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A 10-year-old female goat was presented to the clinic with lethargy, emaciation, and pale

mucous membranes. Laboratory diagnosis revealed severe anemia with regenerative

character as well as melena. Blood transfusions were administered, but the animal’s

condition continued to deteriorate, so it was euthanized. The main finding in the necropsy

was an abomasal neoplasia with two metastases in the mesenterium which was positive

for vimentin, but negative for smooth muscle actin and c-kit using immunohistochemistry,

indicating a fibrosarcoma that might have contributed to gastrointestinal blood loss.

Further pathological findings consisted of changes in the liver cells as well as a cervical

leiomyoma. These findings illustrate that intestinal blood loss due to neoplasia should

also be considered in older goats with anemia.

Keywords: hematocrit, melena, blood transfusion, leiomyoma, blood loss, neoplasia, small ruminants

INTRODUCTION

Anemia is a common condition in small ruminants presented to the veterinary clinic, mainly caused
by endoparasites, especially Haemonchus contortus (1). However, there are many other causes that
can lead to anemia in goats. These include blood loss, hemolysis, or a decreased production of red
blood cells (2). Blood loss can be caused by trauma such as dog bites, but also by bleeding wounds
after castration or dehorning (2). Gastric ulcers, which can lead to gastrointestinal bleeding, have
so far only been described very rarely in goats (3, 4). Anemia caused by haemonchosis can also
be assigned as anemia due to blood loss. Since blood loss per adult worm can be up to 50 µL of
blood per day, dramatic blood loss can occur in the event of a severe worm infestation (5). Worm
management is therefore of great importance in small ruminant husbandry. Besides an adequate
pasture management and the use of anthelmintics, there is also natural resistance to Haemonchus
contortus in some animals (1, 6). Another endoparasite that is often associated with anemia in
small ruminants is Fasciola hepatica that causes blood losses by tissue damage to the liver (7–10).
In addition to endoparasites, severe infestation with ectoparasites such as lice or ticks can also
lead to anemia (11, 12). Ticks also play a role, primarily as a vector for different pathogens. Some
vector-borne diseases are hemoparasites for example Anaplasma ovis, Babesia spp., orMycoplasma
ovis, leading to lysis of red blood cells (13–16). Hemolysis can also result from the ingestion of
large amounts of water, where the erythrocytes of goats generally have a higher osmotic resistance
than those of sheep (17, 18). In sheep, hemolysis is also frequently observed in connection with
copper poisoning, which can also occur in goats, which are less susceptible to it (19–22). Not only
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the oversupply, but also deficiencies of trace elements or vitamins
can lead to anemic conditions in small ruminants, for example,
as a consequence of iron (23, 24), copper (25, 26) or cobalamin
(27) deficiencies. In those cases, the animals develop non-
regenerative anemia due to a decreased production of red blood
cells. In contrast, anemia caused by blood loss or hemolysis
is characterized by increased erythropoiesis (23). Furthermore,
neoplasms can be associated with anemia, there are reports that
goats suffering from myelofibrosis (28), melanoma (29, 30) or
thymoma (31) also revealed anemia.

This case report presents the clinical, laboratory, pathological
and histological findings of a rare abomasal fibrosarcoma
associated with severe regenerative anemia in a goat.

CASE DESCRIPTION

On 6/28/2021 (day 0), a 10-year-old German fawn goat,
a traditional German goat breed, was presented to the
Clinic for Swine, Small Ruminants, Forensic Medicine and
Ambulatory Service, University of Veterinary Medicine
Hannover, Foundation, Hannover, Germany. The goat came
from a small herd of four female goats and three female sheep.
The animals grazed in a landscape conservation area adjacent
to a forest; a mineral supplement was provided. Vaccinations
did not take place in this herd; worm treatments had been
administered regularly in the past. The last routine deworming
had taken place in April 2021 with fenbendazole. The owners
of the goat reported that the animal had shown lethargy since
the beginning of May. A week prior to admission to the clinic,
the owners had also noticed emaciation and weakness. Three
days before admission to the clinic, the goat had been pretreated
with an antibiotic and fenbendazole by the local veterinarian.
Thereby, the veterinarian had noticed a solid circumferential
mass in the area of the right paralumbar fossa.

Clinical Examination
During the clinical examination in the clinic, the goat was
apathetic in sternal recumbency and was unable to keep its head
up independently. The animal tried to stand up several times,
but repeatedly collapsed. The animal was in a severely emaciated
state, the protuberances of the spine and ribs were easily
palpable. Bodyweight was 59.5 kg, rectal temperature 39.2◦C.
The conjunctival mucous membranes were white [FAMACHA©-
score of 5 (32, 33)], indicating severe anemia. The episcleral
vessels were slightly filled. Auscultation of the heart revealed
tachycardia (heart rate of 144 beats/min). The heart sounds were
regular but poorly separated, there were no secondary murmurs.
Auscultation of the lungs revealed a weak inspiratory sound over
the entire lung field and tachypnea (respiratory rate of 96/min).
The goat’s rumen was filled and fluctuating, two contractions of
the rumen could be auscultated in 2min in the left paralumbar
fossa. In the right paralumbar fossa, an intra-abdominal slightly
movable solid mass of about 15 cm was palpable. Palpation
of the lymph nodes (Lnn. mandibulares, Lnn. parotidei, Lnn.
retropharyngei, Lnn. cervicalis superficiales, Lnn. subiliaci) did
not reveal any deviations from the norm. The skin of the goat
was dry and scaly without macroscopic evidence of ectoparasites.

FIGURE 1 | Ultrasound examination of the mass in the right paralumbar fossa.

The mass was demarcated to the liver (not shown in the picture) and

contained individual cavities.

The udder of the animal was asymmetrical, the left half of the
udder was slightly larger than the right half of the udder and
of coarse consistency, no secrete could be milked. Palpation of
the limbs did not reveal any abnormalities. The mass in the
right paralumbar fossa was further examined by ultrasound,
it was well-demarcated against the liver, the major part was
hyperechogenic with single anechogenic cavities (Figure 1).

Laboratory Results
Blood samples (EDTA, Monovette 9mL K3E, Lithium-Heparin,
Monovette 9mL LH and serum, Monovette 9mL Z; all from
Sarstedt AG & Co. KG, Nümbrecht, Germany) were taken from
the jugular vein of the animal. A fecal sample was collected from
the floor immediately after defecation. Blood and fecal samples
were processed in the clinic’s laboratory using the previously
described routine methods (34). A detailed overview of the
results of hematology and biochemistry is provided in Table 1.

The hematological examination of the initial blood
sample revealed severe anemia with a PCV (packed cell
volume) of 0.06 L/L, but also reticulocytes and nucleated red
blood cells, indication of a regenerative character. Further
leucocytosis, lymphopenia, granulocytosis, and monocytosis
were present. Additionally, a decreased numbers of platelets
indicated thrombocytopenia. However, as some aggregated
platelet were also detected in the blood smear, values must
be interpreted carefully. Erythrocytes in the blood smear
showed severe anisocytosis, polychromasia, and poikilocytosis.
Furthermore, some erythrocytes revealed basophilic stippling.
Plasma activity for GLDH (Glutamate dehydrogenase) was
increased. Additionally, hypoproteinemia, hypoalbuminemia,
hyperglycemia, hyperbilirubinemia, azotemia, hypocalcemia,
hypomagnesemia, hyponatremia, and decreased iron levels were
also observed in the plasma.
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TABLE 1 | Hematology and biochemistry of the goat.

Parameter Unit References day 0 day 1 day 3

Hemoglobin g/L 90–121 21 32 28

PCV L/L 0.24–0.35 0.06 0.09 0.08

MCHC g/L 320–380 350 356 350

Platelets G/L 350–650# 33 72 92

Leucocytes G/L 7.8–19.6 20.8 23.1 20.1

Lymphocytes G/L 3.5–11.9 3.2 1.9 2.3

PMN G/L 2.6–9.9 16.1 20.3 15.6

Band neutrophils G/L 0.2 0.2 1.7

Eosinophils G/L 0–0.7 0.2 0.4 0.3

Basophils G/L 0–0.3 0.2 0 0

Monocytes G/L 0–0.5 0.8 0.4 0.2

Reticulocytes ‰ 147 95 70

Anisocytosis +++ +++ +++

Polychromasia ++ ++ +++

Poikilocytosis ++ ++ +++

CK U/L 96–268 105 89

ASAT U/L 66–135 51 70

GLDH U/L 3.1–19.8 75 16

AP U/L 31–1,941 113 107

GGT U/L 26–63 42

Protein (total) g/L 59–82 56.8 50.8

Albumin g/L 29–40 24.8 26.2

Glucose mmol/L 2.3–3.6 8.9

Bilirubin (total) µmol/L 0.4–2.2 5.4 2.5

Creatinine µmol/L 39–67 76 61

Urea mmol/L 2.8–7.2 16.1 13

Calcium mmol/L 2.2–2.7 1.9 1.5

Magnesium mmol/L 0.9–1.4 0.7 0.5

Phosphate mmol/L 1.2–2.9 1.7 1.7

Sodium mmol/L 147–157 143.4 138.8

Potassium mmol/L 4.0–5.8 4.5 4.4

Iron µmol/L 11.6–38.1 9.2 4.6

Copper µmol/L 7.0–24* 16.5

Selenium µg/L 80–500* 119.3

Reference values according to (35), except for platelets# (36) or for copper* and selenium* (37).

In the fecal sample of the animal, a low infestation with
coccidia as well as gastrointestinal nematodes were detected after
applying the sedimentation and flotation method with saturated
sodium chloride solution. A test for melena (34) was positive.

Treatment and Further Development
A venous catheter was inserted in the goat’s jugular vein.
Due to leucocytosis and the animal’s very poor general
condition, 10 mg/kg bodyweight (BW) amoxicillin (Amoxisel-
Trockensubstanz 100 mg/mL, Selectavet Dr. Otto Fischer
GmbH, Weyarn/Holzolling, Germany) and 0.27 mg/kg BW
dexamethasone (Dexamethason 4 mg/mL, Bela-Pharm GmbH
& Co. KG, Vechta, Germany) were administered intravenously.
Due to calcium deficiency, 10mL of a calcium solution was
administered systemically (Calcitat N25, aniMedica GmbH,

Senden-Bösensell, Germany). Additionally, 20mL of an energy-
containing nutrient containing Sodium propionate (Ceto
Phyton R©, Vetoquinol, Lure, France) was administered orally.

Due to the life-threatening anemia, a blood transfusion was
administered through the venous catheter in the jugular vein.
For this purpose, 500mL of whole blood was collected from
the jugular vein of a healthy donor animal and transferred
into a blood bag (Single Blood bag-CPDA1-500 mL-16G
needle, Fioniavet, Fredericia, Denmark). The first few mL of
the blood donation were administered very quickly to detect
possible side effects; since no side effects were obvious after
10min, the remaining blood donation was administered over
a period of about 2 h. After the blood transfusion, the goat’s
condition improved significantly, the animal stood up and started
eating hay.
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On the following day (day 1), the animal was less apathetic
than at the initial examination, could stand on its own and
lift its head. The conjunctives showed a slightly red coloration.
Auscultation of the lungs and heart showed similar findings as
the previous day (respiratory rate: 92/min; heart rate: 140/min),
the body temperature of the animal was 38.9◦C. Since there was
only a slight increase in PCV from 0.06 L/L to 0.09 L/L (Table 1),
a second blood transfusion with 500mL whole blood was
performed. As gastrointestinal nematodes had been previously
detected in the fecal sample, deworming was performed by
administering 0.4 mg/kg BW moxidectin (Cydectin 0.1%, Zoetis
Deutschland GmbH, Berlin, Germany) orally. Deworming was
performed only after the second blood transfusion in order
to stabilize the animal first by the blood transfusion, since
deworming represents an additional stress in very emaciated and
anemic animals.

The treatment with amoxicillin and propionate was continued
on the following days. Both were administered twice daily, in
the morning and in the evening. In addition, infusions with 1L
electrolyte solution (Sterofundin ISO B. BraunVet Care, B. Braun
Melsungen AG,Melsungen, Germany) were administered at days
2 and 3.

Blood parameters were checked again at day 3 (Table 1).
Hematology showed a PCV of only 0.08 L/L, which had
not increased despite the second blood transfusion at day
1. Leucocytosis, lymphopenia, and granulocytosis were still
present. This blood sample also revealed an increased level
of band neutrophils. Hyocalcemia and hypomagenemia had
worsened compared to the first blood sample. Hypoproteinemia,
hypoalbuminemia, and hyperbilirubinemia were also still present
in the plasma of the goat. In addition, hyponatremia had
occurred. The test for melena was also repeated at day 3 and
revealed a positive result again.

Due to the still very low PCV, another blood transfusion was
performed at day 4. Blood from another donor goat was used
and instead of 500mL, only ∼300mL blood was transfused. For
a better assessment of the prognosis of the animal, radiographs of
the thorax and abdomen were taken to detect possible metastases
of the presumed neoplasia in the abdomen. Clear evidence of
metastases could not be found, but the structures in the abdomen
were not well-demarcated. Since the animal had not eaten since
the previous day and it was recumbent again, the goat was
euthanized due to the poor prognosis. A necropsy was performed
at the Institute for Pathology, University of Veterinary Medicine
Hannover, Foundation.

Gross Pathology
At necropsy, the animal was in a bad nutritional condition.
The subcutis was diffusely edematous. In the pericardium of
the animal, 200mL of a clear, light pink, serous, free fluid
was visualized and 1L of serosanguineous, free fluid with
fibrin admixtures was found in the abdominal cavity. The
pylorus of the abomasum showed a multinodular, cavernous
proliferation of 45 x 50 x 40 cm in dimension and multiple
adhering duodenal loops, extending from the pyloric wall into
the adjacent mesentery (Figure 2A). However, there was no
evidence of alterations to the pyloric mucosa. Caverns inside the

FIGURE 2 | (A,B) Abomasal fibrosarcoma from a goat. (A) Fibrosarcoma in

toto with adjacent mesenterium and mesenterial metastasis (arrow). (B)

Fibrosarcoma – cross section, showing multiple internal caverns (*) filled with

large quantities of seorsanguinous fluids and fibrin accumulations during

necropsy.

proliferation were filled with large amounts of serosanguineous
fluid and fibrin accumulations (Figure 2B). Two additional
round masses measuring up to 3.5 x 4 x 3 cm were found in
the neighboring mesenterium at a distance of 10 cm to the main
mass. Additionally, multiple nodular, cavernous proliferations
of up to 4 x 3 x 1 cm in size were found on the cervix,
protruding into the uterine lumen. Further macroscopic findings
included a mild to moderate, acute congestive hyperemia of
the liver and a moderate, diffuse, acute, alveolar edema of
the lungs.

Histopathological Evaluation
Histological examination of the abomasal proliferation revealed
a highly expansive growing, encapsulated, spindle-cell neoplasm.
The tumor infiltrated into the tunica muscularis from the
serosal side and most likely originated from either subserosal,
supraserosal or intermuscular stromal tissue. Neoplastic cells
were arranged in unorganized bundles and streams supported
by moderate amounts of fibrovascular stroma (Figure 3A). The
medium sized neoplastic cells were composed of moderate
amounts of eosinophilic foamy cytoplasm and indistinct cell
boarders. They contained an oval to elongated, medium sized,
slightly excentrically located, finley stippled nucleus. Cells were
characterized by severe anisokaryosis and anisocytosis, and a
mitotic rate of up to two mitoses per high power field was
observed (Figure 3B). The tumor showed multifocal extensive
areas of necrosis, with associated cavern formation, hemorrhages
and, moderate, histiocytic-neutrophilic, resorptive inflammation.
The presence of multiple mitotic figures as well as large
areas of necrosis were indicative for a malignancy of the
neoplasia. Immunohistochemical staining was performed to
determine the cell population of origin. Neoplastic cells in
the abomasal mass stained positively for vimentin (Figure 3C,
a marker of mesenchymal cells) and negative for smooth
muscle actin (SMA, Figure 3D, a marker of smooth muscle
tissue) as well as tyrosinkinase KIT (KIT, a marker for
cells of gastrointestinal stromal tumors, data not shown) and
cluster of differentiation 31 (CD31, a marker for endothelial
cells, data not shown). This phenotypical characterization
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FIGURE 3 | (A–D) Microscopic aspects of an abomasal fibrosarcoma from a

goat. (A) Hematoxylin and eosin staining showing an intact mucosal layer (M)

and bundles and streams of neoplastic spindle-cells (*) infiltrating into the

tunica muscularis (inlet); (B) neoplastic cells showing anisokaryosis and

anisocytosis (arrowhead) as well as mitotic figures (arrow); (C) highly positive

immunohistochemical detection of vimentin in neoplastic cells,

immunoreactivity was especially prominent in the cytoplasm of neoplastic cells

(arrowheads); (D) lack of immunohistochemical detection of smooth muscle

actin (SMA) in tumor cells, SMA was detected only in the tumor associated

vasculature (*); (A) images taken at 10x (overview) and 50x (inlet)

magnification, scalebars indicating 500µm and 200µm respectively; (B–D)

images taken at 200x magnification, scalebar indicating 20µm.

of the tumor cells as well as its histopathological features
including mitotic figures and necrosis indicated the presence
of a fibrosarcoma. The same staining was observed in the
adjacent mesenteric masses indicating metastatic spread of the
abomasal neoplasia.

The uterine cervix proliferation consisted of a well-
differentiated spindle cell proliferation with mild anisokaryosis
and anisocytosis, multiple areas of highly variable cell density,
which were stained positive for SMA and negative for c-Kit
and vimentin and were therefore diagnosed as leiomyoma.
The liver showed a centrolobular hepatocellular atrophy
and necrosis. Additionally, histological findings included a
moderate diffuse vacuolization of hepatocytes interpreted
as hepatic lipidosis. Furthermore, a periportal, multifocal,
moderate-grade, lymphoplasmacytic hepatitis as well as a
mild, multifocal, lymphocytic meningitis of the cerebral cortex
were detected.

DISCUSSION

To the authors’ knowledge, this is the first description of severe
anemia in a goat and an associated abomasal fibrosarcoma.
Fibrosarcomas, malignant tumors of the connective tissue, are
characterized by proliferation of fibroblasts. Most fibrosarcomas
are observed subcutaneously and cause different symptoms

depending on their location (38). A retrospective study published
by Löhr in 2013 analyzed data of 1,146 caprine necropsy or
biopsy specimens submitted from 1987 through 2011 to the
Veterinary Diagnostic Laboratory at Oregon State University,
USA (39). In this former study, 100 (8.7%) goats were diagnosed
with a total of 102 tumor lesions, of which only two were
fibrosarcomas. A 40-year survey carried out by Bastianello et
al. did not record any fibrosarcoma in goats (40). A single
case report of a fibrosarcoma in the gastrointestinal tract of
goats was published by Pesato et al. (41). They described a
fibrosarcoma in the rumen of a 9-year-oldmale dwarf goat, which
had developed metastases in the liver. However, the abomasum
was not affected in this case. This animal was also anemic,
but in contrast to the goat in the present case study, was of
a non-regenerative character (41). Other abomasal neoplasias
in goats are described by Valedre et al. (42) and Smith et al.
(43). Valedre et al. found neoplasias associated with rumen,
omasum, and abomasum in two Spanish Ibex. In contrast to the
fibrosarcoma described in the present case, the tumors in these
cases were positive for KIT and identified as a gastrointestinal
stromal tumor (42). Smith et al. found a hamartoma in the pyloric
region of an 18-month-old La Mancha wether (43). Similar to
the goat in our case, this animal was also described as lethargic
and anorectic.

Several other abomasal neoplasia are described for cattle,
deer or camelids. In cattle, abomasal tumors are often
lymphosarcomas; in 41 per cent of the animals suffering from
lymphosarcoma the abomasum was affected (44). In addition,
there are reports of abomasal harmatomas, adenomas or
adenocarcinomas in cattle (45–47). Abomasal adenocarcinomas
have also been described in other species, including elk,
guanaco or Arabian camel (48–50). In 2018, Tharwat et al.
described the case of a 15-year-old female Arabian camel
suffering from an omaso-abomasal adenocarcinoma that was
also associated with anorexia and severe anemia, with a PCV
of 0.075 L/L similar to the goat described in the present case
study (50).

Gastric neoplasia are also frequently associated with anemia
in other species. In a study of 24 horses with different gastric
neoplasia, Taylor et al. found anemia in 37% of the animals,
and concluded that gastric neoplasia should be considered as
a differential diagnosis in acute internal hemorrhages (51).
Although most of the horses in this former study had squamous
cell carcinoma, none with fibrosarcoma, there is also evidence
that fibrosarcoma may also be associated with anemia. In 38
human cases of inflammatory fibrosarcoma, in 31 of these
mesentery was located and retroperitoneum anemia was reported
in 21 of the cases (52). According to Willard, anemia associated
with gastrointestinal neoplasia in dogs and cats can be caused
by bleeding due to ulceration, or, in chronic cases by iron
deficiency (53). In the present goat, both factors seem to play a
role. On the one hand, there was blood loss due to the tumor,
indicated by the presence of multifocal acute hemorrhages inside
its stroma; on the other hand, the iron deficiency indicates a
chronic condition. As no signs of damage to the pyloric mucosa
were found during the pathological examination of the animal,
the observed melena are probably the result of microlesions
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triggered by an increased consumption of coagulation factors,
which would be supported by the thrombocytopenia. The
presence of reticulocytes also shows that the character of the
anemia was regenerative. The extremely low PCV combined with
the presence of melena therefore suggests intestinal blood loss
secondary to the abomasal fibrosarcoma. Other causes for anemia
seem unlikely in this goat despite the fact that H. contortus
involvement cannot be completely ruled out due to the low level
of gastrointestinal nematodes in the fecal sample. However, this
seems unlikely since affected animals typically exhibit massive
fecal excretion of Haemonchus eggs. In addition, there was
no evidence of liver fluke, hemoparasites or hemolysis. The
animal’s copper and selenium supply were within the normal
range. The role of cobalamin remains unclear, since this was
not determined.

The congestive hyperemia observed in the liver as well
as the centrolobular, hepatocellular atrophy and necrosis, in
conjunction with the serous effusions observed in the abdomen
and pericardium, indicate an increase in portal blood pressure
caused by the neoplasia. The periportal, lymphoplasmacytic
hepatitis and the low-grade, multifocal, lymphocytic meningitis
are most likely inflammatory processes of unclear origin,
which are independent of each other and of the neoplastic
process. The clinical relevance for the present case cannot
be conclusively assessed. The increased activity of GLDH as
well as the hyperproteinemia and hypoalbuminemia could
be associated with disintegration of liver cells. However, it
remains unclear why there was a subsequent decrease in
GLDH (Table 1: day 3). This could possibly be explained
by dilution due to the blood transfusion. Furthermore,
the damage to liver cells appears to be limited, as the
activities of the liver-specific enzymes ASAT and GGT were
not increased.

The leiomyoma detected in the cervix in this case seems to
be an independent neoplastic process and was not linked to the
present disease of the goat. Cervical leiomyomas occur regularly
in older female goats (54).

CONCLUSION

In older goats with dysfunction of the abomasum, abomasal
fibrosarcoma should also be considered as a differential diagnosis.
Gastrointestinal tumors may also lead to anemia due to
large intestinal blood losses. Clinical indications may include
emaciation, apathy, pale mucous membranes, and the presence
of melena.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article, further inquiries can be directed to the
corresponding author.

ETHICS STATEMENT

Ethical review and approval was not required for the animal study
because all data used for this study were collected during clinical
treatment and pathological examination and were obtained
to diagnose the clinical case. Written informed consent was
obtained from the owners for the participation of their animals
in this study.

AUTHOR CONTRIBUTIONS

MW and MS diagnosed and treated the clinical case. GB and
WB performed the pathological and histological examination.
AP and TG performed the clinical laboratory tests. MW wrote
the manuscript. GB provided the description, figures, and
discussion of pathology and histology. MS provided the clinical
case description. The study was designed by MW and GB and
supervised by MG and WB. All authors read and approved the
final manuscript.

FUNDING

This Open Access publication was funded by the
Deutsche Forschungsgemeinschaft (DFG, German Research
Foundation) within the programme LE 824/10-1 Open Access
Publication Costs and University of Veterinary Medicine
Hannover, Foundation.

ACKNOWLEDGMENTS

The authors would like to thank Hendrik Lösing and Tobias
Nolte for their support in the clinical diagnosis and treatment
of the animal; Tanja Bode, Klaus Schlotter, Thorsten Waßmann,
Petra Grünig, Julia Baskas, and Caorline Schütz for their
competent technical support. Our thanks also go to the rest
of the clinical and laboratory staff for their professional
support. The authors also gratefully acknowledge the help of
Frances Sherwood-Brock, English Editorial office, University
of Veterinary Medicine Hannover, Foundation, Germany, for
proofreading the manuscript for correct English.

REFERENCES

1. Arsenopoulos KV, Fthenakis GC, Katsarou EI, Papadopoulos E.

Haemonchosis: a challenging parasitic infection of sheep and goats. Animals.

(2021) 11:363. doi: 10.3390/ani11020363

2. Navarre CB. Anemia in goats other than haemonchosis. In; Large Animal

Proceedings of the North American Veterinary Conference, vol 21, Orlando,

Florida, USA (2007). Available online at: https://search.ebscohost.com/

login.aspx?direct=true&db=lbh&AN=20073166523&lang=de&site=eds-live

(accessed February 3, 2022).

3. Hernández Molina MA, Pinto Rojas LP, Prada Sanmiguel GA. Cutaneous

fistula secondary to an abomasum ulcer in the goat: a case report. Rev de Med

Vet. (2020) 39:99–108. doi: 10.19052/mv.vol1.iss39.10

4. Hund A, Wittek T. Abomasal and third compartment ulcers in ruminants

and South American camelids. Vet Clin N Am Food Anim Pract. (2018)

34:35–54. doi: 10.1016/j.cvfa.2017.10.003

Frontiers in Veterinary Science | www.frontiersin.org 6 April 2022 | Volume 9 | Article 869017

https://doi.org/10.3390/ani11020363
https://search.ebscohost.com/login.aspx?direct=true&db=lbh&AN=20073166523&lang=de&site=eds-live
https://search.ebscohost.com/login.aspx?direct=true&db=lbh&AN=20073166523&lang=de&site=eds-live
https://doi.org/10.19052/mv.vol1.iss39.10
https://doi.org/10.1016/j.cvfa.2017.10.003
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Wagener et al. Abomasal Fibrosarcoma Goat

5. Clark CH, Kiesel GK, Goby CH. Measurements of blood loss caused by

haemonchus contortus infection in sheep. Am J Vet Res. (1962) 23:977–80.

6. Saddiqi HA, Jabbar A, Sarwar M, Iqbal Z, Muhammad G,

Nisa M, et al. Small ruminant resistance against gastrointestinal

nematodes: a case of haemonchus contortus. Parasitol Res. (2011)

109:1483–500. doi: 10.1007/s00436-011-2576-0

7. Lotfollahzadeh S, Mohri M, Bahadori SR, Dezfouly MRM, Tajik

P. The Relationship between normocytic, hypochromic anaemia

and iron concentration together with hepatic enzyme activities

in cattle infected with Fasciola hepatica. J Helminthol. (2008)

82:85–8. doi: 10.1017/S0022149X07874232

8. Sinclair KB. Observations on the clinical pathology of ovine fascioliasis. British

Vet J. (1962) 118:37–53. doi: 10.1016/S0007-1935(17)43201-5

9. Gemma Z, Terry WS, Travis B. Current status for controlling the overlooked

caprine fasciolosis. Animals. (2021) 11:1819. doi: 10.3390/ani11061819

10. Kahl A, von Samson-Himmelstjerna G, Krücken J, Ganter M. Chronic

wasting due to liver and rumen flukes in sheep. Animals. (2021)

11:549. doi: 10.3390/ani11020549

11. Katsogiannou E, Athanasiou L, Christodoulopoulos G, Polizopoulou Z.

Diagnostic approach of anemia in ruminants. J Hell Vet Medical Soc. (2018)

69:1033–46. doi: 10.12681/jhvms.18866

12. Ajith Y, Dimri U, Singh SK, Gopalakrishnan A, Devi G, Verma MR, et

al. Lice induced immuno-oxidative wreckage of goats. Vet Parasitol. (2017)

242:24–30. doi: 10.1016/j.vetpar.2017.05.019

13. Stuen S. Haemoparasites in small ruminants in European

countries: challenges and clinical relevance. Small Rum Res. (2016)

142:22–7. doi: 10.1016/j.smallrumres.2016.03.005

14. Stuen S. Haemoparasites—challenging and wasting infections in small

ruminants: a review. Animals. (2020) 10:2179. doi: 10.3390/ani10112179

15. Cabezas-Cruz A, Gallois M, Fontugne M, Allain E, Denoual M, Moutailler S,

et al. Epidemiology and genetic diversity of anaplasma ovis in goats in Corsica,

France. Parasit Vectors. (2019) 12:3. doi: 10.1186/s13071-018-3269-7

16. Ganter M, Bickhardt K, Kaup FJ. Eperythrozoonosis in sheep. Tierärztliche

Praxis. (1993) 21:117–23.

17. Middleton JR, Katz L, Angelos JA, Tyler JW. Hemolysis associated

with water administration using a nipple bottle for human

infants in juvenile pygmy goats. J Vet Intern Med. (1997)

11:382–4. doi: 10.1111/j.1939-1676.1997.tb00486.x

18. Oyewale JO. Osmotic fragility of erythrocytes of west African dwarf sheep

and goats: effects of temperature and Ph. Br Vet J. (1991) 147:163–

70. doi: 10.1016/0007-1935(91)90107-X

19. Bozynski CC, Evans TJ, Kim DY, Johnson GC, Hughes-Hanks JM,

Mitchell WJ, et al. Copper toxicosis with hemolysis and hemoglobinuric

nephrosis in three adult boer goats. J Vet Diagn Invest. (2009) 21:395–

400. doi: 10.1177/104063870902100319

20. Belford C, Raven C, Black H. Chronic copper poisoning in angora kids. N Z

Vet J. (1989) 37:152–4. doi: 10.1080/00480169.1989.35592

21. Buck WB, Sharma RM. Copper toxicity in sheep. Iowa State Univ Vet.

(1969) 31:4–8.

22. Guitart R, Croubels S, Caloni F, Sachana M, Davanzo F, Vandenbroucke V,

et al. Animal poisoning in Europe. Part 1: farm livestock and poultry. Vet J.

(2010) 183:249–54. doi: 10.1016/j.tvjl.2009.03.002

23. Johns J, Heller M. Hematologic conditions of small ruminants. Vet Clin

North Am Food Anim Pract. (2021) 37:183–97. doi: 10.1016/j.cvfa.2020.

10.004

24. Bassett JM, Borrett RA, Hanson C, Parsons R, Wolfensohn SE. Anaemia

in housed newborn lambs. Vet Rec. (1995) 136:137–40. doi: 10.1136/vr.

136.6.137

25. Draksler D, Núñez M, Apella MC, Agüero G, González S. Copper deficiency

in creole goat kids. Reprod Nutr Dev. (2002) 42:243–9. doi: 10.1051/rnd:

2002022

26. Frank A, Danielsson R, Jones B. Experimental copper and chromium

deficiency and additional molybdenum supplementation in goats. II

concentrations of trace and minor elements in liver, kidneys and ribs:

haematology and clinical chemistry. Sci Total Environm. (2000) 249:143–

70. doi: 10.1016/S0048-9697(99)00518-5

27. Mgongo FOK, Gombe S, Ogaa JS. Thyroid status in cobalt and vitamin B12

deficiency in goats. Vet Rec. (1981) 109:51–3. doi: 10.1136/vr.109.3.51

28. Cain G, East N, Moore PF. Myelofibrosis in young pygmy goats. Comp

Haematol Int. (1994) 4:167–72. doi: 10.1007/BF00798359

29. Fazili MR, Darzi MM, Buchoo BA, Bhattacharyya HK, Bhat AH.Melanoma of

foot in two local goats of kashmir-a case report. Vet Arh. (2013) 83:105–13.

30. Ramadan R, El Hassan A, El Deen MT. Malignant melanoma

in goats: a clinico-pathological study. J Comp Pathol. (1988)

98:237–46. doi: 10.1016/0021-9975(88)90022-9

31. Braun U, Warislohner S, Gerspach C, Ohlerth S, Wanninger S, Borel

N. Clinical, sonographic and pathological findings in a saanen goat with

mediastinal thymoma. Schweizer Archiv für Tierheilkunde. (2017) 159:185–

8. doi: 10.17236/sat00111

32. Van Wyk JA, Bath GF. The famacha system for managing haemonchosis in

sheep and goats by clinically identifying individual animals for treatment. Vet

Res. (2002) 33:509–29. doi: 10.1051/vetres:2002036

33. Bath GF, Malan F, Van Wyk J. The “FAMACHA” Ovine Anaemia Guide to

assist with the control of haemonchosis. In: Proceedings of the 7th Annual

Congress of the Livestock Health and Production Group of the South African

Veterinary Association. Port Elizabeth, South Africa (1996).

34. Wagener MG, Grimm LM, Ganter M. Anaemia in a llama (Lama glama):

treatment, regeneration and differential diagnoses. Vet. Rec Case Rep. (2018)

6:e000638. doi: 10.1136/vetreccr-2018-000638

35. Tschuor AC, Riond B, Braun U, Lutz H. Hämatologische Und Klinisch-

Chemische Referenzwerte Für Adulte Ziegen Und Schafe. Schweiz Arch

Tierheilkd. (2008) 150:287-95. doi: 10.1024/0036-7281.150.6.287

36. Mischke R. Hämostase“. In: Kraft W, Dürr UM, editors. Klinische

Labordiagnostik in der Tiermedizin, 6th ed. Stuttgart: Schattauer (2005).

37. Puls R.Mineral Levels in Animal Health: Diagnostik Data. 2nd ed. Clearbrook,

Canada: Sherpa International (1994).

38. Schoiswohl J, Lambacher B, Klang A, Krametter-Frötscher R. Dermal

fibrosarcoma in a cashmere goat. Tierärztliche Praxis. (2019) 47:192–

5. doi: 10.1055/a-0858-0545

39. Löhr C. One hundred two tumors in 100 goats (1987–2011).Vet Pathol. (2013)

50:668–75. doi: 10.1177/0300985812471544

40. Bastianello SS. A Survey on neoplasia in domestic species over a 40-year

period from 1935 to 1974 in the republic of South Africa. I tumours occurring

in Cattle. Onderstepoort J Vet Res. (1982) 49:195–204.

41. Pesato ME, Boyle AG, Fecteau M-E, Hamberg A, Smith BI. Gastrointestinal

spindle cell tumor of the rumen with metastasis to the liver in a goat. J Vet

Diagn Invest. (2018) 30:451–4. doi: 10.1177/1040638718759732

42. Velarde R, Mentaberre G, Sánchez J, Marco I, Lavín S. Kit-positive

gastrointestinal stromal tumours in two spanish ibex (Capra Pyrenaica

Hispanica). Vet J. (2008) 177:445–7. doi: 10.1016/j.tvjl.2007.06.013

43. Smith J, Klostermann C, Harm T, Breuer R, Kovalik DA, Bornkamp J, et

al. Abomasal hamartoma in a la mancha wether. Vet Rec Case Rep. (2017)

5:e000515. doi: 10.1136/vetreccr-2017-000515

44. Bertone AL. Neoplasms of the bovine gastrointestinal tract. Vet Clin

North Am Food Anim Pract. (1990) 6:515–24. doi: 10.1016/S0749-0720(15)

30876-8

45. Yamaguchi M, Machida N, Mitsumori K, Nishimura M, Ito Y. Smooth muscle

hamartoma of the abomasum in a Calf. J Comp Pathol. (2004) 130:66–

9. doi: 10.1016/S0021-9975(03)00067-7

46. Lucena R, Rissi D, Kommers G, Pierezan F, Oliveira-Filho J, Macêdo J, et al. A

retrospective study of 586 tumours in Brazilian cattle. J Comp Pathol. (2011)

145:20–4. doi: 10.1016/j.jcpa.2010.11.002

47. Shortridge E, Cordes D. Neoplasms in cattle: a survey of 372 neoplasms

examined at the ruakura veterinary diagnostic station. N Z Vet J. (1971)

19:5–11. doi: 10.1080/00480169.1971.33920

48. Duncan C, Powers J, Davis T, Spraker T. Abomasal and uterine

adenocarcinomas with ovarian metastasis in a captive Elk

(Cervus Elaphus Nelsoni). J Vet Diag Invest. (2007) 19:560–

3. doi: 10.1177/104063870701900518

49. Effron M, Griner L, Benirschke K. Nature and rate of neoplasia found in

captive wild mammals, birds, and reptiles at necropsy. J Natl Cancer Inst.

(1977) 59:185–98. doi: 10.1093/jnci/59.1.185

50. Tharwat M, El-Shafaey E-S, Sadan M, Ali A, Al-Sobayil F,

Al-Hawas A. Omaso-abomasal adenocarcinoma in a female

arabian camel (Camelus Dromedarius). J Appl Anim Res. (2018)

46:1268–71. doi: 10.1080/09712119.2018.1495644

Frontiers in Veterinary Science | www.frontiersin.org 7 April 2022 | Volume 9 | Article 869017

https://doi.org/10.1007/s00436-011-2576-0
https://doi.org/10.1017/S0022149X07874232
https://doi.org/10.1016/S0007-1935(17)43201-5
https://doi.org/10.3390/ani11061819
https://doi.org/10.3390/ani11020549
https://doi.org/10.12681/jhvms.18866
https://doi.org/10.1016/j.vetpar.2017.05.019
https://doi.org/10.1016/j.smallrumres.2016.03.005
https://doi.org/10.3390/ani10112179
https://doi.org/10.1186/s13071-018-3269-7
https://doi.org/10.1111/j.1939-1676.1997.tb00486.x
https://doi.org/10.1016/0007-1935(91)90107-X
https://doi.org/10.1177/104063870902100319
https://doi.org/10.1080/00480169.1989.35592
https://doi.org/10.1016/j.tvjl.2009.03.002
https://doi.org/10.1016/j.cvfa.2020.10.004
https://doi.org/10.1136/vr.136.6.137
https://doi.org/10.1051/rnd:2002022
https://doi.org/10.1016/S0048-9697(99)00518-5
https://doi.org/10.1136/vr.109.3.51
https://doi.org/10.1007/BF00798359
https://doi.org/10.1016/0021-9975(88)90022-9
https://doi.org/10.17236/sat00111
https://doi.org/10.1051/vetres:2002036
https://doi.org/10.1136/vetreccr-2018-000638
https://doi.org/10.1024/0036-7281.150.6.287
https://doi.org/10.1055/a-0858-0545
https://doi.org/10.1177/0300985812471544
https://doi.org/10.1177/1040638718759732
https://doi.org/10.1016/j.tvjl.2007.06.013
https://doi.org/10.1136/vetreccr-2017-000515
https://doi.org/10.1016/S0749-0720(15)30876-8
https://doi.org/10.1016/S0021-9975(03)00067-7
https://doi.org/10.1016/j.jcpa.2010.11.002
https://doi.org/10.1080/00480169.1971.33920
https://doi.org/10.1177/104063870701900518
https://doi.org/10.1093/jnci/59.1.185
https://doi.org/10.1080/09712119.2018.1495644
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Wagener et al. Abomasal Fibrosarcoma Goat

51. Taylor S, Haldorson G, Vaughan B, Pusterla N. Gastric neoplasia in horses. J

Vet Int Med. (2009) 23:1097–102. doi: 10.1111/j.1939-1676.2009.0356.x

52. Meis JM, Enzinger FM. Inflammatory fibrosarcoma of the mesentery and

retroperitoneum. A tumor closely simulating inflammatory pseudotumor.Am

J Surg pathol. (1991) 15:1146–56. doi: 10.1097/00000478-199112000-00005

53. Willard MD. Alimentary neoplasia in geriatric dogs and cats. Vet Clin North

Am Small Anim Pract. (2012) 42:693–706. doi: 10.1016/j.cvsm.2012.04.006

54. Linton JK, Heller MC, Bender SJ, Stefanovski D, Fecteau M-E. Neoplasia of

the tubular genital tract in 42 Goats. J Am Vet Med Assoc. (2020) 256:808–

13. doi: 10.2460/javma.256.7.808

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Wagener, Beythien, Sterneberg, Polifka, Großmann, Baumgärtner

and Ganter. This is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction in

other forums is permitted, provided the original author(s) and the copyright owner(s)

are credited and that the original publication in this journal is cited, in accordance

with accepted academic practice. No use, distribution or reproduction is permitted

which does not comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org 8 April 2022 | Volume 9 | Article 869017

https://doi.org/10.1111/j.1939-1676.2009.0356.x
https://doi.org/10.1097/00000478-199112000-00005
https://doi.org/10.1016/j.cvsm.2012.04.006
https://doi.org/10.2460/javma.256.7.808
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Case Report: Severe Anemia Associated With an Abomasal Fibrosarcoma in a Goat
	Introduction
	Case Description
	Clinical Examination
	Laboratory Results
	Treatment and Further Development
	Gross Pathology
	Histopathological Evaluation

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


