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Summary: A 15-year old draft horse mare was presented to the University Clinic for evaluation of lethargy, anorexia, ptyalism, weight loss
and ventral oedema. Clinical examination and rectal palpation revealed generalised lymphadenopathy and numerous firm subcutaneous
and abdominal masses of various  sizes. Transcutaneous ultrasonography revealed significant bilateral pleural fluid accumulation and a
single hypoechoic structure in the abdomen lateral to the liver. Blood analysis showed several abnormalities including a marked leucocy-
tosis with an increased number of segmented neutrophils, atypical lymphocytes and monocytosis, suggestive of leukaemic lymphoma. A
significant hyperproteinaemia with a hypoalbuminemia and a monoclonal gammopathy was identified. At necropsy myriad masses pres-
ented through the whole body. Histology confirmed the suspicion of lymphoma, which was classified as a T-cell rich B-cell multicentric lym-
phoma. This article describes the clinical and pathologic findings of this case of leukaemic lymphoma.
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Introduction

Lymphoma is the most common malignant hematopoietic
neoplasm in the horse (Muñoz et al. 2009, Janvier et al.
2016, Ness 2016), with a reported incidence of between 1%
and 3% of all equine tumours (Janvier et al. 2016, Taintor
and Schleis 2011). Equine lymphoma arises from lymphoid
tissue and is conventionally categorized according to the
distribution of tumour lesions as alimentary, cutaneous, medi-
astinal or multicentric (Schwarz et al. 2012, Ness 2016, Tain-
tor and Schleis 2011). 

Although lymphoma may develop at any age most cases are
reported in horses 4 to 10 years of age (Muñoz et al. 2009,
Taintor and Schleis 2011). The clinical signs are often non-
specific and depend upon the type of tumour and the affected
organ(s) (Janvier et al. 2016, Ness 2016). Paraneoplastic
syndromes are often the earliest detectable evidence of  lym-
phoma and may include generalised pruritus, undulant pyre-
xia, cachexia, hypercalcemia and erythrocytosis (Axiak and
Johnson 2011, Taintor and Schleis 2011). The total white
blood cell count (WBC) is seldom diagnostically helpful since
most cases of equine lymphoma are non-leukaemic (Ness
2016). However, leukaemia is occasionally reported in
advanced cases. (Muñoz et al. 2009, Ness 2016). Leukae-
mia may be primary when the neoplasm originates in the
bone marrow and neoplastic cells are released into the peri-
pheral circulation. Secondary leukaemia occurs when  lym-
phoma has metastasized to the bone marrow producing a
myelophthisic state (Cian et al. 2013, Ness 2016, Taintor
and Schleis 2011). Leukaemia can be classified by the cell of

origin as myeloproliferative or lymphoproliferative, and by
maturation stage as acute (blast cells in the circulation) or
chronic (mature differentiated cells in the circulation). The
presence of neoplastic cells in the circulation can be further
differentiated into leukaemic, subleukaemic and aleukaemic
forms (Muñoz et al. 2009, Schwarz et al. 2012).

This paper provides an extensive description of the clinical
investigation and post mortem examination of an advanced
case of multicentric leukaemic lymphoma in a Belgian draft
horse.  

History

A 15-year-old Belgian draft horse mare was referred to the
University Equine Clinic with progressive signs of lethargy,
anorexia, ptyalism, weight loss and ventral oedema over a
period of approximately two months. Shortly before referral a
blood sample had revealed a marked leukocytosis 
(49.9×109/L; reference range 5.0–10.0×109/L) with a high
monocyte count (17.5×109/L; reference range 
0.0-0.4×109/L), and a hyperproteinemia (117g/L; reference
range 59–80g/L) with a monoclonal gammopathy (65g/L;
reference range 6–19g/L) (Table 1). The horse was treated by
the referring veterinarian at the time with trimethoprim-sulfa-
diazine (5/25mg/kg q24h), meloxicam (0.4mg/kg q24h),
methylprednisolone (0.02mg/kg once only) and dexametha-
sone (0.006mg/kg once only) without significant clinical
improvement.  
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Clinical examination 

On presentation (shortly after transportation) the mare was
excited, sweating and showed severe ptyalism. Body condi-
tion was poor (body condition score 2/9; Henneke et al.
1983). The hair coat was long and dull (Figure 1). Respiratory
rate (20 breaths/minute), heart rate (80bpm) and body tem-
perature (38.5°C) were all elevated. The horse was slightly
dehydrated with increased capillary refill time (3sec), redde-
ned mucous membranes and cold extremities. The nostrils,
lips, ventral chest and abdomen showed marked oedema
(Figure 1). The mucous membranes of the mouth showed
several roughly spherical nodules 1–2cm in diameter. The
conjunctivae were oedematous and a purulent exudate was
present bilaterally. Mucous membranes of the nostrils and the
vagina showed marked crusting. Non-painful lymphadeno-
pathy was present in the sub-mandibular, superficial cervical,
axillary and superficial inguinal lymph nodes. Additionally,
several subcutaneous masses were identified. 

On auscultation of the thorax increased broncho-vesicular
sounds were detected over the dorsal lung field, whilst ven-
trally lung sounds were decreased to absent. Thoracic percus-
sion revealed a dull percussion sound ventral to a horizontal
line at the level of the shoulder joint. 

Advanced multicentric lymphoma in a Belgian Draft Horse mare E. W. Siegers et al.

Rectal palpation revealed many ovoid firm masses with a dia-
meter between 3–8cm within the mesocolon, the cranial
mesentery and on the abdominal wall. No abnormalities of
the small intestines, colon, spleen and left kidney were detec-
ted. 

Based on the history and clinical examination neoplastic dise-
ase was strongly suspected. Further diagnostic procedures,
including thoracic radiography, ultrasonography of thorax
and abdomen, blood analysis and thoracocentesis were per-
formed. A fine needle aspirate (FNA) biopsy was collected
from a swollen cervical lymph node.

Diagnostic imaging

Radiography of the thorax identified fluid accumulation in the
ventral thoracic cavity. The dorsal lung field showed no
abnormalities (Figure 2). Ultrasonography of the thorax reve-
aled hypoechoic fluid accumulation in the ventral thoracic
cavity bilaterally up to the level of the shoulder joint (Figure
3). Ultrasonography of the abdomen revealed normal spleen,
liver and kidney, however a single large hypoechoic intra-
abdominal mass (7×11cm) could be visualized between the
liver and the abdominal wall. No increased volume of abdo-
minal fluid was identified on ultrasound. 

Laboratory examinations 

Blood analysis

A venous blood gas analysis and electrolyte assay showed no
abnormalities apart from increased plasma lactate concen-
tration (3.0mmol/L; reference range 0.7–1.2mmol/L) (Table
1). Significant hyperproteinaemia (103g/L; reference range
52–79g/L) with hypoalbuminemia (21g/L; reference range
26–37g/L)  and a monoclonal gammopathy (58g/L;  refe-
rence range 6–19g/L), were broadly similar to the findings in
the blood sample obtained before referral. A leucocytosis
(24.8×109/L; reference range 4.7–10.0×109/L) due to
increased numbers of segmented neutrophils (13.6×109/L;
reference range 2.3–6.5×109/L), lymphocytes (8.9×109/L;
reference range 1.1–5.1×109/L) and monocytes
(2.2×109/L; reference range 0.5–0.5×109/L)  was repor-

Fig. 1 A 15-year-old Belgian draft horse mare with lymphoma in
a very poor body condition, showing a long uneven and dull hair
coat, oedema of the nostrils and lips, ptyalism, ventral oedema and
a mass (arrow) on the lateral thoracic wall. 

Fig. 2 X-rays of a 15-year old
Belgian draft horse mare with lym-
phoma; to give a clear view the
figure is a composition of six X-
rays (SD views) showing an incre-
ased density in the ventral part of
the thoracic cavity; the silhouette
of the heart (H) is not visible due
to fluid accumulation (most likely)
or a mass; blue arrow=trachea,
red arrows=upper limit of the flu-
id accumulation, yellow arrows=
diaphragm.
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ted, as well as a mild normocytic normochromic anaemia
(0.27 L/L; reference range 0.30–0.43 L/L; Table 1). A blood
smear showed atypical lymphocytes and monocytosis (Figures
4a and 4b). These results are suggestive of leukaemic lym-
phoma. 

Fine needle aspiration (FNA)

Cytological evaluation of smears obtained by fine needle
aspiration from the right superficial cervical lymph node stai-
ned with May Grünwald Giemsa showed many small lympho-
cytes, without any characteristic features of malignancy.

Pleural fluid analysis

Thoracocentesis was carried out under ultrasound guidance.
Approximately 15 litres of slightly turbid, foamy, yellow to
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orange, pleural fluid was released. The fluid had a total
nucleated cell count of 21×109/L (reference <10×109/L);
total protein was 72g/L (reference <25g/L). Cytology sho-
wed many small lymphocytes, some macrophages, neutro-
philic granulocytes and occasional lymphoblasts and active
mesothelial cells. The culture was negative for bacteria, but
species of the yeast Debaryomyces were identified. 

Outcome

Based on the clinical findings and the ancillary diagnostic test
results multicentric lymphoma with secondary leukaemia due
to bone marrow infiltration was strongly suspected in this
case. Considering the severity of the clinical signs and the
grave prognosis, the horse was euthanized after consultation
with the owner.   

 
Table 1      Results of venous blood analyses of the Animal Health Service Deventer (AHS) and the Veterinary Laboratory of Utrecht University 
(UVDL) with 6 days in between samples of a 15-year old Belgian draft horse mare with lymphoma. 

 
Date 20-05-2016 26-05-2016 

Variable (Unit) AHS Ref range UVDL Ref range 

PCV (L/L) 0.34 0.30-0.43 0.27 0.30-0.43 

WBC (109/L) 49.9 5.0-10.0 24.8 4.7-10.0 

Lymphocytes (109/L) 8.0 1.5-6.0 8.9 1.1-5.1 

Banded neutrophils (109/L) 2.5 0.0-0.1 0.0 0.0-1.0 

Segmented neutrophils (109/L) 9.5 1.0-6.2 13.6 2.3-6.5 

Monocytes(109/L) 17.5 0.0-0.4 2.2 0.2-0.5 

Lymphoblasts (109/L) 12.5 - 0.0 <0.0 

Total Protein (g/L) 117 59-80 103 52-79 

Albumin (g/L) 26 28-40 21 26-37 

Alfa-globulin (g/L) 10 5-10 
!1:  1 
!2:   9 

1-7 
3-13 

Beta-globulin (g/L) 17 8-18 
"1:  5 
"2:  8 

4-16 
3-9 

Gamma-globulin (g/L) 65 6-19 58 6-19 

Urea (mmol/L)  2.3 3.5-8.3 

 

Creatinine (µmol/L) 95 70-170 

Gamma-GT (IU/L) 42 8-23 

Bilirubin (µmol/L) 43 9-44 

CK (IU/L) 104 100-400 

LDH (IU/L) 1135 550-1300 

AF (IU/L) 328 95-195 

GLDH (IU/L) 3.4 <21.0 

pH 

 

7.391 7.350-7.450 

pCO2 (ven) (kPa) 5.40 4.7-6.0 

pO2 (ven) (kPa) 4.74  

O2 sat (ven) (%) 67.6  

BE -0.1 -3 - +3 

HCO3
-  (mmol/L) 24.0 20-28 

Lactate (mmol/L) 3.0 0.7-1.2 

Na+(mmol/L) 127 135-150 134 135-150 

K+ (mmol/L) 7.2 # 3.0-5.8 3.5 3.0-5.9 

Cl- (mmol/L) 93 96-107 100 96-107 
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Post mortem examination 

Macroscopic evaluation

The thoracic cavities contained a large amount of yellow-
orange clear fluid whilst in the abdominal cavity it was mildly
increased. Many irregular yellow-pink nodular masses varia-
ble in size from 1 mm diameter to 60×25×5cm in size were
found in the subcutis and the muscles and around blood ves-
sels in the head and neck region and the caudal vena cava,
around the base of the heart, alongside the larynx and the
oesophagus, on the pleura, the peritoneum and the pericar-
dium, and within the mesentery (Figures 5 and 6). Several
veins in the mesentery and the pericardium were congested.   
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Microscopic evaluation

All the masses demonstrated dense sheets of infiltrating round
cells composed of larger neoplastic round cells consistent
with B-lymphocytes, admixed with lesser numbers of normal
small lymphocytes. The neoplastic cells were supported by
small amounts of thin fibrovascular stroma. They had mode-
rate to large, round to oval, occasionally indented nuclei,
sometimes including large nuclei more than twice the diame-

Fig. 3 Ultrasound taken below the level of the shoulder joint, in
the 7th inter costal space of the left side of the thorax of a 15-year
old Belgian draft horse mare with lymphoma; yellow star=consoli-
dated lung tissue, red stars=free anechoic fluid, blue arrow= peri-
cardial diaphragmatic ligament.

Fig. 4a and 4b Blood smears of a 15-year old Belgian draft
horse mare with lymphoma showing atypical lymphocytes, charact-
erised by mildly increased size and an amount of basophilic cyto-
plasm (red arrows), segmented neutrophils (green arrows) and
monocyte (blue arrow) (May Grünwald-Giemsa; 1000×).

Fig. 7 Expansion of the epicardium (asterisk) and multifocal myo-
cardial infiltration by neoplastic round cells in a 15-year old Belgian
draft horse mare with lymphoma (Haematoxilin and Eosin stain, bar
=100 µm)

Fig. 6 Around the base of the heart and along the paraconal
interventricular groove many small nodules are visible in a 15-year
old Belgian draft horse mare with lymphoma; on histology neoplastic
round cells were infiltrating the myocardium.

Fig. 5 Several firm pale to pink, more or less irregular oval mas-
ses, are present in the mesocolon of a 15-year old Belgian draft horse
mare with lymphoma; the veins from the colon wall show congestion.

a

b
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ter of an erythrocyte and coarsely stippled chromatin. Mitotic
figures averaged approximately 2 per high power field (Figure
7). No obvious necrosis, haemorrhage or vascular infiltration
was seen. The oral mucosa presented a multifocal chronic
mild lymphoplasmacytic granulomatous stomatitis which con-
sisted of submucosal infiltration of small to moderate number
of lymphocytes, plasma cells, some macrophage,  a few neu-
trophils and multinucleated giant cells and mild sub-epithelial
oedema. The overlying epithelium showed mild hyperplasia
with multifocal mild intracellular oedema and multifocal mild
neutrophilic and lymphocytic transmigration. The conjuncti-
vae and vulvar mucosa showed mild multifocal lymphoplas-
macytic inflammation. 

Additional immunostaining

Immunohistochemistry was performed on sections from mas-
ses within the pericardium and neck region. CD-3 antibodies
are markers for T-lymphocytes, PAX5 and CD-79-alfa for B-
lymphocytes. The smaller (normal) lymphocytes were CD-3
positive T-cells. The neoplastic cells were negative to CD-3,
PAX5 and CD-79-alpha. These results are diagnostic for  T-
cell rich B-cell lymphoma.  

Discussion

This mare was presented with an advanced stage of multicen-
tric lymphoma.  Multicentric lymphoma is the most common
form in horses, accounting for approximately 40% of lympho-
ma cases (Durham et al. 2013, Ness 2016, Taintor and
Schleis 2011). Multicentric lymphoma is characterised by
widespread involvement of peripheral lymph nodes and a
variety of abdominal, thoracic and other organs (Taintor and
Schleis 2011). Dissemination most likely occurs through the
lymphatic circulation. In this case many organs were affected
including the lymph nodes, pleura, pericardium, mediasti-
num, peritoneum, mesentery, intestines, subcutis, muscles,
the vascular system, mesentery and the larynx and pharynx.
The lungs, spleen and liver were not involved in the disease.  

The clinical signs presented in the mare were likely caused by
the lymphoma masses and by the associated paraneoplastic
syndromes. The lymphadenopathy and pleural effusion lea-
ding to increased heart rate and respiratory rate were proba-
bly caused directly by neoplastic masses. Stomatitis or oral
ulcers have been described as a paraneoplastic condition in
horses with leukaemia (Meyer et al. 2006, Boudreaux et al.
1984). This might have caused the inflammatory changes in
the mucous membranes and the ptyalism in the present case.
The mare in this case showed signs of cancer cachexia, which
is one of the most frequently reported paraneoplastic syndro-
mes in human medicine and is indicative of a poor prognosis
(Axiak and Johnson 2011, Muñoz et al. 2009). The anorexia
and severe weight loss could be attributed to  an increased
resting energy use together with cancer associated inflamma-
tion. Inflammatory mediators can up-regulate pituitary pro-
opiomelanocortin expression, inducing increased amounts of
melanocortins. This mechanism can cause anorexia (Axiak
and Johnson 2011). Pyrexia caused by paraneoplastic
inflammatory mediators such as interleukin-1 (IL-1), IL-6,
TNFa� and interferons is often encountered in  lymphoma
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cases (Axiak and Johnson 2011) and this was present in the
current case.  

In literature both erythrocytosis and anaemia are described in
cases of lymphoma, although anaemia occurs far more com-
monly (Knottenbelt et al. 2015, Muñoz et al. 2009). The ana-
emia is attributed to the destruction of antibody coated
erythrocytes, or to inadequate production of erythrocytes
because of myelophthisis or chronic inflammation, or to blood
loss through intestinal inflammation (Knottenbelt et al. 2015,
Muñoz et al. 2009, Taintor and Schleis 2011). 

The lymphocyte count is rarely increased in horses with lym-
phoma, but when affected horses are leukaemic atypical or
abnormal immature lymphocytes may be identified in periphe-
ral blood (Ness 2016, Taintor and Schleis 2011), together with
neoplastic involvement of the bone marrow (Ness 2016). In
the present case both immature and mature lymphocytes were
found in the peripheral circulation indicative of a combined
acute and chronic stage of lymphocytic leukaemia or a leukae-
mic phase from advanced lymphoma (Muñoz et al. 2009). 

The increased numbers of monocytes found in the first blood
samples could be indicative of an inflammatory response,
myelomonocytic leukaemia or misinterpretation of the white
blood cell differentiation by the laboratory analyser. It is often
difficult to make a differentiation between primary and secon-
dary leukaemia (Cian et al. 2013). Differentiation between
primary lymphoma or primary leukaemia is reliant upon
involvement of peripheral tissue as compared to the involve-
ment of bone marrow. In cases of primary leukaemia the peri-
pheral tissues have lesser involvement. (Muñoz et al. 2009).
Combining the clinical presentation of the horse together with
the histopathology results multicentric lymphoma was the pri-
mary diagnosis. Regrettably the bone marrow was not exami-
ned in the present case and therefore no final conclusion
about the specific form of leukaemia was possible.

The difference in WBC count between laboratory assays taken
6 days apart has been described earlier by de Bruijn et al
(2001). In the latter paper the difference was attributed to
administration of a large dose of corticosteroids (0.2mg/kg
dexamethasone). In the present case only a single low dose of
corticosteroids was administered between the blood samples,
however this might not be enough to cause these major diffe-
rences (49.9×109/L vs 24.8×109/L). Another possible expla-
nation for the wide difference could be that the horse might
have been suffering from an acute leukaemic ‘blast’ crisis
when the first sample was taken, meaning that more than 20%
of the blood cells consist of the blast cell type. A third  proba-
bly less likely explanation might be differences in the laborato-
ry analysis since the two samples were analysed in different
laboratories. The neutrophilia was probably due to tumour
necrosis (Meyer et al. 2006, Taintor and Schleis 2011). 

In both blood samples a monoclonal gammopathy was detec-
ted. In horses this is encountered in some lymphoma and mye-
loma cases (Muñoz et al. 2009, Pusterla et al. 2004). The
neoplastic plasma cells (B-lymphocytes) produce a single
immunoglobulin class, exceeding normal polyclonal immuno-
globulins and resulting in a monoclonal gammopathy. (Axiak
and Johnson 2011, Muñoz et al. 2009 Pusterla et al. 2004). 
Immuno-phenotyping is used to determine the original cell



Pferdeheilkunde 33 (2017 35

type of the tumour. Both B-cell and T-cell lymphoma occur in
low-grade and high-grade forms. There is conflicting eviden-
ce on the frequency of T-cell and B-cell types in lymphoproli-
ferative neoplasia in horses (de Bruijn et al. 2007, Meyer et
al. 2006, Westerman et al. 2014). The lack of a clear stai-
ning with B-lymphocyte markers in the present case could be
due to lack of reactivity of the tissue due to lack of expression
of specific molecules by the tumour cells. This phenomenon
has been reported before in B-cell lymphomas (Meyer et al.
2006). The phenotype of the neoplastic cells confirmed a B-
lymphocytic origin, therefor a T-cell-rich-B-cell-lymphoma
was suggestive in the present case. This is a mixed cell type
lymphoma characterised by a minor population of clonal B-
cells distributed in a background of preponderant polyclonal
T-lymphocytes (Cian et al. 2013, Meyer et al. 2006).

The significance of the Debaryomyces spp. found in the pleu-
ral fluid is not clear, but this yeast is considered to be non-
pathogenic, and is used in the food industry (Breuer and
Harms 2006, Prista et al. 2016). In the present case most
likely it was an incidental contaminant.

A definite diagnosis in lymphoma cases based on pleural 
fluid cytology and abdominal fluid cytology is often not possible
since most lymphomas are not exfoliative (Schmitz and Grab-
ner 2008). Additionally, fine needle aspiration biopsies are
often not conclusive either (Muñoz et al. 2009). To make a
definite diagnosis in the present case histopathologic evalua-
tion of bone marrow aspirates and hollow needle biopsies (Tru-
Cut®) of one of the masses could have been used. Thymidine
kinase (TK) is a cellular enzyme involved in DNA synthesis and
therefore increases when cells are in replicative stages. A study
in horses showed that increases in TK type 1 is indicative of
hematopoietic neoplasia and could be used as a tumour bio-
marker (Larsdotter et al. 2015). However, it has a low sensitivity
(74%) and specificity (14%) at the suggested cut-off value of
2.2U/L (Larsdotter et al. 2015) and therefore this test is not sui-
table as a single marker for lymphoma. It is currently only avai-
lable in some specialised laboratories. Cytochemistry can be
used to classify leukaemia into the myeloid lineage, lymphoid
lineage or the monocytic lineage (Muñoz et al. 2009).  

Several palliative treatment regimens using chemotherapeutic
protocols have been described, but no reported treatment will
stop the progression of the disease and the prognosis
remains grave (Muñoz et al. 2009), therefor treatment was
not attempted in the present case.

In conclusion, the present case was an advanced case of
equine multicentric T-cell-rich B-cell- lymphoma with extensi-
ve metastasis and was presented during a leukaemic phase. 
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