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Case Report Rapport de cas

An atypical presentation of multi-systemic B-cell ymphoma in a horse

Albert Torrent, Isabelle Kilcoyne, Amanda Johnson, Verena K. Affolter, Emily Berryhill, Monica Aleman

Abstract — This report describes an unusual presentation of multicentric B-cell lymphoma with central and
peripheral nerve involvement in a horse that was presented with acute onset, severe, multiple limb lameness, and
muscle atrophy. This case highlights the importance of including neoplasia in the differential list in horses presenting
for severe limb lameness associated with muscle atrophy, muscle fasciculations, and weakness.

Résumé — Présentation atypique d’un lymphome a cellules B multisystémique chez un cheval. Ce rapport
décrit la présentation inhabituelle d’'un lymphome a cellules B multicentrique avec une implication du nerf central
et périphérique chez un cheval qui avait été présenté avec une boiterie aigué et grave de plusieurs membres et de
Iatrophie musculaire. Ce cas souligne 'importance d’inclure la néoplasie dans la liste des diagnostics différentiels
des chevaux présentés pour une boiterie grave d’'un membre associée a I'atrophie musculaire, aux fasciculations

musculaires et a la faiblesse.

Can Vet ] 2019;60:300-304

L ameness is one of the most prevalent veterinary complaints
in the horse and is caused by trauma, congenital or acquired
disorders, infections, metabolic disorders, or nervous and
circulatory system disease. This report describes clinical and
pathologic findings in a horse with acute onset left front and left
hind limb lameness, an atypical gait, and mild muscle atrophy
over the quadriceps region caused by a multicentric B-cell lym-
phoma. Upon treatment with corticosteroids and antibiotics, the
attitude of the horse improved initially, but it continued to be
severely lame. The horse developed pneumonia and died 1 mo
after treatment. At necropsy the severe lameness was attributed
to the neoplastic B-cell infiltrates of the dorsal nerve roots of
the left sciatic nerve and to a lesser extent the ventral nerve
roots at the level of the 7th cervical vertebra forming a poorly
demarcated extradural mass.

Case description
A 20-year-old, 455-kg Quarter Horse gelding was presented to
the William R. Pritchard Veterinary Medical Teaching Hospital
of the University of California—Davis with a history of severe
acute onset left hind limb lameness, suggestive of a long bone/
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appendicular fracture. The owner noticed a left-sided trembling
during a barrel racing competition a week before presentation
as well as left-sided muscle fasciculations and left hind lameness
following moderate exercise 3 d before presentation. The horse
also had mild obtundation. Due to progression of the lameness
over the next 3 d, the attending veterinarian referred the horse
for a possible left hind limb fracture. There was no recent history
of trauma or injury, the horse was up-to-date on vaccinations
and had been de-wormed 3 mo previously.

On admission, the horse was bright and alert, with an
adequate body condition score of 4/9 and no evidence of
external trauma. The initial physical examination showed
mild tachycardia (52 beats/min) and tachypnea (24 breaths/
min), but the remainder of the examination was unremarkable.
On the lateral aspect of the left front hoof there was a hoof
crack extending 3 cm distally from the coronary band. Muscle
atrophy was noticed in the cervical region, more pronounced
on the left side of the neck, together with mild atrophy of the
left quadriceps musculature. The horse was grade 4/5 lame on
the left front limb and left hind limb. Although he was able to
bear weight on both limbs, he had an unstable left carpus —
characterized by knuckling. In addition, he collapsed in his left
stifle and hock (Video Clip S1 available on request from the
corresponding author).

An orthopedic examination revealed no response to hoof
testers in the left front limb or pain elicited on palpation of the
quarter crack. An abaxial sesamoid nerve block did not signifi-
cantly change the lameness. No pain was elicited on palpation
of the soft tissue and boney structures. Radiographs of the left
elbow and left stifle showed no evidence of boney abnormali-
ties. No lesions were identified on ultrasound examination of
the left pelvis, and a rectal examination was unremarkable. On
standing cervical spine radiographs a mild osteoarthritis of the
C6-7 cervical facet joint was noted.
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A complete blood (cell) count (CBC) revealed a normal
white blood cell count [6.4 X 10° cells/pL; reference range
(RR): 5 to 11.6 X 10° cells/pL] with a mild lymphope-
nia (1.5 X 103 cells/pL; RR: 1.6 to 5.8 X 10% cells/pL).
Biochemistry analysis identified a mild hyperglycemia
(6.6 mmol/L; RR: 2.8 to 5.9 mmol/L), hyperproteinemia
(81 g/L; RR: 58 to 77 g/L) characterized by a hyperglobulinemia
(51 g/L; RR: 16 to 50 g/L), mildly elevated creatine kinase (CK,
495 TU/L; RR: 119 to 287 IU/L), mild hypertriglyceridemia
(0.46 mmol/L; RR: 0.02 to 0.50 mmol/L), and mild hyperbili-
rubinemia (77.0 pmol/L; RR: 8.6 to 39.3 pmol/L).

Based on the aforementioned findings, with presence of
significant gait abnormalities despite normal radiographic and
ultrasound images, the list of differential diagnoses consisted of
neurologic diseases rather than orthopedic, and included multi-
focal spinal cord trauma, myelitis with predominance of lower
motor neuron involvement (infectious and non-infectious),
equine motor neuron disease (EMND), equine protozoal myelo-
encephalitis, West Nile virus, and neoplasia.

The patient was medicated with flunixin meglumine
(Intervet, Madison, New Jersey, USA), 0.5 mg/kg body weight
(BW) 1V, q12h, and morphine sulfate (Westward, Cherry Hill,
New Jersey, USA), 0.1 mg/kg BW, IM, q12h, to reduce possible
inflammation and pain, and was placed on stall rest. The horse
remained recumbent frequently for prolonged periods of time.
It was able to rise without assistance, but with some difficulty
such as prolonged time to rise and increased fasciculations. The
gelding maintained a good appetite, adequate gastrointestinal
borborygmi in all 4 quadrants, and urination and defecation
appeared normal during hospitalization.

A neurologic examination was performed by a Board-certified
neurologist (MA) 2 d later during hospitalization; the findings
included mild obtundation and normal cranial nerve responses,
reactions, and reflexes. Segmental spinal reflexes, including
cervicofacial, cutaneous trunci, anal and perineal, were within
normal limits. Flexor (withdrawal) reflexes were reduced in all
limbs especially in the left hind limb. Cutaneous sensation, tail
and anal tone were normal. Proprioceptive deficits were observed
in all limbs. Upon gait evaluation, tetraparesis, and weakness of
all limbs were noticed, with hind limbs being more affected than
front limbs; the left hind limb was most severely affected and
had a dropped stifle and hock in the walk as well as a reduced
toe extension (Video Clip S1). The horse had mild to moderate
multifocal to diffuse asymmetrical muscle atrophy of cervical,
thoraco-lumbar, gluteal, and limb muscles; the latter were most
prominent on the left hind limb. Generalized muscle fascicula-
tions predominantly in the left triceps muscle, were apparent
standing at rest. The findings indicated multifocal processes in
the central and peripheral nervous systems, with predominant
lower motor neuron involvement, and left femoral and sciatic
nerve deficits.

An equine protozoal myeloencephalopathy (EPM) indirect
immunofluorescent antibody (IFA) blood test for Sarcocystis
neurona had a titer of 80 and was negative for Neospora hughesii.
An IgM antibody capture enzyme-linked immunosorbent assay
(ELISA) blood test for West Nile virus (WNV) was negative.
Although not suspected based on neuroanatomical localization
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(unlikely distribution and clinical signs), a nasal swab was tested
by polymerase chain reaction (PCR) for EHV-1; the result was
negative.

Cytology of cerebrospinal fluid (CSF) obtained from the
lumbosacral space revealed xanthochromic fluid with a total
nucleated cell count of 28 cells/nL, which included 2% neu-
trophils, 60% small mononuclear cells, and 38% large mono-
nuclear cells based on a 100-cell count. Protein in the CSF was
elevated at 3.7 g/L (RR: 0.2 to 0.8 g/L). An IFA on CSF was
negative for both S. neurona and N. hughesii. Although muscle
atrophy was presumed to be of neurogenic origin, presenting
clinical signs made EMND less likely, and muscle biopsies to
further explore this assumption were offered, but declined due
to financial constraints.

In the absence of a specific diagnosis, the horse was started on
broad-spectrum oral antibiotics (trimethoprim-sulfamethoxazole;
Aurobindo Pharma, Dayton, New Jersey, USA), 30 mg/kg
BW, PO, ql2h, and supportive neuroprotective and anti-
inflammatory treatments, which included a-tocopherol (Stuart
Products, Bedford, Texas, USA), 10 IU/kg BW, PO, q24h,
dimethyl sulfoxide (DMSO; Valhoma Corporation, Tulsa,
Oklahoma, USA), 1 mg/kg BW, 1V, q12h for 2 d, and phenyl-
butazone (MW1, Boise, Idaho, USA), 2.2 mg/kg BW, IV, q12h.
Based on the negative EPM result, a single high dose of dexa-
methasone (MWI, Boise, Idaho, USA), 0.088 mg/kg BW, IM
was administered, followed by a tapering dose in order to reduce
nervous system inflammatory response. After initiation of therapy
the attitude of the horse improved substantially over a period of
4 d, but he continued to display a markedly altered gait.

The horse was discharged from the hospital 4 d after pre-
sentation due to financial constraints of the owner and the
owner’s preference to continue the treatment at home. Discharge
instructions included: administration of phenylbutazone
(MWTI), 2.2 mg/kg BW, PO, q24h for 7 d, trimethoprim-
sulfamethoxazole (Aurobindo Pharma), 30 mg/kg BW, PO,
ql12h for 7 d, and dexamethasone (MWI), 0.06 mg/kg BW,
IM q24h for 3 d, followed by 0.04 mg/kg BW, IM, q24h for
4 more days.

At the follow-up examination 1 wk after discharge, the horse
showed significant improvement of his demeanor and gait.
Although muscle atrophy was still apparent, the horse was walk-
ing much more comfortably. At this stage the treatment with
dexamethasone (MWI) was discontinued and the phenylbuta-
zone (MWI) and trimethoprim sulfamethoxazole (Aurobindo
Pharma) were continued for 5 more days.

Three weeks later the horse was referred to the VMTH again
because of worsening of his condition. He had been found down
in the stall by his owner that afternoon with difficulty breathing.
Upon arrival at the clinic the horse was found dead in the trailer.

Gross and histopathologic examination revealed multicen-
tric B-cell lymphoma in numerous organs and body systems,
including the intestinal tract, the central and peripheral nervous
system, and the heart. Grossly, the duodenum, jejunum, and
less severely the cecum and colonic mucosa were disrupted by
numerous black to purple variably ulcerated nodules, overlain
with small amounts of yellow fibrinous material. Mesenteric
lymph nodes were variably enlarged. Two raised, dark red
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Figure 1. Neoplastic lymphocytes infiltrating the dorsal nerve
root at the level of the 7th cervical vertebra.

nodules were identified on the heart, one was adjacent to the
left ventricular papillary muscle and another was expanding the
septal leaflet of the aortic valve. Duodenum, jejunum, cecum,
colon, mesenteric lymph node, heart, left sciatic nerve, meninges
of the cerebrum, cerebellum, and midbrain, as well as the cervi-
cal spinal cord (C5, C6, C7) were variably infiltrated by a mono-
morphic population of round cells (Figure 1). Intermediate-sized
nuclei and a small to moderate amount of cytoplasm suggested a
neoplastic population of lymphoid origin. The cells consistently
had strong positive membranous immunoreactivity for CD20,
but were negative for CD3 (Figure 2). These CD20 positive
neoplastic B-lymphocytes were identified in the meninges of
the cerebrum, cerebellum, midbrain, and spinal cord as well
as dorsal nerve roots and to a lesser extent the ventral nerve
roots at the level of the 7th cervical vertebra (Figure 2). A
poorly demarcated extradural mass of neoplastic B-cells was
noted at the level of the 7th cervical vertebra (ventral and
lateral). Admixed with the dense B-cell population there were
dispersed small CD3+ T-cells, interpreted as a reactive T-cell
population.

Discussion

This case report describes an unusual presentation of multicen-
tric B-cell lymphoma with central and peripheral nerve involve-
ment in a horse that was presented with acute onset of severe
unilateral multiple limb lameness consistent with a fractured
limb and muscle atrophy that have not been previously described
in the horse. The horse was referred for assessment of acute onset
left hind limb lameness with suspicion of bone fracture and
required an exhaustive examination to diagnose neoplasia as the
primary cause. On evaluation, a multiple limb gait abnormality
was confirmed, together with mild atrophy of the left quadriceps
musculature. No boney abnormalities were observed in radio-
graphs or on ultrasound examinations. Thorough anamnesis
and physical examination, combined with full hematological
and serum biochemistry, and an abaxial sesamoid nerve block
were pursued to eliminate possible systemic disease or pain as
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Figure 2. Numerous CD20 positive neoplastic B-lymphocytes
surround and infiltrate the nerve root. Admixed with the tumor cell
population are dispersed CD3 positive reactive T-lymphocytes.

the cause of the tremors observed in the left front limb. Once
these causes were deemed unlikely, neurologic diseases were con-
sidered. The presence of an altered mental status (mild obtun-
dation) in the absence of other systemic pathologic findings
(such as EPM or EHV-1) and lack of significant improvement
despite administration of analgesic drugs, suggested a possible
multifocal neurologic component (central and peripheral) with
predominant lower motor neuron involvement, and left femoral
and sciatic deficits. The abnormal gait, tetraparesis, weakness
(knuckling/collapse) upon weight-bearing, muscle fasciculations/
tremor and muscle atrophy were all consistent with lower motor
neuron (LMN) paresis. Most common causes of lameness such
as trauma, compressive injury, EPM, EMND, and vertebral
disease were already discarded, but neoplasia was still a possibil-
ity. Neoplasia can cause nerve damage through compression or
infiltration (1). Although uncommonly reported, lymphoma
is the most common neoplasia that can affect nerves in horses.
In 1970, Bruere et al (2) described a subtle “shifting lameness”
with no obvious external pathological changes caused by lym-
phoma involving the bone marrow. Neurolymphomatosis is a
rare manifestation of lymphoma characterized by neoplastic
infiltration of cranial and spinal nerves, and nerve roots (3—4).

Lymphoma is the most common hematopoietic neoplasm
encountered in horses (5) and can occur at any age (6). The lym-
phoma can be classified into multicentric, generalized, alimen-
tary or intestinal, splenic, mediastinal, thymic, and cutaneous
(6). Lymphoma arises from lymphoid tissue that includes lymph
nodes, spleen, and GI tract-associated lymphoid tissue (5,7,8).
Multicentric lymphoma is the most common form and consists
of widespread involvement of lymph nodes, most likely through
distribution of neoplastic lymphocytes via lymphatic circulation
(5). Other locations include the liver, kidney, bone marrow (leu-
kemic lymphoma), the upper airway and lungs, heart, adrenal
glands, retro-orbital, skeletal muscle, and central nervous system
(brain, meninges, spinal cord) (9—17). Metastasis can occur to
other organs (6). When lymphoid tissue other than lymph nodes
is involved, the lymphoma is classified as generalized, and is
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considered end-stage (6). Current literature describes lymphoma
as a cause of neurologic alterations, lameness, osteolysis, and
pathologic fractures (18-25). On 2 surveys of postmortem
examinations, prevalence of lymphoma in the horse was esti-
mated to be 2% to 5% (26,27). Zeman et al (25) described a
case of multicentric lymphoma with involvement of vertebral
bone that resulted in hind limb paresis. A recent report found
that lymphoma was amongst the most common malignant
neoplasms in older horses, with none of the 19 affected animals
having secondary nervous system disease (28). In another study,
only 2% of 203 horses with lymphoma examined at necropsy
had dissemination to the central nervous system, and none were
presented with signs of primary peripheral nerve involvement
(29). However, peripheral nerve involvement was documented
in multicentric and central nervous system lymphoma in the
horse (30-31). Infiltration of peripheral nerves with neoplastic
lymphoid cells (neurolymphomartosis) causing chronic unilat-
eral hind limb lameness was described in another 2 horses by
Lehmbecker (3), and primary peripheral nerve lymphoma was
also described recently in another horse (23). In a case report
by Adolf et al (30), the clinical signs included severe unilateral
thoracic limb lameness with marked muscle atrophy and severe
pain. In another case report a horse was also presented with
unilateral hind limb gait abnormality at the walk, with normal
cranial nerve responses, weakness in all 4 limbs, intermittent
muscle fasciculations, and increased recumbency times (23).
The degree of pain observed in 1 of these horses prompted
euthanasia, but pain was not observed in our horse. Histologic
examination in those 2 horses revealed lymphocytic infiltration
of thoracic nerves (proximal radial nerve and ventral branch of
the 8th cervical spinal nerve in one horse, and both brachial
plexi in the second one). The latter also had dense perineural
and endoneural infiltrates with different size lymphocytes in
both sciatic nerves. It is unknown whether painless neuropathy
may reflect an earlier stage in the disease course (23) and poten-
tially, infiltrating cells dissecting into and around nerve fibers
and bundles could explain the initiation of neuropathic pain.

Unfortunately, clinical signs of lymphoma for most affected
horses are typically nonspecific, and diagnosis is made late in
the course of the disease, after it has progressed to end-stage, at
which time clinical signs reflect the organ(s) involved (5). As
observed in this case, results of CBC and serum biochemistry
are often not helpful with diagnosis of lymphoma (5). The
typical leukogram of horses with lymphoma includes mild to
moderate leukocytosis due to mature neutrophilia (25). Anemia,
hyperfibrinogenemia, hyperproteinemia, and hypoalbuminemia
were not observed, but a normal CBC with only mild hyper-
proteinemia (81 g/L) secondary to hyperglobulinemia (51 g/L)
occurred. Results of the cerebrospinal fluid (CSF) analysis
showed xanthochromia with a dramatically increased protein
of 3.7 g/L. The cytologic examination of the fluid showed a
moderate lymphocytic inflammation.

Gross and microscopic examination demonstrated neoplastic
lymphocytes scattered throughout numerous organs, including
the central and peripheral nervous system, and could explain
the altered mentation in this case (32). Histopathology revealed
neoplastic lymphocytes infiltrating the central and peripheral
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nervous system. Neoplastic infiltrates were most concentrated
within the extradural space, nerve roots, and meninges at the
level of the 7th cervical vertebral body. Additionally, high
numbers of neoplastic lymphocytes were identified within the
left sciatic nerve. Lower numbers of neoplastic cells were scat-
tered throughout the cerebral and cerebellar meninges, as well
as the perivascular spaces with mild infiltration of the adjacent
neuropil. The widespread infiltration of central and peripheral
nervous system by neoplastic B-lymphocytes explains the altered
mentation and gait abnormalities.

Medical management of the patient did result in an initial
improvement of demeanor although the lameness persisted.
Finally, the horse died due to a complication with severe
bronchoalveolar pneumonia, with intralesional bacteria, likely
an opportunistic infection attributable to his compromised
immune system secondary to the lymphoma and treatment with
steroids. Recently, 1 case of EHV-5 infection was associated with
lymphoma in the horse (33); however, analysis for EHV-5 was
not performed in the present case. No respiratory signs were
apparent on physical examination in previous visits. Lymphoma
has been associated with reduced immune capacity by causing
T-cell deficiency not evaluated here (34). This could have been
further compromised by possible immune-suppressive effects
of steroidal drugs.

Antemortem confirmation of lymphoma could not be made
in this horse. Lack of definitive clinical signs has hampered
antemortem diagnosis of lymphoma in the past (25). In ret-
rospect, a full abdominal and thoracic ultrasound could have
been performed on this horse and potentially would have helped
identify the presence of masses to be sampled (5,35). However,
no abnormal lung sounds were auscultated while the horse was
hospitalized and there were no clinical signs referable to the
thoracic and gastrointestinal systems such as weight loss, diar-
thea, colic, or coughing.

Based on this case report, lymphoma should be included in
the differential diagnosis for adult horses presenting for severe
single or multiple limb lameness with associated signs such as
muscle atrophy, muscle fasciculations, and weakness. v
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