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Abstract

The aim of this report was to describe the clinical-pathological data of a case of clinical mastitisin a 20-day
postpartum Holstein cow who presented udder edema and rupture of the ventral subcutaneous abdominal
vein, and then died. This animal showed an increased volume of the left iliac fossa region, an increase
in the size of the udder, and a marked decrease in milk production. Signs of parenchymal inflammation
were observed during clinical examination. The screened mug test and California Mastitis Test (CMT)
were then performed, and their results were negative. However, Staphylococcus aureus was isolated from
milk and liquid collected by puncture from the ventrolateral region of the abdomen. Signs of bleeding
and dehydration were found through blood counts and serum biochemistry. Soon after dying, the animal
was submitted to necropsy, in which rupture of the mammary vein and intense inflammation with fibrin
deposition and detachment of the subcutaneous tissue were observed. Histological examination revealed
degeneration, diffuse necrosis, and thrombosis with areas of neovascularization associated with fibrin
and cellular debris in the mammary vein.

Keywords: mammary gland, infection, bovine.

Resumo

O objetivo do relato foi descrever os dados clinicos-patolégicos de um caso de mastite clinica em uma
vaca da raca Holandés com 20 dias de puerpério, que apresentou edema de tbere, ruptura da veia
subcutanea ventral abdominal e veio a 6bito. Esse animal apresentou aumento de volume na regidao
da fossa iliaca esquerda, aumento no tamanho do tibere, com acentuada queda na producdo de leite.
Sinais de inflamagao parenquimatosa foram observados durante exame clinico. Entdo, testes da caneca
telada e California Mastitis Test (CMT) foram realizados e seus resultados foram negativos. Foi isolado
Staphylococcus aureus do leite e do liquido colhido por meio de puncao na regiao ventro-lateral do
abdomen. Sinais de hemorragia e desidratagao foram mostrados com a realizacdo de hemograma e
bioquimica sérica. Logo ap6s morret, 0 animal foi submetido a necropsia na qual foi observado ruptura
da veia mamaria, intensa inflamacao com depésito de fibrina e desprendimento do tecido subcutaneo.
Ao exame histolégico, verificou-se degeneracdo, necrose difusa, trombose com areas de neovascularizacao
associadas a fibrina e restos celulares na veia mamaria.

Palavras-chave: glandula mamaria, infec¢ao, bovino.
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Rupture of the mammary vein in a Holstein cow with mastitis and udder edema: case report

Introduction

Mastitis and udder edema are the most important and frequent mammary gland disorders in
milk-producing animals, which cause economic losses to milk producers and the dairy industry
worldwide (Tozzetti et al., 2008; Hogeveen et al., 2011; Paul & Ganguly, 2014; Pereira et al,, 2014;
Saab et al,, 2014; Fogsgaard et al,, 2015).

Mastitisis the inflammation of the mammary gland parenchyma. It is a multifactorial disease
of multiple etiologies (Vliegher et al., 2012), which is classified as clinical mastitis when there are
evident signs of pain, heat, flushing, edema and hardening of the mammary gland, and/or lumps,
pus, or any other changes in milk characteristics (Ebrahimi et al,, 2014; Royster & Wagner, 2015).
Severe cases can present clinical signs such as fever, anorexia, dehydration, septicemia, and death
(Freitasetal,, 2005). Subclinical mastitis shows no apparent changes, but there may be damage to
the parenchyma of the gland and many modifications of milk components, such as fat, protein,
lactose, minerals, electrolytes, and enzymes (Cunha et al., 2008). Microbiological and biochemical
techniques are used to identify the biological agents that cause mastitis (Ebrahimi et al., 2014;
Royster & Wagner, 2015).

Bacteria belonging to the genus Staphylococcus are the predominant causes of mastitis in the
main milk-producing species in Brazil, and Staphylococcus aureus has a higher prevalence than
other species in milk samples from cases of bovine mastitis, both in Brazil and internationally
(Saekietal,, 2012; Bandeira et al., 2013; Castelani et al,, 2013; Jamali et al., 2014; Acosta et al,, 2016).
The disease can be hyperacute, although the subclinical and chronic subclinical forms may also
present clinical episodes (Quinn et al., 2002; Nader Filho et al., 2007).

Udder edema is characterized by excess fluid in intercellular spaces and has multiple causes,
such as circulatory disorders, inheritability, and diet (Schultz, 1978). It occurs in first-calf heifers
or in multiparous cows two to three weeks before calving, persisting for up to three weeks
after calving without complications. It may also become severe and require immediate clinical
intervention (Radostits et al,, 2007). According to Carlsen et al. (1969) and Hemken et al. (1969),
udder edemas can be classified into five levels, ranging from grade 1 (without edema) to grade
5 (with very severe edema). Tucker et al. (1992) presented a different classification with greater
amplitude and more types, ranging from O (no edema) to 10 (severe edema). We have not found
any reports of a mammary vein lesion occurring as a consequence of mastitis or pathological
udder edema in the literature.

This report describes the clinical-pathological and laboratory data of a case of mastitis, udder
edema, rupture of the subcutaneous abdominal vein, and subsequent death of a Holstein cow
treated at the University Veterinary Hospital (HVU) of the School of Veterinary Medicine and
Zootechny (EMVZ) of the Federal University of Tocantins (UFT).

Case report

A multiparous Holstein cow was brought to the HVU-UFT after twenty days of puerperium
with a history of increased volume in the udder (on the 4™ day postpartum) and left iliac fossa
(on the 6™ day postpartum) (Figure 1), and hypogalactia. The animal was managed in well-drained
Mombasa grass (Panicum maximum) paddocks with good hygienic conditions. Milking was
manual, in a room with poor hygiene and without milking management.

The owner reported intramuscular treatment with an intramammary antibiotic suspension
containing 200 mg/kg/day oxytetracycline, 0.01 mg/kg/day flumetasone, and 0.2 mg/kg/day
trichloromethiazide, associated with 0.01 mg/kg/day dexamethasone for two days starting on
the seventh day of puerperium.

The animal underwent clinical examination according to Dirksen et al. (1993). The observed
changes consisted of 10-second capillary refill time (CRT), 15-second skin turgor, severe bilateral
enophthalmos (Figure 2), and tachycardia with 120 heartbeats per minute (bpm) but no arrhythmia,
characterizing 10 to 12% dehydration. The apparent mucous membranes were pale, the mammary
and iliofemoral lymph nodes presented bilateral lymphadenomegaly, the udder was painful at
palpation, temperature was elevated, and there was hyperemia and severe edema with a positive
Godet sign. The left iliac fossa region presented increased volume and fluid in the subcutaneous
space. The screened mug test and the California Mastitis Test (CMT) were both negative.
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Figure 2. Severe enophthalmos and hypopigmented ocular mucosa.

Blood samples were collected to perform a complete blood count, leukogram, and quantification
of the content of total plasma protein (TPP), fibrinogen, urea, and creatinine according to
Kaneco et al. (2008).

The blood count showed severe macrocytic hypochromic anemia with anisocytosis,
polychromasia, and the presence of reticulocytes, and neutrophil leukocytosis with inversion
of the neutrophil/lymphocyte ratio. There was also mild hypoproteinemia and uremia (Table 1).

A composite milk sample of the four quarters was collected in a sterile tube, and fluid from the
subcutaneous tissue of the left iliac fossa region was collected through an aspiration puncture
using a 40x12-gauge needle according to Dirksen et al. (1993). The milk and fluid samples were
subsequently sent to the Laboratory of Hygiene and Public Health of the UFT for culture and
microbiological isolation.

The aspirated secretion was serosanguineous, cloudy, and contained 6.2 g/dL of total proteins,
alarge number of erythrocytes in the sediment, and bacteria. Growth of S. aureus was seen both
in the milk sample and in the edema liquid.

Seventy-five liters of serosanguinous transudate were drained from the left iliac fossa region
(Figure 3) through the insertion of a 12 mm silicone tubular drain using the technique described
by Chaffin (1998).

Atreatment based on 10% enrofloxacin (1 mL/40 kg, IM, SID), 2% meloxicam (2.5mL/100 kg, IM, SID),
blood transfusion, and replacement and maintenance fluid therapy with Ringer's lactate and
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Table 1. Blood count results and serum biochemistry of a Holstein cow with clinical mastitis, udder edema, and rupture of the mammary vein.

Blood count Hemat. Leuk. Hb Ht MCWV? MCHC?
5-10x108/uL 4.1-12x10°/uL, 8-14g/dl 26-42% 40-60f1 30-36%
173 147 37 14 81 26
Basophils Eosinophils Segmented Band neutrophils Lymphocytes Monocytes
Leukogram 0x103/uL 0.1-1.5x10%/uLL neutrophils 0-0.19 x10%/uL 3-7.5x10%/uL 0.1-1.5x10%/uLL
1.5-5x10%/uL.
00 01 78 04 53 08
Serum biochemistr Urea Creatinine TPP Fibrinogen
Y 20-30mg/dL 1-2.0mg/dL 6.7-7.5g/dL 200 - 500mg/dL
76 09 64 200

*MCV = mean corpuscular volume; MCHC = mean corpuscular hemoglobin concentration; TPP = mean total plasma protein. Source: Jain (1993).

Figure 3. Serosanguineous transudate after drainage of the region around the mammary gland.

glucose solution was immediately started. Despite the suspicion of hemorrhage and the surgical
urgency, the clinical situation worsened quickly and the animal died before surgery.

Necropsy revealed about four liters of serosanguineous fluid between the subcutaneous tissue
and the abdominal wall of the mammary gland, with fibrin clots next to a clot weighing three
kilograms, which was associated with the rupture and thrombosis of the ventral subcutaneous
abdominal vein (Figure 4). Fragments of the main organs were collected, fixed in 10% formalin
solution, processed for histopathological evaluation, and treated with hematoxylin and eosin (H&E)
stain. Microscopic examination of the mammary gland showed moderate to severe degeneration,
diffuse necrosis, and thrombosis with areas of neovascularization, fibrin, and cellular debris.

Discussion

The diagnosis of clinical mastitis with udder edema and rupture of the ventral subcutaneous
abdominal mammary vein was based on epidemiological data and clinical history associated
with necropsy and histological lesions (Fonseca, 2000; Marcal, 2006; Radostits et al., 2007;
McGavin, 2009).

Edema formed in the udder may worsen and predispose the udder to trauma, injury, and
lesions of the mammary gland and adjacent structures, as well as deterioration of suspensory
ligaments and tissues (Vestweber & Al-Ani, 1983), which may cause complications and progress
to agalactia (Prabhakar et al., 1991). This occurred in the present case, where the edema caused
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Figure 4. Clots in the mammary gland and rupture of the mammary vein.

by mammary gland inflammation led to relaxation of the udder suspensory ligaments, agalactia,
and rupture of the ventral subcutaneous abdominal mammary vein. Bacterial infection can
cause reduced venous blood flow and endothelial damage with thrombosis (McGavin, 2009),
and when it occurs in a large vein it can cause venous hypertension, passive congestion with
edema, and pain in the affected structure (McGuirk et al,, 1993). Schmid et al. (2011) mentioned
five cases of rupture of the ventral subcutaneous abdominal mammary vein in cows treated at
the Zurich Veterinary Hospital. Four of these cows underwent surgical correction immediately
after diagnosis and were cured, so only one cow died due to delayed treatment. All of the cows
mentioned in that study had suffered some trauma with pointed materials that caused the
rupture of the mammary vein, which differed from the present report, in which the farmer did
not report any trauma, insect bite, or intravenous drug application. In this case, the development
of clinical mastitis and the edema formed were the causes of the rupture. No reports of similar
cases caused by clinical mastitis exist in the literature. Even though it is not possible to establish
the chronological order of pathophysiological events in this case, the processes described above
could explain the rupture of the ventral subcutaneous abdominal mammary vein, extensive
edema, and anemia caused by hemorrhage.

In cases where there is a mammary venous lesion, especially in highly milk-producing cows,
itisnecessary to stop the bleeding quickly due to there being large-caliber vessels irrigating the
mammary gland, damage to which canlead to great blood loss in a short period of time. The animal
should thus be diagnosed and operated on as soon as possible. All of the cows mentioned by
Schmid et al. (2011) suffered skin, subcutaneous tissue, and vein damage, and therefore the
extravasation of blood was visible. These cases thus differed from the present report, wherein
the cow did not present skin and subcutaneous lesions and the extravasation of blood was
subcutaneous and concentrated in the left iliac fossa region and in the udder. This increased the
udder size/weight even more and made the correct diagnosis difficult.

The CMT and screened mug test are considered tests of medium specificity and sensitivity
(Brito et al.,, 1997; Ribeiro et al., 2003), so a negative result does not exclude mastitis, since
epidemiological and histopathological findings and the clinical signs confirmed the mammary gland
inflammation. In addition, tests may be influenced by different factors, such as the infectiousness
of the pathogen (Reis et al,, 2011), period of the year, breed, lactation stage, production volume,
number of lactations, and nutritional problems (Sharma et al., 2011). Staphylococcus aureus is
one of the main etiological agents of subclinical, chronic, or clinical mastitis, and sometimes
causes gangrenous cases that can lead to the death of the animal. It lives in the udder, upper
and lower urogenital tract, and upper respiratory tract of animals, and also on the milker's hands;
this bacterium was also isolated in the milk samples and in the serosanguinous fluid collected
herein. This microorganism has been frequently identified in mammary quarters as causing
mastitis in the immediate postpartum period, especially where correct hygiene practices are
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not carried out during milking and in highly contaminated environments (Radostits et al., 2007;
Saeki et al,, 2012; Bandeira et al,, 2013; Castelani et al.,, 2013; Jamali et al., 2014; Acosta et al., 2016).
S. aureus is among the most important Staphylococcus species that causes mastitis. It produces
many virulence factors, such as enterotoxins, coagulase, hemolysin, hyaluronidase, leucocidins,
and alpha, beta, and delta toxins, which may be involved in varying degrees of inflammation
ranging from subclinical to gangrenous mastitis in postpartum cows (Radostits et al., 2007,
Ladeira, 2007; Acosta et al,, 2016; Morcuende, 2016). In the present study, it was reported that
the proper disinfection of the milking room and quarters was not performed before milking,
which probably led to the introduction of bacteria into the parenchyma, causing inflammation
and affecting the animal’s vital signs.

Hematologic changes reveal acute and severe regenerative anemia, with severe losses of whole
blood and partial reuse of substrates. This was confirmed later in the reported case, as the animal had
internal or cavitary hemorrhaging (Meyer et al., 1995; Lopes et al,, 2007). The leukogram suggested
an inflammatory/infectious non-acute process, since there was no increased fibrinogenemia
and/or nuclear left-shifted neutrophils (Kaneco et al,, 2008; Radostits et al., 2007). This may be
because S. aureus can cause long-term infections that tend to become chronic, with low cure
rates and great milk production losses (Sabour et al., 2004).

The liquid drained from the animal was a characteristic septic exudate. This corroborates
the results of Lopes et al. (2007), who described contents of several colors, including red, in
similar cases with total protein higher than 3 g/dL, the presence of bacterial agents, and also
erythrocytes due to the diffuse or local inflammatory/infectious reaction that led to increased
vascular permeability and vein rupture (De May, 1996; Meyer & Harvey, 1998).

Both the treatments attempted at the farm and at the HVU in this case agreed with the
literature (Carlsen et al,, 1969; Mitchell et al., 1976; Vestweber & Al-Ani, 1983; Janeski et al., 1988;
Marcal, 1991; Gilbert & Schwark, 1992; Radostits et al., 2007), although the response was not
satisfactory. Although the sensitivity of S. aureus to antimicrobial substances is quite variable,
Oliveira et al. (2011) reported that this bacterium is 93.3% sensitive to enrofloxacin. In contrast,
cure rates rarely exceed 50% and infections generally persist throughout the cow’s lifetime
(Radostits et al., 2007).

In addition to the diagnosis of mastitis and the presence of extensive edema, clinical and
hematological signs led to the suspicion of a hemorrhagic condition, which in postpartum
cows usually occurs due to lacerations in the birth canal, retained placenta, uterine inversion,
coagulation disorders, and uterine atony (Anderson & Etches, 2007). Necropsy confirmed the
hemorrhagic condition of the animal being due to rupture of the mammary vein, which has not
previously been reported as a complication of clinical mastitis or pathological edema in cows.

Mastitis caused by S. aureus may occasionally progress to hyperacute mastitis with gangrene,
which usually occurs at the beginning of lactation. Disease onset is abrupt, with high fever,
profound prostration, and anorexia. The affected quarter is initially inflamed, painful, and has
an altered color. Subsequently, it presents gangrenous and necrotic areas produced by venous
thrombosis, with local edema and congestion of the udder that progresses to tissue necrosis
(Morcuende, 2016). These findings are similar to the case described in this report.

Histological examination showed signs of thrombosis, which may be formed by endothelial
lesions from vascular inflammation caused by infectious agents, including bacteria, leading to
circulatory disorders, such as venous hypertension, infarction or passive congestion, emboli,
edema, and pain, which form conducive media for bacterial development (McGuirk et al., 1993;
Mosier, 2009). Blood channels within the thrombus (channeled thrombus) were also observed
under microscopy, representing an attempt by the organism to restore circulation (De May, 1996;
Meyer & Harvey, 1998), which confirms the occurrence of mastitis in this case.

Conclusion

As the lesion reported herein is not well-described in the literature and manifested severe
signs that caused the patient's death due to large vein lesions and extensive blood loss, this
report is extremely important to bovine medicine. It also provides more information on possible
complications in cases of mastitis with parenchymatous inflammation and severe edema, such
as the involvement (laceration) of the suspensory ligaments of the udder due to the excess
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weight present in these cases, which can result in detachment of the mammary gland with vessel
rupture. The vascular lesions then formed (showing inflammation, degeneration, and increased
permeability) can lead to the rupture of the vessels that are part of or around the udder.
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