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SUMMARY

Mastitis, the inflammation of the mammary gland, represents one of the main pathologies in dairy cattle farm. It leads to se-
vere economic losses and drug administration, representing a relevant problem for animals, farmers, and public health. Diag-
nosis mainly consists in analysis on milk, such as microbial culture, PCR and somatic cell count. Considering the vitally importance
of a fast and reliable diagnosis, the aim of this research is to evaluate ultrasound mammary examination as an on-farm tool able
to timely detect and characterize quarters affected by mastitis. For this purpose, 39 primiparous and multiparous dairy cattle from
a single farm in Veneto Region (Italy) have been enrolled. For each animal, clinical examination, ultrasound examination of the
mammary gland and milk sampling of single quarter have been performed. Animals have been divided into four groups based
on symptoms, microbial culture and somatic cell count. Specifically, CTR” (control, having no clinical signs, negative microbial
culture and SCC< 200.000 cells/ml), “IMI” (Intramammary infection, having no clinical signs, positive microbial culture and
SCC <200.000 cells/ml), “SUB” (subclinical, having no clinical signs, positive microbial culture and SCC =200.000 cells/ml) and
“CL” (clinical, having clinical signs, positive microbial culture and SCC =200.000 cells/ml). An ultrasound classification of the
echogenicity of the content of the mammary gland cistern has been proposed from 0 (completely anechoic cistern), to 3 (com-
pletely echogenic cistern). Considering the non-homogenous distribution of data, Kruskal-Wallis rank sum test has been applied.
Results show significant differences between groups of SCC (means + standard deviation 18.39£3.21, 33.75+5.12, 608.71+148.50,
1267.20£94.98 from group 0 to 3 respectively) and ultrasound score (means + standard deviation 0.71+0.2, 0.84+0.11, 1.00£0.38,
2.60£0.24 from group CTR to CL respectively. Moreover, SCC values were significantly different also considering US Score (means
+ standard deviation 32.52%7.25,91.92+39.11, 109.08+57.78, 412.07+159.52 from score 0 to 3 respectively). Even though fur-
ther studies are needed in order to validate and deepen this technique, these results suggest a possible application of ultrasound
examination as a fast and immediate detection instrument of mastitis.
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INTRODUCTION

Mastitis is an inflammation of the mammary gland in dairy cat-
tle, primarily caused by bacterial infection. It remains one of
the most common diseases in dairy farming, impacting ani-
mal health and farm economics. Major losses from mastitis in-
clude reduced milk production, discarded milk, increased vet-
erinary costs, and increased culling rate. A 2019 study in Lom-
bardy, Italy, found that 50% of dairy herds tested positive for
contagious mastitis pathogens, which often require antimicrobial
treatment. However, this contributes to concerns about an-
tibiotic resistance, as many pathogens involved in mastitis can
also affect humans.
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Mastitis can be classified by pathogen type-environmental or
contagious-and by symptoms-clinical or subclinical. Envi-
ronmental mastitis is caused by microorganisms in the envi-
ronment, while contagious mastitis spreads from infected to
healthy cows, often during milking. Clinical mastitis involves
visible symptoms like milk changes, swollen udders, and sys-
temic illness. Over 135 microorganisms are known to cause in-
tramammary infections, with staphylococci, streptococci, and
gram-negative bacteria being the most common.

Mastitis diagnosis typically involves microbial culture or PCR
to identify the pathogen, allowing for targeted treatment and
better management. Inflammatory responses can also be as-
sessed using indicators such as somatic cell count (SCC), elec-
trical conductivity, and specific enzyme levels. Although a raised
SCC s a recognized indicator of a bacterial infection, a very low
SCC has been associated with an increased susceptibility to clin-
ical mastitis. Various cow-side methods have been developed
and studied in order to measure or estimate milk SCC direct-



168 Ultrasound evaluation and diagnostic grading of mammary gland cistern in quarters of dairy cows affected by mastitis

ly on farm, allowing for timely diagnosis. These include the Cal-
ifornia Mastitis Test (CMT) and Wisconsin Mastitis Test
(WMT). Other on-farm tools include On-Farm Culture, In-
frared Thermography and, more recently, ultrasound mammary
evaluation. Ultrasound is a non-invasive technique that pro-
vides real-time tissue visualization through grayscale and a 2D
imaging. It has been extensively used on cattle farms for var-
ious purposes, including gynecology, reproduction, body
condition scoring, marbling evaluation, and diagnosing res-
piratory and metabolic conditions.

Its application to mammary gland evaluation is more recent.
To capture images of the glandular parenchyma, the gland cis-
tern (gland sinus), and the border between the gland cistern
and the teat cistern (teat sinus), the transducer must be applied
directly to the mammary gland. Physiologically, udder
parenchyma appears as a homogeneous echoic structure with
few anechoic vessels and milk ducts. Mammary gland cistern,
instead, can be described as a large anechoic area, due to the
abundant milk content. Some studies already applied this tech-
nique in order to predict productive strength of dairy cows, such
as daily milk yield.

Ultrasonographic characteristics of mammary glands affect-
ed with mastitis have been described in cows, ewes, sows, and
bitches. In dairy cows, teats and mammary glands parenchy-
ma have been examined via ultrasonography in both healthy
and diseased cases. Macroscopic alteration during clinical mas-
titis, such as abscesses, gas formation, haematoma, oedema have
well been described in a study of 2004. Another article found
the non-homogeneity of udder parenchyma in the first ex-
amination as a reliable factor able to predict outcome of clin-
ical mastitis. A non-homogeneous hypoechoic pattern was im-
aged by Amorim in case of acute mastitis while a hyperechoic
pattern was imaged in chronic mastitis as a result of fibrosis.
A 2020 study described the udder parenchyma affected by sub-
clinical mastitis as homogenous hypoechoic with lack of clar-
ity of visualization of milk alveoli and lactiferous duct. More-
over, they highlighted a loss of anechogenicity of gland cisterns
with hypoechogenic content, in-stead. Finding of echogenic sol-
id content in gland cistern was in agreement with another ar-
ticle of 2015.

Considering the importance of a timely and accurate diagno-
sis of mastitis, the aim of this study is to assess the ultrasound
evaluation of the mammary gland cistern as reliable diagnos-
tic tools for the detection and characterization of mastitis.

MATERIAL AND METHODS

Animals’ enrolment and experimental
design

This study was carried out within Agritech National Research
Center, and was approved by the Ethical Commiittee of the Uni-
versity of Padua (Prot. N. 20804/2024). Animal care and pro-
cedures were in accordance with the European directive
2010/63/EU and the national law D.L.2014/26.

For this study, 39 primiparous and multiparous dairy cattle have
been enrolled. Specifically, 8 cattle were primiparous, 9 were
at second lactation, 5 at third lactation, 5 at fourth lactation,
4 at fifth lactation, 3 at sixth lactation, 2 at seventh lactation,
1 at eight lactation, 2 at tenth lactation.

All animals have been clinically examined in order to prelim-
inary detect clinical mastitis, with a specific focus on milk

macroscopic alterations, possible mammary quarters inflam-
matory indicators and systemic signs. A control group repre-
sented by healthy animals (no systemic signs, SCC< 200.000
cells/ml and negative microbial culture) has been included. To
avoid bias due to management or environmental factors, a sin-
gle farm in Veneto region, Italy, having high incidence of mas-
titis caused by Coagulase Negative Staphylococci (CoNS) has
been selected. Moreover, to reduce animals-related differences,
only Simmental cows have been considered. Animals with oth-
er pathologies, differing from mastitis, or being treated in the
same lactation with systemic or local antibiotics, have been ex-
cluded. Data regarding number of lactations and days in milk
(DIM) have been collected. For each animal, sterile milk sam-
pling of the single quarters has been performed and transported
within 12h to Istituto Zooprofilattico delle Venezie (IZSVe) in
order to perform microbial analysis and SCC. Then, 6 hours
from the morning milking, ultrasound mammary evaluation
of the single quarters have been performed.

Based on the result of the clinical examination and milk analy-
sis (performed as described in the next sub-section), animals
have been divided into 4 groups: “CTR” (control, having no clin-
ical signs, negative microbial culture and SCC< 200.000
cells/ml), “IMI” (Intramammary infection, having no clinical
signs, positive microbial culture and SCC <200.000 cells/ml),
“SUB” (subclinical, having no clinical signs, positive microbial
culture and SCC =200.000 cells/ml) and “CL” (clinical, having
clinical signs, positive microbial culture and SCC =200.000
cells/ml).

Data collected have then been statistically analysed.

Milk sampling and laboratory analysis
Single quarter milk samples were collected aseptically from each
quarter of each cow during the evening milking following Na-
tional Mastitis Council (NMC) guidelines Briefly, the teats were
previously cleaned, stripped, predipped and dried, then they
were scrubbed using 70% alcohol and eventually 3 streams of
milk were collected in a tube maintained with a 45° inclina-
tion, in order to avoid contamination. The samples were la-
belled and kept refrigerated at 4°C until the delivery to the IZSVe
laboratory. Within 24 hours from the collection, the SCC and
the milk culture were performed on each sample.

Briefly, 0.01 ml of milk was streaked on a portion of a blood
agar plate, and incubated at 35 to 37°C overnight in a CO2 in-
cubator. Plates were examined for growth at 24 and 48 h. Bac-
teria were identified by colony morphology and Gram stain.
SCC was measured with a DeLaval cell counter (DCC; DeLaval
International AB, Tumba, Sweden) according to the manufactor
instructions, milk culture was performed according to the NMC
guidelines . Pathogen’s identification was confirmed using Ma-
trix Assisted Laser Desorption Ionization - Time of Flight mass
spectrometry (MALDI-TOF MS), with the MALDI Biotyper
System (Bruker Daltonik GmbH, Bremen, Germany).
Considering that 3 cows had only 3 quarters in milking, due
to acute mastitis process in previous lactations, a total of 151
mammary quarters have been sampled.

Ultrasound classification of mammary
gland cistern

Mammary gland cistern, in case of no alteration, appear as a
large homogeneous anechoic area.

According to this, 6 hours from morning milking, ultrasound
mammary evaluation has been performed. For this purpose,
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a portable ultrasound scanner (Draminski Blue; Draminski®
S.A., Olsztyn, Poland) equipped with a multi-frequency con-
vex probe (B mode; Frequency 6.5 MHz; Depth 150 mm; Fo-
cus 50 mm) has been used. After been sprayed with alcohol 90%
(as transducing agent), each quarter has been longitudinally
scanned, with a specific focus to mammary gland cistern. The
probe was placed on the upper lateral (front quarters) and cau-
dal (hind quarters) surfaces, scanning the structures going
downward toward the teat. Captures of mammary gland cis-
tern have been registered in order to classify them. An Ultra-
sound Score (US Score) from 0 to 3 based on echogenicity, has
been proposed in our study as explained hereafter and shown
in table 1.

US Score 0 was assigned to completely anechoic mammary
gland cistern aspect.

US Score 1 was assigned in case of presence of little echogenic
spots in the gland cistern.

US Score 2 was assigned to mammary gland cistern present-
ing massive echogenic spots.

US Score 3 was assigned to completely echoic mammary gland
cistern.

Statistical analysis

Statistical analysis was performed using the R version 4.3.2.
Based on the clinical examination, SCC and microbiological
analysis, animals have been divided into 4 groups. Before start-
ing the analysis, Shapiro-Wilk test has been applied in order
to evaluate normal distribution of data. Non-normal distri-
bution of data has been assessed. From this statement, means
and standard error of means (SEM) of SCC, DIM, number of
lactations have been calculated. Then, Kruskal-Wallis rank sum
test have been applied in order to evaluate significative dif-
ferences between groups, and between different US Score. Sig-
nificance has been considered with p-value<0.05.

Table 1 - Visive explanation of criteria to assign Ultrasound Score to mammary gland cistern

US Score

US Images

US Score 0:

completely anechoic mammary gland cistern
(Dairy cattle; B mode; Frequency 6.5 MHz;
Depth 150 mm; Focus 50 mm)

US Score 1:

small echogenic spots (Dairy cattle; B mode;
Frequency 6.5 MHz; Depth 150 mm; Focus 50
mm)

US Score 2:

massive echogenic spots (Dairy cattle; B mode;
Frequency 6.5 MHz; Depth 150 mm; Focus 50
mm)

US Score 3:

completely echogenic mammary gland cistern
(Dairy cattle; B mode; Frequency 6.5 MHz;
Depth 150 mm; Focus 50 mm)
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Table 2 - Means and Standard Error of Means (SEM) of Days in Milk (DIM, number of lactations, somatic cell count (SCC) and Ultrasound

Score (US Score) per Group.

Variables CTR (means+SEM) IMI (means+SEM) SUB (means+SEM) CL (means+SEM)
DIM (days) 242.06+11.41 270.71+10.98 209.86+45.23 179.40+36.55
Number of lactations 3.61+0.31 3.43+0.28 4.29+0.71 4.00+0.89
SCC x 103 (cells/ml) 18.39+3.21 33.75+5.12 608.71+148.50 1267.20+94.98
US Score 0.71£0.2 0.84+0.11 1.00+0.38 2.60+0.24

Table 3 - Means and Standard Error of Means (SEM) of Days in Milk (DIM), number of lactations and somatic cell count (SCC) per Ultra-

sound Score (US Score).

Variables US Score 0 (means+SEM)  US Score 1 (means+SEM)US Score 2 (means+SEM) US Score 3 (means+SEM)
DIM (days) 260.97+11.72 240.62+15.19 254.32+16.82 241.79+26.80
Number of lactations 3.41+0.28 3.30+0.39 3.96+0.59 4.36+0.39

SCC x 108 (cells/ml) 32.52+7.25 91.92+39.11 109.08+57.78 412.07+159.52

RESULTS

According to milk culture and clinical examination, 62 quar-
ters have been classified as group CTR, 77 as group IMI, 7 as
group SUB and 5 as group CL. Due to uncertain microbial cul-
ture, 2 quarters have been excluded. From the analysis, 73 quar-
ters were positive for CoNS, 4 to Bacillus spp., 4 to Streptococ-
cus Uberis, 3 to Enterococcus spp., 2 to Escherichia Coli, 1 to Ser-
ratia spp., 1 to S. Aureus and 1 to Proteus spp..

From the statistical analysis, means and SEM of DIM (expressed
in days), number of lactations and SCC (expressed in cells/ml)
of all the animals enrolled have been calculated. Results for DIM,
number of lactations and SCC were respectively 253.11+7.81,
3.56+0.20, 94.94+21.70.

Of all ultrasound images performed of the mammary gland,
75 have been classified as score 0, 37 as score 1, 25 as score 2,
14 as score 3.

Different means and SEM of DIM, number of lactations, SCC
and US Score have been expressed according to group CTR, IMI,
SUB and CL. Results are reported in table 2.

Kruskal-Wallis rank sum test has then been applied in order to
evaluate significative differences of DIM, number of lactations,
SCC and US Score between groups. Results show significant dif-
ferences both considering SCC and US Score (p-values < 0.01),
with increasing values from group CTR to group CL.

Then, different means and SEM of DIM, number of lactations
and SCC have been expressed according to different US
Scores. Results are reported in table 3.

Kruskal-Wallis rank sum test has then been applied in order
to evaluate significative differences of DIM, number of lacta-
tions and SCC between quarters having different ultrasound
scores. Result shows significant difference of SCC between ul-
trasound score group, with p-value < 0.01.

DISCUSSION

Nowadays, mastitis still represents the most common cause of
morbidity in adult dairy cows, causing economic losses due to
therapy, reduction of milk production, milk discard, repro-
duction losses, and increased culling probability . Considering
both the emerging problem of antimicrobial resistance and the

massive usage of antimicrobials during mastitis, internation-
al pressure is applied to limit its application in animals, lead-
ing to the development of new preventive and therapeutic strate-
gies, and new cow-side diagnostic tests. Ultrasonography
represents a real-time technique already extensively used in cat-
tle farms in several fields. More recent is its application to the
evaluation of the mammary gland. Previous studies already as-
sessed the ability of ultrasonography to estimate cisternal milk
storage, and evaluate the percentage of secretory tissue and the
numerical pixel value of parenchyma, both significantly cor-
related with daily milk yield. Moreover, correlation between non-
homogeneous parenchyma during clinical mastitis and poor
prognosis has been proved. The aim of our study was to eval-
uate ultrasonography as a reliable on farm tool able to iden-
tify mastitis in dairy cows. For the first trial, we focused on milk
analysis and clinical evaluation related to the aspect of the mam-
mary gland cistern, proposing an ultrasound score from 0 to
3 based on the echogenicity, as described in material and meth-
ods. Animals have been divided in 4 groups, based on clinical
examination, microbial culture and SCC.

From microbial culture, 89 quarters out of 151 (58,9%)
showed positivity. Moreover, 73 quarters were positive to CoNS,
confirming high incidence of CoNS infections. Only 5 of the
infected quarters showed clinical signs, with mammary
swelling and milk alteration. These results agree with previous
articles, assessing high prevalence of subclinical mastitis
caused by CoNS in dairy cows.

No significant differences in DIM and parity were highlight-
ed between groups. The non-significant effect of stage of lac-
tation agrees with a study of 2019 analysing the impact of cow
factors on intramammary infection. Differently, authors
found significant difference between parity order. This diver-
gence might be explained by a non-homogeneous distribution
of number of lactations in our dataset.

From statistical analysis, a significant difference of SCC means
between groups and between ultrasound scores, emerged. Par-
ticularly, SCC values increased from CTR to CL group and from
score 0 to score 3. Moreover, also US score means increased grad-
ually from CTR group to CL group, highlighting a significant
difference. The difference of SCC between groups can be ex-
plained considering the physiopathology of the mastitis. SCC
represents an important indicator of the health status of bovine
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udders. Commonly, the cut-off value used to differentiate
healthy and sick quarters is set to 200.000 cells/ml. Somatic cells
are mainly milk-secreting epithelial cells that have been shed
from the lining of the gland and white blood cells (leukocytes)
that have entered the mammary gland in response to injury or
infection. SCC are mainly leukocytes (75 to 98%) and to a less-
er extent epithelial cells (2-25%). Considering that mastitis rep-
resents an inflammatory and infective process, during its on-
set and development, SCC rapidly increase, due to the influx
of neutrophils into the milk. Moreover, aggregation of leuko-
cytes and blood clotting factors in milk can lead to the formation
of clots, fibrin clumps and flakes. These structures can be well
identified through ultrasound examination, as already assessed
in several studies evaluating alterations during clinical masti-
tis, explaining also the significantly higher SCC levels in
quarters having highest echogenicity.

The results of our study suggest the possibility to apply mam-
mary gland cistern ultrasound for the detection of inflammatory
processes and, consequently, high SCC. Obviously, this tech-
nique cannot replace laboratory examination such as micro-
biological culture and PCR. Nonetheless this technique can give
a timely and fast indication on the mammary quarter health
status, representing a possible important instrument in the man-
agement and detection of this widespread disease.

Further studies will focus on the validation of the US Score
through texture examination, analyzing also parenchyma tex-
ture.

CONCLUSION

Mastitis, the inflammation of the mammary gland, represents
one of the pathologies having the highest incidence in dairy cat-
tle farms. Considering its impact both on the economy of the
farm and on the welfare of the animals, a timely diagnosis is
thus fundamental. The aim of this research was to evaluate ul-
trasound examination of the mammary gland cistern as a re-
liable on farm technique able to detect animals having sub-
clinical mastitis. A preliminary ultrasound score has been set
in order to establish an inflammatory grading based on the
echogenicity of the cistern content. Quarters have been divided
into CTR, IMI, SUB and CL based on SCC and microbial cul-
ture. Statistical analysis highlights a significant difference in SCC
means both considering US Score and group. Particularly, in-
creasing values of SCC have been detected rom CTR group to
CL group and in quarters having US Score from 0 to 3. More-
over, also US Score means showed significant increasing val-
ues from CTR group to CL group. Considering the phys-
iopathology of mastitis, these results suggest a possible appli-
cation of ultrasound examination as a fast and immediate de-
tection instrument of mastitis.

Further studies are needed in order to validate and deepen this
technique.
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