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Meningoencephalomyelitis and brachial plexitis
in a dog infected with louping ill virus
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A foxhound from a hunting kennel in the United Kingdom was euthanized after being hospitalized with progressive neurologic
signs, including tremors, seizures, and obtunded mentation. No abnormalities were appreciated on gross postmortem examination.
Histologically, severe meningoencephalomyelitis and mild neuritis of the brachial plexus were present. Molecular analysis of brain
tissue detected louping ill virus. In addition, louping ill virus-specific antigens were detected in neurons within the brainstem, the
entire length of the spinal cord, as well as in rare cells in the brachial plexus using immunohistochemistry. The genetic sequence
of the virus appears most closely related to a previously detected virus in a dog from a similar geographic location in 2015. This
is the first characterization of the inflammatory lesions and viral distribution of louping ill virus in a naturally infected dog within

the spinal cord and brachial plexus.
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Louping ill virus (LIV) is a zoonotic, tick-borne, neurotropic,
single-stranded RNA virus in the family Flaviviridae. The
virus is endemic in the upland areas of the United Kingdom and
Ireland.'” Although LIV is most frequently recorded in the
United Kingdom, the geographic range appears to be expand-
ing, with recent detections in Scandinavia.'®'3 Louping ill virus
persists in an enzootic cycle driven primarily by Ixodes ricinus
ticks. Ecologically significant hosts which contribute to viral
persistence and transmission include sheep, mountain hares
(Lepus timidus), and red grouse (Lagopus lagopus scoticus).'"'*
Disease associated with LIV infection has predominantly been
reported in sheep'? and red grouse.?’ However, LIV encephali-
tis has also infrequently been reported in horses,? cattle,?
goats,'and humans. Clinical presentations varying from influ-
enza-like symptoms to encephalitis and hemorrhagic fever
have been described in rare human cases.” Rare cases of canine
LIV infection have also been reported.®!>1¢

In late September 2022, a 3-year-old, intact female, fox-
hound dog from south Devon (UK) was hospitalized for neuro-
logic signs. Over 3 days, signs progressed from tremors with
hypermetric gait and ataxia to lateral recumbency, obtundation,
intermittent seizure-like activity, and eventual coma. Treatments
included oral administration of clindamycin (300 mg TID),
intravenous fluids (0.9% NaCl), and a single dose of intrave-
nous diazepam. Complete blood counts and biochemistry
showed abnormalities including significantly elevated
C-reactive protein (85.9 mg/L [0.0-10.0]) and elevations in ala-
nine transferase, alkaline phosphatase, and gamma-glutamyl
transferase (360 U/L [reference range: 10-125], 245 U/L [23-
212], and 55 U/L [0-11], respectively). Serum indirect

fluorescent antibody testing for Neospora caninum and
Toxoplasma sp. 1gG, performed by Axiom Laboratories
(Newton Abbot, Devon), were negative and borderline posi-
tive, respectively. Based on the disease progression and lack of
response to treatments, humane euthanasia was elected. The
cadaver was then submitted for postmortem examination.

Over the 4 years prior to the euthanasia of this dog, multiple
other pack members had died after exhibiting neurologic signs
similar to those described in this case. A brief report of the
deaths in this pack of hounds has recently been published.’ The
diet of the pack included raw beef and meat from fallen sheep
stock.

No changes were identified on gross postmortem examina-
tion. The entire spinal cord, brachial plexi, sciatic nerves, and
brain, along with representative sections of other major organs
(lung, liver, kidney, heart, spleen, and skeletal muscle) were
retained in 10% neutral-buffered formalin, paraffin embedded,
cut in 5-um sections, and stained with hematoxylin and eosin.
Brain samples were frozen at —20°C.
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Figure 1. Louping ill virus meningoencephalomyelitis, spinal cord and brain, dog. Hematoxylin and eosin. (a) Lumbar spinal cord. The
meninges and perivascular spaces are multifocally expanded with dense clusters of lymphocytes. (b) Lumbar spinal cord gray matter. Necrotic
neurons are surrounded by mononuclear inflammatory cells (neuronophagia) and diffuse gliosis. (c) Cerebral cortex. Similar to the spinal cord,
the meninges and vessels within the gray and white matter are expanded with dense lymphocytic infiltrates. Inset: lymphocytic perivascular
cuffing. (d) Cerebral cortex. Glial nodules are characterized by relatively dense nodular accumulations of microglia mixed with smaller
numbers of astrocytes (asterisk). Gliosis is characterized by generalized increased numbers of mixed glial cells, with notably increased numbers
of astrocytes and microglia with elongated nuclei (rod cells) (arrows).

Histologically, bilaterally symmetric, lymphocytic menin-
goencephalomyelitis was present throughout all examined sec-
tions of the brain, brainstem (mibrain, pons, medulla oblongata),
spinal cord, and spinal nerve roots, extending to the cauda
equina (Fig. 1A-D). The inflammation was characterized by
frequent expansion of Virchow—Robin space with dense lym-
phocytic cuffs, scattered glial nodules, and diffuse gliosis.
Occasional neuronal necrosis and neuronophagia was present,
most frequently within the thoracic and lumbar spinal cord
(Fig. 1B) and unilaterally within the abducens nucleus of the
brainstem. While lymphocytic perivascular cuffing was equally
present in the meninges, white matter, and gray matter, gliosis
and glial nodules more severely affected the gray matter. The
gray matter of the cerebellum was relatively unaffected, though
the overlying meninges and the ventral portions of the white
matter demonstrated similar degrees of inflammation as the
cerebrum. The brachial plexus contained multifocal, lympho-
cytic infiltrates that were less dense than those in the spinal
cord (Supplemental Figures S1A, B). The sciatic nerve did not
have inflammatory infiltrates.

Distemper virus quantitative polymerase chain reaction
(PCR; University of Bristol, Langford Vets) and Toxoplasma
gondii immunohistochemistry (IHC; University of Glasgow,
Veterinary Diagnostic Services) on brain tissue were negative.

Frozen brain tissue was positive for LIV RNA by LIV-specific
TagMan real-time reverse transcription PCR (RT-PCR), a pan-
flavivirus real-time RT-PCR, and a LIV/tick-borne encephalitis
virus envelope gene-specific endpoint RT-PCR (Supplemental
Materials). Sanger sequence analysis yielded a 620 bp frag-
ment of the envelope gene, which was submitted to NCBI
GenBank (accession number OR759141, Supplemental Table
S1). A Bayesian phylogeny indicated that the sequence obtained
in this investigation was most closely related (99.83% identity)
to a LIV strain detected in 2015 from a dog in Devon, UK®
(Supplemental Figure S2). These two dog sequences were
grouped with other LIV sequences from the United Kingdom
(England, Scotland) and Ireland (Dublin).
Immunohistochemistry targeting LIV antigen-, CD3 anti-
gen-, CD20 antigen-, and using MAC387-specific antibodies
was performed (Supplemental Materials) on cerebral, cerebel-
lar, brainstem, spinal cord, and brachial plexus sections.
Cytoplasmic immunoreactivity for LIV was present within
neuronal cell bodies and processes in the brainstem, spinal
cord, and rare cells in the brachial plexus (Fig. 2). No LIV anti-
gen was identified within the cerebellum or cerebrum. Within
the brainstem, immunoreactive neurons were present unilater-
ally within the dorsal nucleus of the trapezoid body and the
abducens nucleus. Within the spinal cord, the highest
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Figure 2. Louping ill virus (LIV) meningoencephalomyelitis, lumbar spinal cord, dog. Immunohistochemistry (IHC) (a-c). Immunolabeling
for LIV antigen (arrows) is present in the lumbar spinal cord in (a, inset) neuronal cell bodies of the gray matter, (b) axons within the gray
matter, and (c, inset) axons in the ventral spinal nerve roots. LIV IHC. (d) The majority of the inflammatory cells within the gray matter
demonstrate strong, cytoplasmic and membranous, granular, CD3 immunolabeling. Inset: Perivascular cuffing with CD3-positive lymphocytes

(T lymphocytes). CD3 IHC.

concentrations of immunoreactive neurons were present within
the cervical and lumbar sections. The distribution was unilat-
eral within the dorsal and ventral horns of the cervical sections,
and bilateral, but mainly within the ventral (motor) horns and
within the ventral nerve roots, in the lumbar sections. In the
brachial plexus, rare, scattered nucleated cells with moderate
amounts of cytoplasm were immunoreactive (Supplemental
Figure S1D), which, based on their location, represent either
Schwann cells or peripheral nerve resident macrophages. Most
inflammatory cells were CD3 antigen positive (T lymphocytes)
(Fig. 2, Supplemental Figure S1C). Small numbers of CD20
antigen-positive cells (B lymphocytes) were present within the
perivascular cuffs and very rare, individual MAC387-positive
cells (macrophages) were present.

The pattern of inflammation and neuronal necrosis within
the brainstem, cerebral cortex, and spinal cord in this case is
similar to previous observations in LIV-infected lambs and
mice.®!®2! The relative lack of inflammatory infiltrates in the
cerebellum and florid CD3 antigen-positive lymphocytic
inflammation within the cerebrum and brainstem is similar to
that described previously in a dog; however, in that case,

relatively more perivascular cuffs were described within the
gray matter relative to the white matter, while no significant
difference in distribution of perivascular cuffs was appreciated
in this case.® Phenotypic characterization of the inflammatory
cell infiltrate has only been previously reported in lambs with
variable results. One study reported a predominance of plasma
cells via ultrastructural examination,’ while another study
reported a predominance of CD3 antigen-positive lymphocytes
via IHC.?!' Consistent with the latter study, this case showed a
predominance of CD3-antigen-positive immune cells clustered
around vessels, as well as individually scattered throughout the
neuroparenchyma. Rare MAC387-positive macrophages were
present in the neuroparenchyma, reflecting a minor component
of active histiocytic inflammation. A full characterization of
the histiocytic component of inflammation was not pursued
and may be an area for future investigation.

Viral antigen was confined to neurons within the brainstem
and spinal cord and Schwann cells or macrophages within the
brachial plexus with no detection in the cerebellum. This con-
trasts with a previously reported case of canine LIV where rare
neurons within the cerebellar peduncles and Purkinje cells
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contained viral antigen.® Similar to experimental IHC studies
in grouse, mice, and lambs, LIV antigen was identified within
neuronal cell bodies and processes in this case.®?° However,
LIV antigen immunoreactivity and inflammation within the
brachial plexus had not been assessed in cases of experimental
infection. The presence of LIV antigen within the brachial
plexus could indicate replication of the virus within peripheral
nerve plexi and/or reflect a potential route of entry into the cen-
tral nervous system along neural pathways. Experimental stud-
ies in mice on the distribution of a closely related flavivirus,
tick-borne encephalitis virus, have demonstrated the presence
of viral antigen within the enteric nervous system after intrave-
nous and subcutaneous inoculation.>'” The brachial plexitis
identified here warrants further investigation into the distribu-
tion of LIV in the peripheral nervous system. The unilateral
distribution of the virus within neurons of the cervical spinal
cord and the brainstem was also an interesting finding that
could also support the hypothesis that this virus can translocate
along neural pathways.

Experimental LIV infections in sheep have demonstrated
variable distributions of histologic lesions depending on the
route of inoculation. With subcutaneous inoculation, there is a
relative sparing of the cerebrum with more severe inflamma-
tory lesions in the gray matter of the brainstem, cerebellum,
and spinal cord.®!” In these animals, the distribution of viral
antigen was consistently reported in the brainstem and spinal
cord, with variable presence within the cerebellum. Intranasal
inoculation of lambs and mice has resulted in relatively severe
forebrain lesions that include localization of LIV antigen within
neuronal cell processes, leading to the conclusion that one
method of viral spread and transport is along neural path-
ways.®? Spread along neural pathways may account for the
distribution of viral antigen in the brachial plexus, spinal cord,
and brainstem in this case.

The previously sequenced canine case of LIV occurred in
close geographic proximity to the current case.® The apparent
lack of viral evolution in LIV through time is presumably due
to low diversity, with limited evidence for positive selection in
the LIV genome, and no evidence of recombination.* Analysis
using BEAST has shown the molecular clock rate for LIV to be
1.9 X 107 substitutions/site/year (95% HPD: 5.7 X 10°—3.9
X 1073 substitutions/site/year); however, more extensive analy-
sis would be required to validate this analysis.*

The susceptibility of dogs to this disease may depend on a
combination of host, viral, and environmental factors. The geo-
graphic region that this animal inhabited has relatively high
rates of LIV diagnosed in sheep. Consequently, sustained LIV
transmission is occurring, most likely facilitated by questing
ticks.'? If LIV infection was the cause of the neurologic signs
in the additional dogs from this kennel that had died over the
previous 4 years, it may reflect increased exposure to the virus,
particularly in rural hunting dogs trained in areas where the
virus is endemic. Recent reports of an increased incidence of
fatal LIV infections in hunting dogs within the United Kingdom
support this hypothesis.® To our knowledge, this is the first
immunolocalization of LIV antigen within the spinal cord of a

dog as well as the first immunophenotyping and report of bra-
chial plexitis associated with LIV infection in any species.
Although the incidence of confirmed canine cases is rare, our
results suggest that LIV should be considered as a differential
diagnosis for meningoencephalomyelitis and neuritis/plexitis
in dogs within the United Kingdom and regions where LIV is
known to circulate.

Acknowledgments

The authors would like to acknowledge the postmortem technicians
and histology technicians at the University of Surrey and the Animal
and Plant Health Agency (APHA) and the owners of the animal.

Authors’ Contributions

Initial preparation of manuscript (SF); postmortem exam and diagnos-
tic decisions, histopathology (SF and CG); PCR (MR), and phyloge-
netics (KLM and AJF); immunohistochemistry (AGV); Submission
of the case and clinical review (DC); review of manuscript (CG, KLM,
AJF, AGV, MR, and DC).

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: K.L.M. and
A.J.F. were funded by the Department for Environment, Food and
Rural Affairs (DEFRA) and the Scottish and Welsh Governments
through project SV3045. M.R. is funded by the Scottish Government
Rural and Environment Science and Analytical Services Division
(RESAS).

ORCID iDs

Sai Fingerhood https://orcid.org/0000-0003-1588-0672

Ana Gomez Vitores https://orcid.org/0000-0003-4975-0171
Cecilia Gola https://orcid.org/0000-0002-9762-4746

References

1. Balseiro A, Royo LJ, Martinez CP, et al. Louping Ill in goats, Spain, 2011.
Emerg Infect Dis. 2012;18(6):976-978.

2. Benavides J, Willoughby K, Underwood C, et al. Encephalitis and neuronal
necrosis in a 3-month-old suckled beef calf. Vet Pathol. 2011;48(5):E1-E4.

3. Boelke M, Puff C, Becker K, et al. Enteric ganglioneuritis, a common fea-
ture in a subcutaneous TBEV Murine infection model. Microorganisms.
2021;9(4):875.

4. Clark JJ, Gilray J, Orton RJ, et al. Population genomics of louping ill virus
provide new insights into the evolution of tick-borne flaviviruses. Plos Negl
Trop Dis. 2020;14(9):¢0008133.

5. Dagleish MP, Cartney M, Watson B, et al. Increased incidence of dogs with
fatal louping ill virus infection. Ver Rec. 2024;194(4):155-156.

6. Dagleish MP, Clark JJ, Robson C, et al. A fatal case of louping-ill in a dog:
immunolocalization and full genome sequencing of the virus. J Comp Pathol.
2018;165(1):23-32.

7. Davidson MM, Williams H, Macleod JAJ. Louping ill in man: a forgotten
disease. J Infect. 1991;23(3):241-249.

8. Doherty PC, Reid HW. Louping-ill encephalomyelitis in the sheep: II—distribution
of virus and lesions in nervous tissue. J Comp Pathol. 1971;81(4):531-53INS.



Fingerhood et al

91

9.

Doherty PC, Reid HW, Smith W. Louping-ill encephalomyelitis in the
sheep: IV—nature of the perivascular inflammatory reaction. J Comp Pathol.
1971;81(4):545-549.

. Gao GF, Jiang WR, Hussain MH, et al. Sequencing and antigenic studies of

a Norwegian virus isolated from encephalomyelitic sheep confirm the exis-
tence of louping ill virus outside Great Britain and Ireland. J Gen Virol.
1993;74(1):109-114.

. Gilbert L. Louping ill virus in the UK: a review of the hosts, transmission and

ecological consequences of control. Exp Appl Acarol. 2016;68(3):363-374.

. Jeffries CL, Mansfield KL, Phipps LP, et al. Louping ill virus: an endemic tick-

borne disease of Great Britain. J Gen Virol. 2014;95(5):1005-1014.

. Jensen PM, Skarphedinsson S, Semenov A. [Densities of the tick (Ixodes rici-

nus) and coexistence of the Louping ill virus and tick borne encephalitis on the
island of Bornholm]. Ugeskr Laeger. 2004;166(26-31):2563-2565.

. Laurenson MK, Norman RA, Gilbert L, et al. Identifying disease reservoirs in

complex systems: mountain hares as reservoirs of ticks and louping-ill virus,
pathogens of red grouse. J Anim Ecol. 2003;72(1):177-185.

. Mackenzie CP. Recovery of a dog from louping-ill. J Small Anim Pract.

1982;23(4):233-236.

17.

18.

20.

21.

22.

MacKenzie CP, Lewis ND, Smith ST, et al. Louping-ill in a working collie. Vet
Rec. 1973;92(14):354-356.

MacLachlan NJ,
N, Dubovi EJ, eds. Fenner’s Veterinary Virology. Sth ed. Cambridge, MA:
Academic Press; 2017:525-545.

Mansfield KL, Johnson N, Banyard AC, et al. Innate and adaptive immune
responses to tick-borne flavivirus infection in sheep. Vet Microbiol.
2016;185(1):20-28.

Nagata N, Iwata-Yoshikawa N, Hayasaka D, et al. The pathogenesis of 3 neu-

Dubovi EJ, editors. Flaviviridae. In: James Maclachlan

rotropic flaviviruses in a mouse model depends on the route of neuroinvasion
after viremia. J Neuropathol Exp Neurol. 2015;74(3):250-260.

Reid HW. Experimental infection of red grouse with louping-ill virus
(Flavivirus group): 1. The viraemia and antibody response. J Comp Pathol.
1975;85(2):223-229.

Sheahan BJ, Moore M, Atkins GJ. The pathogenicity of louping Ill virus for
mice and lambs. J Comp Pathol. 2002;126(2):137-146.

Timoney PJ, Donnelly WJC, Clements LO, et al. Encephalitis caused by
louping ill virus in a group of horses in Ireland. Equine Vet J. 1976;8(3):113—
117.



