-Manrique et al., 2022), but the
main infectious agents involved in its
manifestation have not yet been determined
and, therefore, it has not been possible to
generate adequate control mechanisms
according to its infectious etiology. Therefore,
the objective of this study was to determine
the bacterial and fungal infection etiology
involved in the prevalence of subclinical
mastitis in dairy goats in Boyaca.
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MATERIALS AND METHODS

Study and Animals

The animals and farms present in this
article are part of a previous study published
by Tarazona-Manrique et al. (2022), in which
25 goat farms were included. Of these, 256
lactating animals with an average age of 27
months were included. In all production
systems, milking was done manually once a
day in the morning. Animals with clinical
manifestations of mastitis were not included
(CMT >4), likewise, only animals between 3
and 120 days in milk (DIM) production were
sampled.

Sampling and Transport

The sampling was performed as
mentioned in Tarazona-Manrique et al.
(2022), where a disinfection process was
conducted on each half before the collection,
taking approximately 20 mL of milk from each
udder half (each half was considered as an
individual sample) (NMC, 2009). Samples
were labelled and transported at 4-6 °C
without additives to the Laboratory of Milk
Quality Analysis and Mastitis Control at the
Universidad Pedagogica y Tecnologica de
Colombia in Tunja-Boyaca.

California Mastitis Test

The CMT procedure was performed in
the laboratory within five hours after taking
the sample. For this, 3 mL of milk was taken
and mixed in a CMT plastic palette with 3
mL of the reagent (alkyl aryl sulfonate),
followed by a circular motion for 20 s (NMC,
2009; Persson & Olofsson, 2011). The score
was given between 0 and 5, where the
gelation results were analysed as follows:
CMT 0 and CMT 1: negative sample, CMT
2-3: positive sample for subclinical mastitis,
CMT 4-5: positive sample for clinical mastitis
(Persson & Olofsson, 2011).
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Microbiological Tests and Microbial
Identification

Positive samples for subclinical mastitis
(CMT 2 and 3) were subjected to microbio-
logical culture and biochemical tests to
identify the microorganisms present. For this,
the microbial culture and biochemical
identification methodologies proposed by the
National Mastitis Council of the United States
were followed, due to these being used as a
routine in the laboratory and other investi-
gations of the group (Andrade-Becerra et al.,
2014; Tarazona-Manrique et al., 2019).

Milk samples were cultivated in blood
agar for 24-48 hours and in MacConkey agar.
After this, Gram coloration was performed.
The Gram-positive cocci were tested using
the coagulase test and differentiated as
positive and negative coagulase. Then the
colony was cultivated in ID32 STAPH, to
identify and confirm gender and species, thus
Staphylococcus aureus differed from other
CPS. For Streptococcus spp, CAMP,
hydrolysis of esculin, Hippurate, and inulin,
and growth in NaCl were used. For Gram-
negative bacilli: oxidase, indole, triple sugar,

80

Frequency (%)
) w I w N -
[S) ) =) =) o =)

=
o

Positive

Methyl Red-Voges Proskauer (RM-VP), Lys
Agar decarboxylase (LIA), urea, and citrate
tests were used. All samples were cultivated
in Saboureaud agar for yeast and molds and
on Hayflick agar for 7 days for the detection
of Mycoplasma spp (Andrade-Becerra et
al., 2014; NMC, 2017, Tarazona-Manrique
etal.,2019).

Statistical Analysis

The data obtained were recorded in an
Excel® sheet. Descriptive analysis of the
results was performed.

REsuLTS AND DISCUSSION

The general prevalence of subclinical
mastitis was 26.56% (136/512 samples).
However, not all 136 samples resulted positive
in the laboratory (Figure 1).

The microorganisms found in positive
samples are shown in Table 1. The main
microorganisms associated with the preva-
lence of subclinical mastitis in dairy goats in
Boyaca correspond to CPS and CNS.

Negative Contaminated

Laboratory results

Figure 1. Distribution of samples according to microbial growth.
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Table 1. A list of microorganisms in milk samples of dairy goats with subclinical mastitis

Microorganism Samples

n %
Coagulase-negative Staphylococci 33 24.26
Staphylococcus aureus 13 9.55
Coagulase-positive Staphylococci 26 19.11
Streptococcus agalactiae 6 4.41
Other streptococci 6 4.41
Mycoplasma spp 3 2.20
Escherichia coli 8 5.88
Fungi 3 2.20
Contaminated 26 19.11
Not growth 12 8.82
Total 136 100

The results presented here correspond,
to the best of the authors’ knowledge, to the
first report of microorganisms associated with
the prevalence of subclinical mastitis in dairy
goats in Boyaca and Colombia. The results
shown in Figure 1 show that more than 70%
of the samples with subclinical mastitis
presented microbial growth, these results
agree with those reported by Gelasakis et al.
(2016) and Hristov et al. (2016) who found
that around 80% of the samples with
subclinical mastitis are positive for microbial
growth of various kinds, mainly bacterial.

Itis interesting to point out that in 8.82%
of the samples were negative to microor-
ganisms, and thus was probably due to aseptic
processes that can trigger an increase in the
somatic cell count, such as the beginning of
lactation, or some other risk factors (Andrade-
Becerra et al., 2018; Tarazona-Manrique et
al.,2022). The goats in this study live in steep
landscapes with the presence of thorny plants
and an environment that can be considered
hostile, facilitating the occurrence of subcli-
nical mastitis without microbial presence.
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The main bacterial agents corresponded
to two large groups, CPS and CNS. These
results agree with the reported by Gelasakis
etal.(2016) and Mishra et al. (2018) in small
goat’s dairy farms. Its presence in dairy herds
has been associated with failures in
disinfection management in milking, this is a
result that can be corroborated with the risk
factors determined in Tarazona-Manrique et
al. (2022) where failures in the disinfection
process a factor that was statistically related
to the presence of subclinical mastitis in the
same animals of this study.

Hristov et al. (2016) determined that the
most common pathogens in subclinical mastitis
were Staphylococci, especially those of the
negative coagulase genus (52.75%), a value
much greater than that determined in this
study. Another important aspect of the study
by Hristov is the presence of co-infections
between Staphylococci species and gram-
negative microorganisms in subclinical mastitis,
an aspect that was not found in this study
where none of the samples showed co-
infection.
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Marogna et al. (2012) and Suwito ef al.
(2019) showed that, in order of importance,
the pathogens associated with subclinical
mastitis in goats were Staphylococci,
Streptococci, Enterococci, and Mycoplasma
species, results similar to those found in this
study, showing that despite the geographical
differences from the studies it is possible to
consider that these pathogens may be the main
agents involved in all cases of subclinical
mastitis in herds worldwide, therefore, the
management measures that have been
reported worldwide can be applied to
Colombian herds hoping to find similar results.

Studies in specialized national dairy
cattle farms have shown the transmission of
Streptococci species from the milkers to
cows, as well as from the environment,
demonstrating the importance of health
controls of workers and control of the milking
routine to reduce their presence as causative
agents of subclinical mastitis (Cobo-Angel et
al. 2018,2019). This is a situation that could
have occurred in this study, however, the
investigation of the sources of contamination
or transmission of each of the pathogens was
not performed.

An important aspect to take into
account is the presence of rare pathogens
such as fungi and gram-negative bacteria
such as Escherichia coli as agents that
trigger subclinical mastitis because these
pathogens have been commonly associated
with clinical manifestations of the disease due
to biological factors, such as virulence factors
in E. coli and the biological structure of fungi,
which prevent efficient elimination by
leukocytes in the mammary gland (McDougall
et al., 2010). Other studies have reported the
presence of microbial agents such as Listeria
spp, Neisseria spp, and Bacillus spp as agents
of subclinical mastitis and especially important
due to their impact on public health, principally
for Listeria spp (Okoko et al., 2020). Although
in this study they were not determined, it is
important to carry out epidemiological
surveillance of these important agents for
public health.

It has also been proposed that the
presence of agents such as small ruminant
lentiviruses predisposes bacterial colonization
of the udder, however, there are still unknowns
about their true role (Urbafiska et al., 2021).
Another important aspect to consider mastitis
is the microbiome present in the milk because
it varies according to the type of mastitis
present, therefore, this could directly influence
the ability it has the host to eliminate the
infection because a multiplicity of potential
pathogenic bacterial agents can aggravate the
clinical outcome, as well as reduce the
efficacy of antibiotic treatments (Polveiro et
al., 2022).

In conclusion, for the first time in
Boyaca, CPS and CNS have been found as
the main infectious agents involved in
subclinical mastitis in goat herds. However, it
is also necessary to highlight the presence of
other agents such as fungi and gram-negative
bacteria such as E. coli.

Acknowledgments

The authors would like to thank the
Universidad Pedagogica y Tecnologica de
Colombia for funding this research through
the project SGI 3271 «Estandarizacion de
las caracteristicas fisicoquimicas y
microbiologicas de la leche cruda de ca-
bra para la elaboracion de queso feta en
el municipio de Boavita — Boyaca».

REFERENCES

1. Alemu S, Abraha A. 2017. Prevalence
of bacteria associated with subclinical
mastitis in Haramaya University dairy
cattle, goat, and sheep farms. EAJVAS
1: 61-66.

2. Andrade-Becerra RJ, Vargas-Abella
JC, Caro Z. 2018. Importancia del
conteo de células somaticas en la cali-
dad de la leche de vaca. Tunja, Colom-
bia: Univ. Pedagdgica y Tecnologica de
Colombia. 139 p.

Rev Inv Vet Peru 2024; 35(4): €28779



Microorganisms associated with subclinical mastitis in goats

Andrade-Becerra RJ, Pulido M,
Rodriguez C. 2012. Sanidad de ubre,
calidad de leche. Tunja, Colombia: Univ.
Pedagogica y Tecnologica de Colombia.
169 p.

Andrade-Becerra RJ, Caro-Carvajal
ZE, Pulido-Medellin MO, Porras-
Vargas JL, Vargas-Abella JL. 2014.
Prevalencia de bacterias causantes de
mastitis en fincas lecheras de Toca
(Boyaca, Colombia). Ciencia y Agricul-
tura 11: 47:53.

Cobo-A'ngel C, Jaramillo-Jaramillo
AS, Lasso-Rojas LM, Aguilar-Marin
SB, Sanchez J, Rodriguez-Lecompte
JC, Ceballos-Marquez A, Zadoks RN.
2018. Streptococcus agalactiae is not
always an obligate intramammary
pathogen: Molecular epidemiology of
GBS from milk, feces, and environment
in Colombian dairy herds. Plos One 13:
€0208990. doi: 10.1371/journal.pone.-
0208990

Cobo-Angel CG, Jaramillo-Jaramillo
AS, Palacio-Aguilera M, Jurado-
Vargas L, Calvo-Villegas EA, Ospina-
Loaiza DA, Rodriguez-Lecompte JC,
et al. 2019. Potential group B
Streptococcus interspecies transmission
between cattle and people in Colombian
dairy farms. Sci Rep 9: 14025. doi:
10.1038/541598-019-50225-w
Contreras G, Rodriguez J. 2011. Mas-
titis: comparative etiology and epide-
miology. ] Mammary Gland Biol 16: 339-
356.doi: 10.1007/s10911-011-9234-0
Contreras A, Sierra D, Sanchez A, Co-
rrales J, Marco J, Paape M, Gonzalo
C. 2007. Mastitis in small ruminants.
Small Ruminant Res 68: 145-153. doi:
10.1016/j.smallrumres.2006.09.011
Gelasakis Al, Angelidis AS, Gian-
nakou R, Filioussis G, Kalamaki MS,
Arsenos G 2016. Bacterial subclinical
mastitis and its effect on milk yield in low-
input dairy goat herds. J Dairy Sci 99:
3698-3708. doi: 10.3168/jds.2015-10694

Rev Inv Vet Peru 2024; 35(4): 28779

10.

11.

12.

13.

14.

15.

16.

17.

18.

Hristov K, Popova T, Pepovich R,
Nikolov B. 2016. Characterization of
microbial causative agents of subclinical
mastitis in goats in Bulgaria. Int J Curr
Microbiol Appl Sci 5: 316-323. doi:
10.20546/ijcmas.2016.508.034
Machado GP. 2018. Mastitis in small
ruminants. Anim Husb Dairy Vet Sci 2: 1-9.
Marogna G, Pilo C, Vidili A, Tola S,
Schianchi G, Leori S. 2012. Compa-
rison of clinical findings, micro-biological
results, and farming parameters in goat
herds affected by recurrent infectious
mastitis. Small Ruminant Res 102: 74-83.
doi: 10.1016/j.smallrumres.-2011.-08.013
McDougall S, Supré K, De Vliegher
S, Haesebrouck F, Hussein H, Clausen
L, Prosser C. 2010. Diagnosis and
treatment of subclinical mastitis in early
lactation in dairy goats. J Dairy Sci 93:
4710-4721. doi: 10.3168/jds.2010-3324
Megersa B, Tadesse C, Abunna F,
Regassa A, Mekibib B, Debela E.
2010. Occurrence of mastitis and asso-
ciated risk factors in lactating goats under
pastoral management in Borana,
Southern Ethiopia. Trop Anim Health Pro
42:1249-1255. doi: 10.1007/s11250-010-
9557-7

Mishra AK, Sharma N, Singh DD,
Gururaj K, Abhishek, Kumar V,
Sharma DK. 2018. Prevalence and
bacterial etiology of subclinical mastitis
in goats reared in organized farms. Vet
World 11: 20-24. doi: 10.14202/vetworld.-
2018.20-24

National Mastitis Council. 2009.
Microbiological procedures for the diag-
nosis of bovine udder infection. 3% ed.
New Prague: NMC. 49 p.

National Mastitis Council. 2017.
Laboratory handbook on bovine mastitis.
3 ed. New Prague: NMC. 148 p.
Novac CS, Andrei S. 2020. The impact
of mastitis on the biochemical para-
meters, oxidative and nitrosative stress
markers in goat’s milk: a review.
Pathogens 9: 882. doi: 10.3390/patho-
gens9110882



19.

20.

21.

22.

23.

L.Tarazona-Manrique et al.

Okoko IM, Maina N, Kiboi D, Kagira
J. 2020. B-lactam resistance in bacteria
associated with subclinical mastitis in
goats in Thika Subcounty, Kenya. Vet
World 13: 1448-1456. doi: 10.14202/
vetworld.2020.1448-1456

Omar S, Mat-Kamir N. 2018. Isolation
and identification of common bacteria
causing subclinical mastitis in dairy goats.
Int Food Res J 25: 1668-1674. doi:
10.14202/vetworld.2018.355-362
Persson Y, Olofsson 1. 2011. Direct
and indirect measurement of somatic cell
count as indicator of intramammary
infection in dairy goats. Acta Vet Scand
53:15-20.

Polveiro R, Vidigal PM, Mendes TA,
Yamatogi R, da Silva L, Fujikura J,
Da Costa M, et al. 2022. Distinguishing
the milk microbiota of healthy goats and
goats diagnosed with subclinical mastitis,
clinical mastitis, and gangrenous mastitis.
Front Microbiol 13: 918706. doi: 10.3389/
fmicb.2022.918706

Suwito W, Andriani A, Sri Nugroho W.
2019. Isolation and identification of bac-
teria from goat milk subclinical mastitis
Etawa crossbreed goat (PE) in Kemiri
Kebo, Sleman, Yogyakarta. J [lmu-Ilmu

24.

25.

26.

27.

Peternakan 29: 56-64. doi: 10.21776/
ub.jiip.2019.029.01.07
Tarazona-Manrique LE, Salamanca-
Acuiia E, Andrade-Becerra R,
Vargas-Abella J. 2022. Determination
of risk factors related to prevalence of
subclinical mastitis in dairy goats in
Boyaca- Colombia. Rev MVZ Cérdoba
27:e2774. doi: 10.21897/tmvz.2774
Tarazona-Manrique LE, Villate J,
Andrade-Becerra R. 2019. Bacterial
and fungal infectious etiology causing
mastitis in dairy cows in the highlands of
Boyaca (Colombia). Rev MVZ Cordoba
66:208-218. doi: 10.15446/rfmvz.v66n3.-
84258

Urbaniska D, Pucha’a R, Jarczak J,
Czopowicz M, Kaba J, Horbajiczuk K,
Bagnicka E. 2021. Does small ruminant
lentivirus infection in goats predispose to
bacterial infection of the mammary
gland? a preliminary study. Animals 11:
1851. doi: 10.3390/ani11071851
Wakwoya A, Molla B, Belihu K, Kleer
J, Hildebrandt G. 2006. A cross-
sectional study on prevalence, antimi-
crobial susceptibility pattern and associa-
ted bacterial pathogens of goat mastitis.
Int J Appl Res Vet M 4: 169-176.

Rev Inv Vet Peru 2024; 35(4): €28779



