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Abstract

Background: The neutrophil-to-lymphocyte ratio (NLR) has been identified as a
biomarker in several inflammatory and autoimmune diseases. Multiple sclerosis
(MS) has been found to be associated with changes in the NLR in humans.
Obijectives: To examine the diagnostic value of the NLR in meningoencephalitis of
unknown etiology (MUE) in dogs.

Animals: Thirty-eight MUE dogs, 20 hydrocephalic dogs, 10 brain tumor (BT) dogs,
32 idiopathic epilepsy (IE) dogs, and 41 healthy dogs.

Methods: Retrospective study. Medical records were reviewed to identify dogs with
a diagnosis of neurologic disease. The NLR was determined in all dogs.

Results: The median NLR was significantly higher in MUE dogs (6.08) than in healthy
(1.78, P <.001), IE (2.50, P < .05), and hydrocephalic dogs (1.79, P < .05). The area
under the receiver operating characteristic curve of the NLR for differentiation
between MUE and healthy dogs was 0.96, and between the MUE dogs and dogs with
other forebrain diseases was 0.86. An optimal cutoff of 4.16 for the NLR had a sensi-
tivity of 71.1% and specificity of 83.9% to differentiate the MUE dogs from the dogs
with other forebrain diseases.

Conclusions and Clinical Importance: The NLR could be a biomarker for diagnosing

MUE and distinguishing it from other intracranial diseases in dogs.

KEYWORDS
canine, MUE, neuronal inflammation, NLR

1 | INTRODUCTION

Meningoencephalitis of unknown etiology (MUE) is a common inflam-

matory condition of the central nervous system (CNS) in dogs.

imaging; MS, multiple sclerosis; MUE, meningoencephalitis of unknown etiology; NLR,

neutrophil to lymphocyte ratio; ROC, receiver operator characteristic.
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Although the specific pathophysiology of MUE is unknown, aggressive
immunosuppressive treatment is used for its management.? The
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prognosis of MUE is poor and previously reported survival time for
dogs receiving glucocorticoids only was 28 to 602 days.® Because the
definitive diagnosis of MUE is obtained by postmortem histopatholog-
ical examination or biopsy which is obtained infrequently, the diagno-
sis of MUE is challenging. Antemortem diagnosis of MUE typically is
achieved by evaluation of history, signalment, laboratory test results,
neurological signs, magnetic resonance imaging (MRI) findings, and
cerebrospinal fluid (CSF) analysis.*

Previous studies have shown that MUE is a naturally-occurring
dog model of immune-mediated CNS diseases, such as multiple scle-
rosis (MS), in humans.”>® The pathogenesis of MS is not completely
understood, but the involvement of CD4+ myelin-reactive T cells has
been recognized.” In humans with MS, autoreactive activated T cells
migrate across the blood-brain barrier (BBB) and cause demyelination
associated with inflammation and axonal loss. Similarly, MUE in dogs
is characterized by lymphocyte infiltration in the CNS and it has been
suggested that T lymphocytes mediate the disease.”

The neutrophil-to-lymphocyte ratio (NLR) is calculated by dividing
the neutrophil count by the lymphocyte count, and has been used to
determine the prognosis of inflammatory reactions.® Moreover, it is
considered to be comparatively more stable than the absolute
counts.® The NLR has been investigated as a useful diagnostic marker
for various diseases. It has been studied as a diagnostic marker in
acute bacterial meningitis of humans, and in chronic enteropathy and
soft tissue sarcoma in dogs.®° An increased NLR can distinguish
between MS and normal controls in humans.** Additionally, the NLR
is an inexpensive marker that can be easily obtained from the CBC.

Despite widespread use of the NLR, to the best of our knowl-
edge, no specific studies of the NLR in MUE dogs have been per-
formed. In dogs, studies have been conducted on inflammatory bowel
disease (IBD), septic peritonitis, and lymphoma, but studies on neuro-
logical diseases are not available.'?>1> Therefore, our aim was to eval-
uate the diagnostic value of the NLR in dogs with MUE. We
hypothesized that the NLR could be used to differentiate MUE from
healthy controls and dogs with other neurological diseases.

2 | MATERIALS AND METHODS

21 | Animals

We retrospectively reviewed the medical records of dogs with a diag-
nosis of intracranial diseases, including MUE, hydrocephalus, idio-
pathic epilepsy (IE), and brain tumor (BT) at our institution from
January 2014 to February 2021. The study group included 141 dogs,
with 41 healthy control dogs and 100 dogs with neurologic diseases.
Healthy dogs without inflammatory diseases and neurological signs
were recruited to be part of the healthy group, and the healthy con-
trol group consisted of 27 client-owned healthy dogs and 14 healthy
beagle dogs. The neurologic disease group consisted of dogs diag-
nosed with MUE (n = 38), IE (n = 32), hydrocephalus (n = 20), and BT
(n = 10) that did not have any exclusion criteria. The exclusion criteria

were as follows: (1) dogs with incomplete medical records, (2) dogs

that had received anti-inflammatory, immunosuppressive, anticonvul-
sant drugs, or antibiotics, in the past 30 days, and (3) dogs with con-
current disease such as hyperadrenocorticism, lymphoma, or other
inflammatory diseases that could affect the white blood cell count.

A minimum database for MUE dogs consisted of the following:
CBC, serum biochemistry profile, CSF analysis, MRI, and neurologic
examination. Diagnosis of MUE was based on histopathological con-
firmation, or it was presumptively diagnosed based on the following
criteria®: (1) dogs older than 6 months, (2) single or multifocal neuro-
logic signs, (3) hyperintense lesions observed on T2-weighted and
fluid-attenuated inversion recovery (FLAIR) images, (4) hypercellularity
on CSF analysis, with >50% mononuclear (monocytes and lympho-
cytes) cells, and (5) the presence of infectious diseases was ruled out.

Idiopathic epilepsy was defined as dogs with chronic recurrent
seizures for which no abnormality was identified on MRI, neurologic
examination, hematological examination, and biochemistry profile.

Dogs with ventricular enlargement and clinical signs of forebrain
deficits were diagnosed as having hydrocephalus. The MRI findings of
hydrocephalus were expansion of the third ventricle, disruption of the
internal capsule adjacent to the caudate nucleus, periventricular
edema, narrowing of cerebral sulci, and dilatation of olfactory
recesses.'” In addition, dogs with a heterogeneous parenchymal lesion
or meningeal enhancement were excluded.

Diagnosis of BT was based on histological findings at necropsy or
a tentative diagnosis was made according to the following features'®:
(1) >1 neurologic sign; (2) MRI changes characterized by solitary,
regular-shaped T2-hyperintense, FLAIR-hyperintense, and T1-hypo to
iso-intense lesions, (3) postcontrast T1-hyperintense lesions, (4) dural
tail or dural contact, (5) mass effect on MRI, and (6) negative blood

and CSF infectious disease titers.

2.2 | NLR measurement

For each dog, a 250-pL blood sample was collected from a jugular or
cephalic vein into an ethylenediaminetetraacetic acid tube. The CBC
was determined using a blood cell count machine (IDEXX ProCyte Dx,
IDEXX Laboratories, Inc) with <3% coefficient of variation for the
CBC.Y? The NLR was measured based on CBC data at the first visit.
Neutrophil and lymphocyte counts were extracted and the NLR was

calculated as the neutrophil count divided by the lymphocyte count.®

2.3 | Grouping and data analysis
To examine differences in the NLR among neurologic diseases, dogs
with neurological deficiencies were classified into 2 groups: the IE
group (n = 32) and the structural group (n = 68); these groups were
compared with the healthy group. The IE group consisted of epileptic
dogs with no structural changes in the brain whereas the structural
group included dogs with MUE, hydrocephalus, and BT.

The MRI examinations were performed using a 0.3-Tesla unit
(Airis I, Hitachi, Japan) or 1.5-Tesla unit (Signa Creator, GE
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Healthcare, Milwaukee, Wisconsin). The T2-weighted images (T2-WI),
T2-FLAIR images, and T1-weighted images (T1-WI) images before and
after paramagnetic contrast injection were acquired in transverse and

sagittal planes.

2.4 | Statistical analysis

Data were analyzed using Prism 6 software (GraphPad Software, San
Diego, California). Results are expressed as median and interquartile
range. A P-value <.05 was considered significant. Normality was
assessed using the Shapiro-Wilk test. The Mann-Whitney U-test was
used to compare data between MUE and healthy groups. The compar-
ison of age and bodyweight between the healthy and disease groups
was conducted using the Kruskal-Wallis test with posttests (Dunn's
multiple comparison test). It also was used for comparison of the NLR
for >3 independent groups. Receiver operating characteristic (ROC)
curve analysis was used to assess diagnostic utility of the NLR to dif-
ferentiate between MUE and healthy and MUE and other forebrain
disease dogs. The area under the curve (AUC) of the ROC curve was
obtained and the diagnostic accuracy was classified according to the
AUC value as follows: sufficient (0.6-0.7), good (0.7-0.8), very good
(0.8-0.9), and excellent (0.9-1.0).2° Sensitivity and specificity were cal-
culated and the optimal cutoff with the highest Youden index ([sensi-
tivity + specificity] — 1) was selected.?°

3 | RESULTS

3.1 | Study population

The healthy dogs consisted of 2 Maltese, 1 Pomeranian, 6 Poodles,
5 Bichon Frise, 5 mixed breed dogs, 1 Jindo dog, 3 Welsh Corgis,
14 healthy beagle dogs, and 1 each of Spitz, Shih Tzu, Shiba Inu, and
Miniature Schnauzer. The MUE dogs consisted of 20 Maltese, 5 York-
shire Terriers, 4 Chihuahuas, 3 Pomeranians, 2 Poodles, 2 mixed breed
dogs, and 1 each of Miniature Pinscher Pekingese, and Shih Tzu. The
IE dogs consisted of 7 Maltese, 3 Yorkshire Terriers, 2 Chihuahuas,

6 Pomeranians, 3 Poodles, 2 mixed breed dogs, 2 Japanese Chins, and
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1 each of Miniature Pinscher, Pekingese, Golden Retriever, Bichon
Frise, Labrador Retriever, Jindo dog, and Shiba Inu. The hydrocephalus
dogs consisted of 13 Maltese, 4 Chihuahua, and 1 each of Yorkshire
Terrier, Poodle, and Spitz. The BT dogs consisted of 1 Maltese, 2 York-
shire Terriers, 3 Poodles, and 1 each of Miniature Pinscher, Pekingese,
Golden Retriever, and Doberman Pinscher. The demographic charac-
teristics of the dogs are presented in Table 1. The BT dogs were sig-
nificantly older than the IE (P = .004), hydrocephalus (P < .001), and
healthy dogs (P < .0001), but not MUE dogs (P = .08). Dogs with MUE
and hydrocephalus had significantly lower body weight than other
dogs (P < .05). Sex was not different among the 5 groups. The highest
frequency of seizures was in dogs with IE, followed by BT, MUE and
hydrocephalus dogs.

3.2 | Comparison of the NLR between healthy
dogs and MUE dogs

The NLR of MUE dogs (median, 6.08 [interquartile range, 3.48-8.84])
was significantly higher than that of healthy dogs (1.78 [1.36-2.20];
P <.0001; Figure 1A). The neutrophil count of MUE dogs (8.41
[5.49-12.25] x 10%/pL) was significantly higher than that of healthy
dogs (5.19 [4.57-6.23] x 10%/pL; P < .0001; Figure 1B). The MUE
dogs (1.43 [1.00-2.29] x 103/pL) had significantly lower lymphocyte
counts than healthy dogs (3.09 [2.59-3.75] x 10%/uL; P < .001;
Figure 1C).

33 |
diseases

Comparison of the NLR among neurologic

Multiple comparisons were conducted to identify differences in the
NLR between dogs with neurologic diseases and healthy dogs. The
NLR of the structural group (3.86 [2.43-6.76]) was significantly higher
than that of the IE group (2.50 [1.58-3.43]; P = .01) and healthy group
(1.78 [1.36-2.20]; P < .0001). The IE group had a relatively higher NLR
compared to the healthy group (P = .04). When the IE group was
compared to dogs with 3 types of structural diseases, only MUE dogs
(6.08 [3.48-8.84]; P < .0001) had significantly higher NLR compared

TABLE 1 Characteristics of healthy dogs and dogs with neurologic diseases
Healthy (n = 41) MUE (n = 38) IE (n = 32) Hydrocephalus (n = 20) BT (h = 10)

Age (y) 2(1-3) 5% (3-8) 4 (2-5.5) 2.5(1-5) 112<4(7.5-12.8)
Body weight (kg) 6.2°9(4.2-9.4) 2.8(2.0-3.9) 4.2°9(2.9-6.9) 2.3(1.8-2.5) 5.3°9(3.6-5.6)
Sex (number)

Male 14 (34.1%) 21 (55.3%) 16 (50%) 7 (35%) 5 (50%)

Female 27 (65.9%) 17 (44.7%) 16 (50%) 13 (65%) 5 (50%)
Seizure (number) - 23 (60.5%*) 32 (100%") 4(20%) 8 (80%*)

Note: Age and body weight are expressed as median and interquartile range. The values of sex and seizure are expressed as the number of dogs
(percentage of total instances). The value is significantly higher compared to *Healthy, "MUE, “IE, or hydrocephalus (P < .05).
Abbreviations: BT, brain tumor; IE, idiopathic epilepsy; MUE, meningoencephalitis of unknown etiology.
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FIGURE 1

Scatterplot comparing the NLR (A), neutrophil count (B), and lymphocyte count (C) of the MUE (n = 38) and healthy groups

(n = 41). (A) the NLR of MUE dogs was significantly higher than that of healthy control dogs. (B) the neutrophil count of MUE dogs was
significantly higher than that of healthy dogs. (C) the lymphocyte count of MUE dogs was significantly lower than that of healthy dogs. The
horizontal bars show the medians and interquartile ranges from the first to the third quartile. Mann-Whitney U test. ***P < .001; ****P < .0001.
MUE, meningoencephalitis of unknown etiology; NLR, neutrophil to lymphocyte ratio
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FIGURE 2

Scatterplot of the NLR in all the groups (healthy, n = 41; |IE, n = 32; MUE, n = 38; hydrocephalus, n = 20; and BT, n = 10) (A) and

in MUE dogs vs dogs with other forebrain diseases (IE, hydrocephalus, and BT, n = 62) (B). (A) There were significant differences in the NLR
between MUE dogs and healthy, IE, and hydrocephalus dogs, whereas no difference was noted between MUE dogs and BT dogs. In addition,
there were significant differences between BT dogs and hydrocephalus dogs, BT dogs and healthy dogs, and IE dogs and healthy dogs. Statistical
significance was assessed with the Kruskal-Wallis test with Dunn's multiple comparison test. (B) There was a significant difference in the NLR
between MUE dogs and dogs with other forebrain diseases. Mann-Whitney U test. The horizontal bars show the medians and interquartile ranges
from the first to the third quartile. The asterisk indicates a statistically significant difference. *P < .05; ***P < .001; ****P < .0001. BT, brain tumor;
IE, idiopathic epilepsy; MUE, meningoencephalitis of unknown etiology; NLR, neutrophil to lymphocyte ratio

to the IE group. The IE group showed no significant difference in
terms of the NLR compared to hydrocephalus dogs (1.79 [1.32-2.83];
P > .99) and BT dogs (4.27 [2.85-4.86]; P = .26).

In the structural group, hydrocephalus dogs had a significantly
lower NLR than MUE dogs (P < .0001) and BT dogs (P = .02), but the
difference between the MUE and BT groups was not significant
(P >.99). A significant difference in the NLR was found between BT
dogs and healthy dogs (P = .001), whereas no difference was found
between hydrocephalic dogs and healthy dogs (P > .99). Figure 2A
presents a scatterplot of the NLR in all of the groups. The NLR of the
MUE dogs (6.08 [3.48-8.84]) was significantly higher than that of dogs
suffering from other forebrain diseases (IE, hydrocephalus, and BT;
2.61[1.51-3.41]; P < .0001; Figure 2B).

3.4 | AUC of the NLR in neurologic diseases

The ROC curve illustrates the sensitivity and specificity of use of the
NLR to distinguish MUE dogs from healthy, IE, hydrocephalus, and all
the forebrain diseases combined (IE, hydrocephalus, and BT; Figure 3).
The AUCs were as follow: (1) healthy dogs and MUE dogs, 0.96 (95%
confidence interval [Cl] = 0.92-1.00), (2) IE dogs and MUE dogs, 0.87
(95% Cl = 0.78-0.95), (3) hydrocephalus dogs and MUE dogs, 0.93
(95% Cl = 0.86-0.99), and (4) MUE dogs and forebrain disease dogs,
0.86 (95% ClI = 0.78-0.93). The corresponding optimal cutoffs (sensi-
tivity and specificity) for the NLR were as follow: (1) healthy dogs and
MUE dogs, 2.98 (86.8% [95% Cl = 71.9%-95.6%] and 90.2%, [95%
Cl = 76.9%-97.3%]), (2) IE dogs and MUE dogs, 3.96 (71.1% [95%
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FIGURE 3 Receiver operating characteristic (ROC) curve analysis of predicting the NLR between (A) healthy and MUE dogs, (B) IE and MUE
dogs, (C) hydrocephalus and MUE dogs, and (D) MUE dogs and dogs with other forebrain diseases (IE, hydrocephalus, and BT). The thick diagonal
line shows a 50% chance. The AUCs were 0.96 (95% Cl = 0.92-1.00) (A), 0.87 (95% Cl = 0.78-0.95) (B), 0.93 (95% CI = 0.86-0.99) (C), and 0.86
(95% Cl = 0.78-0.93) (D), respectively. The point of intersection in all ROC curves represents the optimal cutoff value (sensitivity and specificity) of
2.98 (86.8% [95% Cl = 71.9%-95.6%] and 90.2%, [95% C| = 76.9%-97.3%)) (A), 3.96 (71.1% [95% C| = 54.1%-84.6%] and 87.5% [95% C| = 71.0%-
96.5%)) (B), 3.23 (95.0% [95% Cl = 75.1%-99.9%] and 84.2% [95% Cl = 68.8%-94.0%)]) (C), and 4.16 (71.1% [95% C| = 54.1%-84.6%] and 83.9%
[95% Cl = 72.3%-92.0%)) (D), respectively. AUC, area under the receiver operating characteristic curve; BT, brain tumor; Cl, confidence interval; IE,
idiopathic epilepsy; MUE, meningoencephalitis of unknown etiology; NLR, neutrophil to lymphocyte ratio; ROC, receiver operating characteristic

Cl = 54.1%-84.6%] and 87.50% [95% Cl| = 71.0%-96.5%]), (3) hydro-
cephalus dogs and MUE dogs, 3.23 (95.0% [95% Cl = 75.1%-99.9%]
and 84.2% [95% Cl = 68.8%-94.0%)), and (4) MUE dogs and forebrain
disease dogs, 4.16 (71.1% [95% Cl = 54.1%-84.6%] and 83.9% [95%
Cl = 72.3%-92.0%])), respectively.

4 | DISCUSSION

In our study, dogs with MUE had higher NLR than healthy dogs. In
addition, the NLR of MUE dogs was significantly higher than that of IE
and hydrocephalus dogs. These results are consistent with previous
studies that showed increased NLR in the relapse phase of MS in
human patients.?! Our data also suggest that the NLR could be used
as a diagnostic tool to identify MUE and differentiate it from other
neurological diseases in dogs. To the best of our knowledge, ours is
the first study to identify the potential role of the NLR in dogs
with MUE.

The NLR is known as an inexpensive and easily accessible supple-
mental marker of several inflammatory diseases.!* A previous study
indicated that an increased NLR is associated with increased inflam-
matory activity in human patients with MS.2? Because MUE is consid-
ered an animal model of MS, a similar result for the NLR was
predicted and the NLR was found to be significantly increased in
MUE dogs in our study.>® The cause of an increased NLR in CNS
autoimmune disease and whether increased neutrophil counts con-
tribute to the development of CNS autoimmunity remains unclear.?®
Nevertheless, some studies suggest that neutrophils contribute to
neuronal regulation of the immune system.?* Studies on experimental
autoimmune encephalomyelitis (EAE) have indicated a promoting role
of peripheral blood neutrophils in the pathogenesis of EAE, and deple-
tion of neutrophils delayed disease onset.?* Neutrophils have been
suggested to be particularly important in the early stage of disease
and involved in lesion formation by promoting the infiltration of
inflammatory cells.?> One previous study also showed that the neu-

trophils of MS patients are increased because neutrophils are found
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more in a primed state than in a resting state, which leads to
decreased apoptosis.2® In our study, the neutrophil count was increased
in MUE, similar to MS, presumably because the pathophysiology of
MUE resembles that of MS. Therefore, it was suspected that the role
of neutrophils may be similar to that in MS.® In MS patients, pathogenic
lymphocytes are triggered in the periphery to infiltrate the CNS and
cause local inflammation and demyelination.?” Similarly, MUE features
perivascular cuffs that include lymphocytes, plasma cells, and histiocytic
cells and it is presumed to cause decreased peripheral lymphocytes.?®
Therefore, the NLR is associated with neuronal inflammation and could
be used as an indicator of inflammatory conditions in MUE.

Our study showed that the NLR was increased in the IE group
compared to the healthy group. Our results are consistent with a pre-
vious report that showed the NLR to be significantly higher in acute
epileptic seizures than in subacute epileptic seizures.?’ Several recent
studies also have shown that neuroinflammatory indicators increase
after epilepsy.*° This finding suggests that epilepsy in dogs may
involve neuronal inflammation. Therefore, additional investigation of
the relationship between the NLR in IE dogs and treatment may iden-
tify the influence of anticonvulsant drugs on neuronal inflammation.

The NLR was significantly higher in both the IE and structural
groups compared with the healthy group. The additional analysis sug-
gested that a difference exists in the NLR within the structural group.
In particular, the NLR of MUE dogs was significantly higher than that
of the hydrocephalic dogs. In a study of acute community-acquired
meningitis, it was suggested that the NLR can serve as an additive bio-
marker for the differential diagnosis of bacterial and viral meningitis.®
This investigation suggested that the NLR could be influenced by the
difference in neuronal inflammation caused by different immune
responses. Another study indicated that reactive astrocytosis and
microgliosis are associated with progressive ventriculomegaly in
hydrocephalus. In MUE, both gliosis and neuronal necrosis are charac-
terized by perivascular cuffing.33®2 Thus, these pathophysiologic vari-
ations may contribute to the differences between the NLRs of dogs
with MUE and hydrocephalus. In our study, no significant difference
was found in the NLR between MUE and BT dogs. It is probable that
despite different pathogenesis, brain tumor and autoimmune CNS dis-
ease both have pathogenic cells that proliferate excessively and are
accompanied by chronic immune system dysfunction.®® Also, a previ-
ous study showed that the NLR is increased in cancer-associated
inflammation and accumulation of inflammatory cells around tumors.>*

Because the antemortem diagnosis of MUE requires MRI and
CSF analysis which are expensive and require anesthesia, it can be
frustrating for both clients and veterinarians. Substantial differences
in treatment methods and prognosis are required for various neuro-
logic diseases and therefore it is important to differentiate these dis-
eases.>*1735 |n our study, the NLR was significantly higher in dogs
with MUE than in dogs with IE or hydrocephalus. Therefore, the NLR
could be used to differentiate dogs with MUE or BT from dogs with IE
or hydrocephalus and it could be a useful marker in determining
whether MRI is needed for the early diagnosis of MUE or BT. In addi-
tion, the AUC for differentiation between the MUE dogs and dogs
suffering from other forebrain diseases showed very good diagnostic

accuracy,?° suggesting that the NLR could be used in the diagnosis of
MUE. Furthermore, the NLR can easily be measured by routine blood
examination, and it is inexpensive.

Our study had several limitations. First, the small size of each
group may not be representative of the remainder of the population,
and a larger study could find other associations. Further study of a
larger sample size would be beneficial in eliminating or minimizing this
limitation. Second, different inclusion criteria were applied to the
healthy control group and MUE group; healthy dogs were included in
the healthy control group and diseased dogs were included in the
MUE group. Studies using healthy controls are at a risk of overesti-
mating the test accuracy.®® Considering the possibility of overestimat-
ing accuracy, comparisons between the MUE group and alternative
diagnosis control groups were made in our study. Lastly, MUE is very
heterogeneous and has different histological findings for each type,
but histopathology was only performed in 2 dogs in our study.
Because there is a possibility of various effects on the NLR depending
on the MUE type, additional studies to investigate differences in the
NLRs according to the type of MUE would be desirable.

In conclusion, the NLR potentially could be used in the diagnosis
of MUE. Because the NLR of MUE was higher than that of IE and
hydrocephalus, it could be used as a diagnostic tool for distinguishing
MUE from other intracranial diseases. Additional prospective investi-
gations are necessary to identify the potential role of the NLR in neu-
roinflammation of dogs.
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