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Objective: To examine the utility of the peripheral blood neutrophil-to-lymphocyte ratio
(NLR) and monocyte-to-lymphocyte ratio (MLR) as biomarkers of prognosis in
seropositive autoimmune encephalitis (AE).

Methods: In this multicenter study, we retrospectively analyzed 57 cases of seropositive
AE with hospital admissions between January 2008 and June 2019. The initial full blood
examination was used to determine each patients’ NLR and MLR. The modified Rankin
Scale (MRS) was utilized to assess the patients’ follow-up disability at 12 months and then
at final follow-up. Primary outcomes were mortality and mRS, while secondary outcomes
were failure of first line treatment, ICU admission, and clinical relapse. Univariate and
multivariable regression analysis was performed.

Results: During initial hospital admission 44.7% of patients had unsuccessful first line
treatment. After a median follow-up of 700 days, 82.7% had good functional outcome
(MRS <2) while five patients had died. On multivariable analysis, high NLR was associated
with higher odds of first line treatment failure (OR 1.32, 95% CI 1.03-1.69, p = 0.029).
Increased MLR was not associated with any short or long-term outcome.
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Conclusions: NLR on initial hospital admission blood tests may be provide important
prognostic information for cases of seropositive AE. This study demonstrates the potential use
of NLR as a prognostic marker in the clinical evaluation of patients with seropositive AE.

Keywords: autoimmune encephalitis, neutrophil-to-lymphocyte ratio, monocyte-to-lymphocyte ratio,

prognosis, biomarker

INTRODUCTION

The interaction between the immune cells of the periphery and
the “immune-privileged” CNS in autoimmune disorders has
drawn significant attention. Many of the immunopathological
models of CNS autoimmunity are based on multiple sclerosis
(MS) and experimental autoimmune encephalomyelitis (EAE)
in animals. In the last decade, the increased recognition of
autoimmune encephalitis (AE) as a clinical entity has resulted
in subsequent pathological studies in humans and animal models
suggesting potential roles for innate and adaptive immune cell
subsets, as well as their associated cytokines and chemokines, in
disease pathogenesis (1).

Routine full blood examination is easily performed and
provides a detailed snapshot of the circulating innate and
adaptive immune cells. The neutrophil-to-lymphocyte ratio
(NLR) is an increasingly recognized biomarker of systemic
inflammation across a broad variety of different disease states
including ulcerative colitis, theumatoid arthritis, and systemic
lupus erythematosus (2-6). In MS, the NLR has been
demonstrated to correlate with disease progression and worse
disability outcomes (7-9). Recent studies in AE have found that a
high NLR is significantly correlated with long-term functional
disability as measured by the mRS and reduced response to first
line immunotherapy (10, 11). The monocyte-to-lymphocyte
(MLR) has recently been associated with disability scores in
MS (9). However, no published studies have examined the MLR
as a prognostic biomarker in AE.

Here we performed a large multicenter retrospective study to
examine for the presence of correlation between acute peripheral
blood immune cell ratios, and morbidity and mortality in
seropositive AE. We hypothesized that increased NLR and
MLR would be associated with worse outcomes.

METHODS

Patient Cohort

Ethics for this multicenter study was obtained through the
Melbourne Health Human Research Ethics Committee.
Patients were included from six secondary and tertiary referral
centers in metropolitan hospitals in Victoria, Australia:
Melbourne Health, Alfred Health, Monash Health, Eastern
Health, Barwon Health, St Vincent’s Health. De-identified
study data was collected and managed using REDCap
(Research Electronic Data Capture) (12, 13). Potential cases
were identified retrospectively through a medical records
search of International Classification of Disease (ICD-10)

codes for a principal or other diagnosis of AE with hospital
admissions between January 2008 and June 2019. We also
identified potential cases by performing a search of positive
antibody results in the one site that had their own laboratory
for antibody testing, which is a state-wide reference facility for
receiving and processing samples for autoantibodies. Cases of AE
were confirmed by reviewing each clinical record for diagnostic
criteria, as established in recent guidelines (14). Only cases with a
positive serum and/or cerebrospinal fluid (CSF) antibody test for
neuronal cell surface antibodies were included in the study.
Antibodies to NMDAR, AMPAR, GABAb, and IgLON5 were
detected using commercial cell-based assays, while antibodies to
LGI1 and CASPR2 were detected via direct immunofluorescence.
Cases with autoantibodies to the voltage-gated potassium
channel (VGKC) complex with negative or no specific testing
for anti-LGI1 or anti-CASPR2 antibodies were excluded from
the study.

We obtained data on demographics, antibody profile, clinical
features, paraclinical findings (peripheral immune cell counts,
CSF, and neuroimaging findings), follow-up MRI findings,
treatment types and duration, and data on hospital stay
(duration of admission, need for ICU admission). For this
study, an abnormal MRI was defined as having findings that
were in keeping with neuroinflammation (15). Patients had to be
admitted to ICU for at least 48 h to be classified as having an ICU
admission. This ensured patients with an ICU stay had critical
illness, rather than those only needing a brief period of additional
support or observation.

Peripheral Immune Cell Counts Analysis

We recorded the total white blood cell count and immune cell
subset counts from the first full blood analysis within 24 h of
admission (10). We excluded any patient who had confounding
illness that with potential impact on white blood cell counts such
as systemic infection. We also excluded patients who had any
form of immunotherapy prior to sampling. We noted patients
who had generalized convulsive seizure activity within 12 h
before sampling but did not exclude them from the cohort.

Treatments

Immunotherapies were classified as first line (corticosteroids,
intravenous immunoglobulin, plasma exchange) or second line
(e.g. rituximab, cyclophosphamide) as previously described (16).
Steroid sparing agents included mycophenolate mofetil,
azathioprine, and methotrexate. We defined treatment failure
as lack of improvement in the mRS by 1 or more point in the first
4 weeks of treatment initiation. This was based on conventions
adopted in major publications in this field (16, 17).
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Clinical Outcomes

The primary endpoints were functional outcome [as assessed by
the mRS (18)] at 12 months, mRS at longest follow-up, and
mortality (both in hospital and at any point after symptom
onset). If the mRS was not detailed at follow-up, it was
determined retrospectively based on the case notes. A good
outcome was described as an mRS of 2 or less (functional
independence), consistent with most prior publications (16,
19-22). Secondary outcomes were failure of first line treatment,
ICU admission during initial presentation, and clinical relapse.
Follow-up was determined from the time of diagnosis. We
documented the presence of relapse, which was defined as the
re-occurrence of seizures, worsening reported cognitive deficits
or worsening mRS (of 1 point or more) after a 1-month period of
stabilization [adapted from reference (16)].

Statistical Analysis

Baseline demographic, clinical, and paraclinical data were
compared using summary statistics. A composite group
containing all non-NMDAR patients was generated to
compare against the NMDAR group. Outcomes were

compared between these groups using Fischer’s exact test.
Mann Whitney U test was used to compare the length of
follow-up between the groups. The MLR values of the cohort
were heavily right-skewed, so we performed a Box-Cox
transformation using a A of 0.5 to normalize the data (Shapiro-
Wilk test 0.163). This variable was named “MLR transformed.”

Univariate logistic regression analyses were performed to
determine correlations between selected covariates (including
NLR and MLR) and the time-independent outcomes (mRS at 12
months, ICU admission, first line treatment failure). Univariate
Cox regression analyses were performed to similarly examine the
time-dependent outcomes (mortality, final mRS, relapse). For
the purpose of the Cox regression analyses, patients that died
during their initial inpatient admission were defined as having
follow-up of 0 days. Clinically or statistically relevant variables
from univariate analyses were used in the relevant multivariable
logistic and Cox regression models, depending on the outcome of
interest. Acknowledging the differences between the NMDAR
group and all others (Tables 1 and 2), NMDAR serostatus was
added as a covariate in the multivariable regressions (with the
exception of the mortality and relapse regressions, as no patient

TABLE 1 | Demographic, clinical, paraclinical, and treatment data for each antibody subtype.

All cases NMDAR Non-NMDAR LGI1 CASPR2 AMPAR GABAbR IgLON5
N 57 29 28 19 4 3 1 1
Female (%) 57.9 79.3 35.7 421 0 33.3 100 0
Age in years (median, range) 55 (16-85) 28 (16-85) 66 (19-81) 67 (50-81) 67.5 (65-72) 59 (19-68) 68 64
Tumor (%) 0(0-2) 27.6 10.7 (p = 0.179) 0 0 66.7 100 0
Tumor type (n) Ovarian teratoma (8) Ewing’s sarcoma (1), Lung (1)

medullary thyroid (1)

Median titer 489 333.5
(pM, Serum)
Abnormal CSF 42 (79.2) 23 (82.1) 19 (76) 10 (62.5) 4 (100) 3 (100) 1 (100) 1(100)
(n, %)
Abnormal MRI 17 (34.7) 4 (16.7) 13 (52) 10 (568.8) 1(33.9) 2 (66.7) 0 0
(n, %)
Treated (n, %) 56 (98.2) 28 (96.6) 28 (100) 19 (100) 4 (100) 3 (100) 1(100) 1(100)

AMPAR, o-Amino-3-hydroxy-5-Methyl-4-isoxazolepropionic Acid Receptor; Caspr2, Contactin-Associated Protein-like 2; CSF, Cerebrospinal Fluid; GABAgR, yAminobutyric Acid

Receptor B; LGI1, Leucine-rich Glioma-Inactivated protein 1; MRI, Magnetic Resonance Imaging; mRS, modified Rankin Scale; NMDAR, N-Methyl-p-Aspartate Receptor.

TABLE 2 | Median and range of immune cell subsets and ratios for each antibody subtype.

All cases NMDAR Non-NMDAR LG CASPR2 AMPAR GABAbR
Total WCC, x10° cells/L 8.65 (3.9) 8.6 (2.5) 8.7 (4.7) (p=0.750) 8.1 (4.6) 95 5.1 11.3
(median, IQR)
Neutrophils, x10° cells/L 5.94 (3.3) 6.1 (2.9 5.5 (3.55) (p=0.239) 5.4 (3.8 6 35 9.4
(median, IQR)
Monocytes, x10° cells/L 0.7 (0.4) 0.6 (0.4) 0.7 (0.4) (p=0.981) 0.7 (0.4) 1 0.2 0.4
(median, IQR)
Lymphocytes, x10° cells/L 1.4(1.1) 1.5 (0.76) 1.4 (1.3) (p=0.786) 1.1 (0.9 2.3 0.8 1.49
(median, IQR)
NLR 4.27 (4.00) 4.51 (4.25) 4.00 (8.71) (p = 0.300) 4.20 (3.47) 2.50 5.00 6.28
(median, IQR)
MLR 0.46 (0.38) 0.47 (0.41) 0.45(0.35) (p =0.795) 0.49 (0.32) 0.42 0.25 0.27
(median, IQR)

AMPAR, a-Amino-3-hydroxy-5-Methyl-4-isoxazolepropionic Acid Receptor; Caspr2, Contactin-Associated Protein-like 2; GABAgR, ¥Aminobutyric Acid Receptor B; IQR, interquartile
range; LGI1, Leucine-rich Glioma-Inactivated protein 1; MLR, Monocyte-to-Lymphocyte Ratio; mRS, modified Rankin Scale; NLR, Neutrophil-to-Lymphocyte Ratio; NMDAR, N-Methyl-p-

Aspartate Receptor; WCC, White Cell Count.
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with anti-NMDAR antibody-mediated encephalitis died and the
two that relapsed did not have adequate blood samples). Patients
with inadequate full blood examination were excluded from the
regression analyses. Patients lost to follow-up were also excluded
from analyses of post-discharge outcomes (mRS, mortality, and
relapse). The cut-off for significance was a p-value less than 0.05.
SPSS (IBM Corporation, version 26) was used for all
statistical analyses.

RESULTS

There were 57 patients that met our inclusion criteria. Cases with
antibodies to the NMDAR were the largest overall constituent
with 29 subjects. There were no patients with both LGI1 and
CASPR?2 antibodies, and there were only single cases with either
Y-Aminobutyric Acid Receptor B (GABADb) or IgLONS5
antibodies. We replicated prior data that adult anti-NMDAR
antibody-mediated encephalitis is typically a disease of young
females. Baseline demographic, clinical, paraclinical, and
treatment data is shown in Table 1. An underlying neoplasm
was found in 27.6% of NMDAR cases, all of which were ovarian
teratomas. By comparison, patients withLGI1 or CASPR2
antibodies had no tumor diagnoses. Most people were treated
with first line immunotherapy in the form of corticosteroids,
intravenous immunoglobulin (IVIg), plasma exchange, or a
combination thereof. There was only one patient that was
untreated. According to the case notes, this patient was
diagnosed in clinic with anti-NMDAR AE after the antibody
result returned sometime after her discharge. There was a
considerable delay to her follow-up, and by the time she was
seen her symptoms had significantly improved and the treating
team elected not to pursue immunotherapy. Twenty-five patients
(43.9%) went on to have second line immunotherapy, while
15.7% of those who were followed-up received steroid-sparing
agents during the follow-up period.

There were 12 cases that did not have an adequate full blood
examination for our analysis, either because the result was
unavailable or they had immunotherapy treatment prior (eight
NMDAR, two LGI1, one CASPR2, one IgLONS5). No patients
had concomitant illness at the time of sampling, and therefore
none were excluded on these grounds. The immune cell counts
were similar between the NMDAR and Non-NMDAR patients
(Table 2). NLR was higher in treatment non-responders than in
responders (median 6.03 vs 4.02, Figure 1).

Five patients were lost to follow-up after hospital discharge
(four NMDAR, one LGI1). The median duration of follow-up for
the remaining 52 patients was 700 days (1.92 years), which was
not different between the subgroups. Morbidity, follow-up, and
outcome data were notable for significantly higher rates of ICU
admission and mechanical ventilation amongst anti-NMDAR
antibody-mediated encephalitis patients compared to those in
the Non-NMDAR group (Table 3). The most common
indications for ICU admission were behavioral disturbance or
reduced conscious state. There was only one patient with anti-
NMDAR antibody-mediated encephalitis with status epilepticus,
and long-term outcomes in patients in this AE subset were
generally good with no deaths. Poor functional outcome (as
defined by mRS >3) at final follow-up occurred in a single patient
with NMDAR AE. At the age of 85, this subject was the oldest in
the NMDAR cohort. The non-NMDAR group had a lower rate
of good functional outcome and higher mortality rate. At last
follow-up, the single patient with GABADb encephalitis was
deteriorating rapidly and not responding to immunotherapy
with corticosteroids, intravenous immunoglobulin, and
rituximab. Her expected prognosis was very poor, however she
was lost to follow-up at 12 months. Rates of relapse and first line
treatment response were no different between the groups. No
patient with a tumor relapsed.

On univariate analysis, younger age, female sex, and
failure of first line treatment were associated with ICU
admission (Table 4). Interestingly, treatment delay did

30

25

20

Neutrophilto-Lymphocyte Ratio (NLR)

First line treatment successful

FIGURE 1 | Box and whisker plots showing the median NLR in responders to first line treatment (4.02) vs non-responders (6.03). NLR, Neutrophil-to-Lymphocyte Ratio.
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TABLE 3 | Morbidity, follow-up, and outcome data for each antibody subtype.

All NMDAR Non-NMDAR LGI1 CASPR2 AMPAR GABADbR IgLONS

cases

ICU admission 19 15 (53.6) 4 (15.4) 2(11.1) 1(25) 0 1 (100)

(n, %) (85.2) (p = 0.004)

Mechanical ventilation 14 11 (39.3) 3(11.5) 1(5.6) 1 (25) 0 1 (100)

(n, %) (25.9) (p = 0.030)

Response to first line 26 12 (50) 14 11 (68.8) 2 (50) 1(50) 0

treatment (n, %) (65.3) (60.9) (p=0.561)

Mortality (n, %) 5(8.8) 0 5 2 (10.5) 0 2 (66.7) 0 1(100)

(17.9) (p =0.023)
Cause of death (n) Pneumonia (1), Upper Gl bleed (1), Type 2 respiratory
cardiac arrest (1) cancer (1) failure (1)

12-month mRS <3 (n, %) 26 13 (81.3) 13 (72.2) 8 (72.7) 3 (100) 1 (50) 0 1(100)
(76.5) (p =0.693)

Final mRS <3 (n, %) 43 24 (96) 19 (70.4) 14 (77.8) 4 (100) 1(33.3) 0 0
(82.7) (p = 0.025)

Relapse (n, %) 8 2(8) 3(23.1) 5 (29.4) 1(25) 0 0 0
(15.7) (p =0.248)

Follow-up, days 700 865 (993) 585 (660) 510 (826) 810 455 365 1,035

(median, IQR) (880) (p=0.155) (784)

Data is missing for the IgLON5 subset as we did not have access to that information. Statistics are performed comparing the NMDAR group against a set containing all other cases (non-
NMDAR). Significant values (p < 0.05) are highlighted in bold. AMPAR, a-Amino-3-hydroxy-5-Methyl-4-isoxazolepropionic Acid Receptor; Caspr2, Contactin-Associated Protein-like 2;
GABAgR, »Aminobutyric Acid Receptor B; Gl, Gastrointestinal; ICU, Intensive Care Unit; IQR, interquartile range; LGI1, Leucine-rich Glioma-Inactivated protein 1; mRS, modified Rankin
Scale; NMDAR, N-Methyl-p-Aspartate Receptor; STEMI, ST-Elevation Myocardial Infarction.

TABLE 4 | Univariable logistic regression analysis for the whole cohort.

Mortality mRS <2 at 12-months mRS <2 at final ICU admission Failure of first line treatment Relapse
Age (years) 1.03 [0.98-1.08] 0.95 [0.91-0.99] 1.01 [0.99-1.02] 0.96 [0.94-0.99] 0.99 [0.96-1.01] 1.03 [0.99-1.08]
(p =0.199) (p = 0.047) (p = 0.525) (p = 0.014) (p = 0.305) (p=0.111)
Sex (Ref: female) 6.07 [0.67-54.8] 1.22 [0.24-6.23] 1.09 [0.58-2.06] 0.10 [0.02-0.50] 0.58 [0.18-1.92] 8.76 [1.05-73.0]
(p =0.108) (p = 0.809) (p =0.784) (p = 0.005) (p =0.375) (p = 0.045)
Tumor 1.09 [0.12-9.80] 1.21 [0.03-1.41] 1.01[0.47-2.20] 2.77 [0.72-10.7] 1.29 [0.28-5.94] 0.04 [0.00-163]
(p =0.936) (p =0.110) (p =0.972) (p = 0.140) (p =0.740) (p =0.441)
Treatment delay (days) 0.99 [0.97-1.01] 1.04 [0.99-1.09] 1.00 [0.99-1.00] 1.00 [0.99-1.00] 1.00 [0.99-1.01] 1.00 [1.00-1.01]
(p =0.434) (p =0.135) (p = 0.963) (p = 0.245) (p =0.587) (p=0.372)
Failure of first line 68.3 [0.01- 0.217 [0.03-1.36] 0.55[0.28-1.10] 7.88 [1.95-31.7] - 0.20 [0.02-1.85]
treatment 740971] (p =0.102) (p = 0.091) (p = 0.004) (p=0.157)
(p =0.373)
Total WCC (x10° cells/L) 1.02 [0.86-1.26] 1.07 [0.87-1.32] 0.98 [0.90-1.06] 1.06 [0.91-1.23] 1.09 [0.92-1.29] 0.95 [0.76-1.20]
(p =0.838) (p =0.510) (p = 0.540) (p =0.482) (p=0.318) (p=0.671)
Neutrophils (x10° cells/L) 1.06 [0.86-1.30] 1.04 [0.84-1.28] 0.96 [0.87-1.05] 1.10[0.93-1.31] 1.16 [0.57-1.43] 0.84 [0.57-1.23]
(p = 0.598) (p =0.738) (p = 0.355) (p =0.282) (p =0.150) (p =0.371)
Monocytes (x10° cells/L) 0.65 [0.03-16.7] 6.69 [0.27-166.4] 1.156[0.51-2.61] 0.89 [0.13-6.21] 0.26 [0.03-2.69] 1.92 [0.32-11.4]
(p = 0.794) (p = 0.246) (p =0.739) (p = 0.903) (p =0.257) (p=0.472)
Lymphocytes (x10° cells/L) 0.28 [0.05-1.79] 4.59 [0.93-22.6] 1.48 [0.91-2.40] 0.67 [0.29-1.58] 0.58 [0.23-1.45] 2.76 [0.87-8.77]
(p=0.179) (p =0.061) (p=0.113) (p = 0.359) (p =0.241) (p =0.085)
NLR 1.12[1.01-1.25] 0.92 [0.79-1.07] 0.89 [0.78-1.01] 1.04 [0.91-1.19] 1.27 [1.01-1.60] 0.61 [0.30-1.24]
(p =0.041) (p = 0.295) (p = 0.059) (p = 0.536) (p = 0.043) (p=0.172)
MLR transformed 68.6 [3.36-1,403] 0.13[0.01-2.18] 0.28 [0.05-1.67] 1.37 [0.16-11.8] 2.32 [0.24-22.4] 0.267 [0.00-
(p =0.006) (p =0.158) (p =0.162) (p=0.777) (p =0.467) 31.9]
(p =0.584)

Odds ratios, hazard ratios, 95% confidence intervals, and their respective p-values are shown for all correlations. Significant values (p < 0.05) are highlighted in bold. ICU, Intensive Care
Unit; MLR, Monocyte-to-Lymphocyte Ratio; mRS, modified Rankin Scale; NLR, Neutrophil-to-Lymphocyte Ratio; WCC, White Cell Count.

not have any significant relationship with an outcome.
Increasing NLR was associated with greater odds of first line
treatment failure (OR 1.27, 95% CI 1.01-1.60, p = 0.043) and
mortality (OR 1.12, 95% CI 1.01-1.25, p = 0.041). Males
had increased odds of relapse (HR 8.76, 95% CI 1.05-73.0,

p = 0.045).

Accounting for patients with inadequate blood samples (12
patients) and those lost to follow-up (an additional 4 patients),
the final multivariable regression model was performed in 45
patients for in-hospital outcomes (treatment failure and ICU
admission) and 41 patients for long-term outcomes (mRS,

mortality, and relapse). The multivariable regression analysis
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TABLE 5 | Multivariable logistic regression analysis for NLR for the whole cohort.

Mortality mRS <2 at 12-months mRS <2 at final ICU admission Failure of first line treatment Relapse
NMDAR serostatus (Ref: - 7.93 [0.25-249.2] 0.84 [0.22-3.16] 0.32 [0.02-5.04] 1.27 [0.12-13.6] -
positive) (p = 0.239) (p =0.972) (p =0.421) (p = 0.842)
Age 1.08 [0.96-1.22] 0.92 [0.84-0.99] 1.02 [0.98-1.05] 0.98 [0.92-1.05] 0.99 [0.93-1.04] 1.06 [0.98-1.15]
(p =0.183) (p = 0.044) (p=0.311) (p =0.610) (p =0.575) (p=0.164)
Sex (Ref: female) 82.6 [0.50-13595] 1.20 [0.12-11.9] 0.86 [0.29-2.62] 0.16 [0.02-1.29] 0.53 [0.08-3.42] 1.38 [0.07-28.0]
(p = 0.090) (p =0.875) (p =0.796) (p = 0.085) (p = 0.506) (p =0.834)
Tumor 188.2 [0.15— - 1.57 [0.48-5.10] - - -
237568] (p = 0.454)
(p=0.151)
Treatment delay (days) 0.97 [0.93-1.01] - 1.00 [0.99-1.00] - 1.00 [0.99-1.01] 1.00 [0.99-1.01]
(p=0.184) (p = 0.999) (p = 0.448) (p=0.815)
First line treatment failure - - - 11.4 [1.52-86.2] - -
(p = 0.018)
NLR 1.54 [0.99-2.38] 0.91 [0.76-1.09] 0.87 [0.75-1.00] 0.96 [0.81-1.13] 1.32 [1.01-1.74] 0.74 [0.33-1.66]
(p = 0.055) (p =0.316) (p = 0.053) (p = 0.596) (p = 0.044) (p =0.470)

Odds ratios, hazard ratios, 95% confidence intervals, and their respective p-values are shown for all correlations. Significant values (p < 0.05) are highlighted in bold. ICU, Intensive Care
Unit; MLR, Monocyte-to-Lymphocyte Ratio; mRS, modified Rankin Scale; NLR, Neutrophil-to-Lymphocyte Ratio; WCC, White Cell Count.

TABLE 6 | Multivariable logistic regression analysis for MLR transformed for the whole cohort.

Mortality mRS <2 at 12-months mRS <2 at final ICU admission Failure of first line treatment Relapse
NMDAR serostatus (Ref: - 10.1 [0.30-339.5] 0.76 [0.21-2.80] 0.30 [0.02-4.71] 1.38[0.17-11.2] -
positive) (p =0.199) (p = 0.680) (p = 0.394) (p =0.764)
Age 1.03 [0.94-1.12] 0.91 [0.83-0.99] 1.02 [0.99-1.05] 0.98 [0.92-1.05] 0.98 [0.94-1.03] 1.07 [0.99-1.16]
(p = 0.593) (p = 0.038) (p =0.248) (p = 0.605) (p =0.519) (p = 0.089)
Sex (Ref: female) 15.5 [0.69-349.1] 1.48 [0.14-15.2] 0.92 [0.34-2.50] 0.17 [0.02-1.40] 0.65 [0.14-3.06] 7341 [0.13-24.0]
(p = 0.084) (p=0.741) (p =0.865) (p = 0.100) (p = 0.585) (p =0.682)
Tumor 10.6 [0.16-703.4] - 1.42 [0.45-4.51] - - -
(p = 0.269) (p = 0.555)
Treatment delay (days) 0.99 [0.96-1.02] - 1.00 [1.00-1.01] - 1.00 [0.99-1.01] 1.00 [0.99-1.01]
(p = 0.356) (p =0.948) (p =0.792) (p =0.882)
First line treatment failure - . - 9.52 [1.47- - -
61.6]
(p = 0.018)
MLR transformed 4.45 [0.76-25.5] 0.37 [0.06-2.13] 0.56 [0.27-1.14] 1.00 [0.30-3.40] 1.22 [0.46-3.24] 0.24 [0.01-4.13]
(p = 0.094) (p = 0.265) (p=0.110) (p = 0.998) (p = 0.687) (p = 0.329)

Odds ratios, hazard ratios, 95% confidence intervals, and their respective p-values are shown for all correlations. Significant values (p < 0.05) are highlighted in bold. ICU, Intensive Care
Unit; MLR, Monocyte-to-Lymphocyte Ratio; mRS, modified Rankin Scale; NLR, Neutrophil-to-Lymphocyte Ratio; WCC, White Cell Count.

showed that age was associated with worse 12-month functional
outcomes, but not long-term mRS (Tables 5 and 6). First line
treatment failure corresponded with increased odds of ICU
admission. Higher NLR had a significant relationship with
failure of first line immunotherapy (OR 1.32, 95% CI 1.01-
1.74, p = 0.044). Transformed MLR, NMDAR serostatus, sex, the
presence of tumor, and delay in treatment were not related to any
of our outcomes.

DISCUSSION

Our study examines the role of peripheral blood immune cell
counts and ratios as a prognostic biomarker in AE. High NLR at
the time of hospital admission may predict an increased chance
of first line treatment failure. MLR was not associated with
any outcome.

The NLR was first introduced to AE research in 2019 (23). It
was found that 34 cases of AE with neuronal cell surface

autoantibodies had a significantly higher median NLR compared
to 35 healthy controls. In this study, higher NLR was associated
with higher mRS at the time of admission both in the whole AE
cohort and the anti-NMDAR subset. The optimal cut-off to
predict severe disability (mRS >2) was an NLR >4.82 (AUC
0.875). A subsequent study examined a group of 50 AE cases
and their long-term functional outcomes (10). The investigators
found that after a median of 11 months follow-up, the NLR on
admission was associated with higher odds of mRS >1 (OR 2.17,
95% CI 1.03-4.57). Interestingly, more than 60% of the study
participants reached mRS <1 while only 40% of the cohort were
treated with immunotherapy. In this cohort, the vast majority of
the participants had no detectable diagnostic antibody (82%), and
half the total cohort only met criteria for possible rather than
definite AE. The optimal NLR value to predict mRS >1 was
identified as 4.45 (AUC 0.866). A third retrospective study of 29
patients with anti-NMDAR encephalitis found that the median
NLR was significantly higher in non-responders to first line
immunotherapy than in responders, both before (4.10 vs 2.39)

Frontiers in Immunology | www.frontiersin.org

January 2021 | Volume 11 | Article 597858


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Broadley et al.

Autoimmune Encephalitis Prognostication

and after (4.14 vs 2.62) treatment (11). The results from our study
support the above observations, with 1.3-fold increase in odds of
treatment failure for every rise in the NLR by 1 unit. Our study did
not find a relationship between NLR and mRS as was reported in a
previous study (10). This discrepancy could be due to differences
in the study cohort or outcome definitions as described above. In
our study, we explored a potential novel immunological
prognostic biomarker, MLR. The transformed (normalized)
MLR had no relationship with clinical outcomes.

While AE with neuronal cell surface antibodies is currently
considered to be largely mediated by adaptive immunity, the
exact underlying immunopathological mechanisms behind
immune activation and propagation are currently not fully
understood. Similarly, MS was traditionally considered to be a
disease of adaptive immunity, however there are several robust
and large studies that find NLR and MLR to be biomarkers of
long-term prognosis in MS. NLR has also been shown to be a
biomarker for disease activity in many other conditions,
including systemic lupus erythematosus (5), ulcerative colitis
(2), and rheumatoid arthritis (4). A detailed review describes
potential roles for innate immune cells, cytokines, and
chemokines in AE (1), and highlights some of the gaps in
understanding this area. Hence, we believe NLR would serve as
a potential biomarker in AE through a novel concept, requiring
further investigation. The exact pathophysiological mechanism
that underpins the relationship between NLR and first line
treatment failure in this study is unclear. Neutrophils are an
essential part of the early inflammatory cascade, and contribute
to breakdown of the blood-brain barrier (24, 25). We
hypothesize that dysregulated innate immune activation,
increased circulating neutrophils and sequestration of
lymphocytes are indicative of a heightened inflammatory
response. Hence NLR may be representative of disease activity,
as suggested in a prior study (23).

As expected, older age was associated with poorer 12-month
functional outcomes however was not predictive of mortality,
likely because death was uncommon. It was also interesting to
note that time to immunotherapy, a well-established marker of
poor prognosis, was not related to any of any of the outcomes in
our cohort. It is possible that this reflects evolving clinical
practice over time compared to previous studies. Early
recognition and treatment of AE, including prompt escalation
to second line immunotherapy, are now commonplace and long
treatment delays are therefore very uncommon. We found a
significant relationship between ICU admission and first-line
treatment failure. It is important to highlight that most of these
patients were already admitted to intensive care when their
treatment failed. This implies that critical illness was an
inevitable part of the disease history and not a result of poor
responsiveness to immunotherapy.

The use of the mRS to assess neurological outcome after AE is
a limitation. This scale was originally developed and validated to
assess neurological outcomes after stroke, and is therefore
heavily weighted towards physical disability (18). In lieu of
another tool to examine neurological outcomes in AE, the
literature has largely adopted the mRS to describe long-term

sequelae (26). One of the key advantages of the mRS is that it is
straightforward and can be applied retrospectively. However,
mRS does not reflect some of the neurological sequelae of AE,
such as drug-resistant epilepsy, mood disorders, or cognitive
impairment. As a result, mRS may be insensitive to meaningful
improvements in neurological status after AE. Tools that might
be better suited to demonstrate disease-specific outcomes, such
as cognitive scores, quality of life or productivity measure were
not available in this retrospective study. This demonstrates the
need for on prospectively designed observational studies which
include more appropriate and disease-tailored outcome
measures. One example is the Clinical Assessment Scale in
Autoimmune Encephalitis (CASE) (27), which evaluates many
domains affected by AE. It was found to have strong inter-
observer reliability and is also correlated with mRS. Ideally,
comprehensive evaluation of patients with AE should include
assessment of cognitive function, productivity, and quality of life.
Retrospective design and limited case numbers are other
limitations of this study.

Our study was also limited to cases with neuronal cell surface
antibodies, where neuronal dysfunction is thought to be largely
antibody-mediated (28). It is possible that studies in NLR and
MLR could be more informative in cases with intracellular
autoantibodies, which are thought to be predominantly T-cell
mediated immune response and are characterized pathologically
by high numbers of infiltrating macrophages and microglial
cells (28).

CONCLUSION

Our data indicates that the NLR represents a valuable biomarker
that contributes to the prognostic information with regards to
response to first-line therapy. This information has important
clinical implications; possibly suggesting that physicians
should have a lower threshold for initiation of second-line
immunotherapy in patients with a high NLR. This may give
rise to future treatment guidelines but warrants further
investigation. MLR was not seen to have a relationship with
any outcome in this small study.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary materials. Further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Melbourne Health Human Research Ethics
Committee. Written informed consent for participation was
not required for this study in accordance with the national
legislation and the institutional requirements.

Frontiers in Immunology | www.frontiersin.org

January 2021 | Volume 11 | Article 597858


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Broadley et al.

Autoimmune Encephalitis Prognostication

AUTHOR CONTRIBUTIONS

JB: Study concept and design, data collection, data interpretation
and statistics, drafted the manuscript. RW: Data collection,
revised the manuscript for intellectual content. US: Revised the
manuscript for intellectual content. CK: Data collection, revised
the manuscript for intellectual content. PB: Data collection,
revised the manuscript for intellectual content. KB: Data
collection, revised the manuscript for intellectual content. CN:
Data collection, revised the manuscript for intellectual content.
WD’S: Revised the manuscript for intellectual content. AB: Data
collection, revised the manuscript for intellectual content. TK:
Revised the manuscript for intellectual content, revised statistical

REFERENCES

1. Wesselingh R, Butzkueven H, Buzzard K, Tarlinton D, O’Brien TJ, Monif M.
Innate Immunity in the Central Nervous System: A Missing Piece of the
Autoimmune Encephalitis Puzzle? Front Immunol (2019) 10:2066. doi:
10.3389/fimmu.2019.02066

2. Celikbilek M, Dogan S, Ozbakir O, Zararsiz G, Kucuk H, Gursoy S, et al.
Neutrophil-lymphocyte ratio as a predictor of disease severity in ulcerative
colitis. J Clin Lab Anal (2013) 27(1):72-6. doi: 10.1002/jcla.21564

3. Hu ZD, Sun Y, Guo J, Huang YL, Qin BD, Gao Q, et al. Red blood cell
distribution width and neutrophil/lymphocyte ratio are positively correlated
with disease activity in primary Sjogren’s syndrome. Clin Biochem (2014) 47
(18):287-90. doi: 10.1016/j.clinbiochem.2014.08.022

4. Mercan R, Bitik B, Tufan A, Bozbulut UB, Atas N, Ozturk MA, et al. The
Association Between Neutrophil/Lymphocyte Ratio and Disease Activity in
Rheumatoid Arthritis and Ankylosing Spondylitis. J Clin Lab Anal (2016) 30
(5):597-601. doi: 10.1002/jcla.21908

5. Qin B, Ma N, Tang Q, Wei T, Yang M, Fu H, et al. Neutrophil to lymphocyte
ratio (NLR) and platelet to lymphocyte ratio (PLR) were useful markers in
assessment of inflammatory response and disease activity in SLE patients.
Mod Rheumatol (2016) 26(3):372-6. doi: 10.3109/14397595.2015.1091136

6. Rifaioglu EN, Bulbul Sen B, Ekiz O, Cigdem Dogramaci A. Neutrophil to
lymphocyte ratio in Behcet’s disease as a marker of disease activity. Acta
Dermatovenerol Alp Pannonica Adriat (2014) 23(4):65-7. doi: 10.15570/
actaapa.2014.16

7. Demirci S, Demirci S, Kutluhan S, Koyuncuoglu HR, Yurekli VA. The clinical
significance of the neutrophil-to-lymphocyte ratio in multiple sclerosis. Int ]
Neurosci (2016) 126(8):700-6. doi: 10.3109/00207454.2015.1050492

8. Guzel I, Mungan S, Oztekin ZN, Ak F. Is there an association between the
Expanded Disability Status Scale and inflammatory markers in multiple
sclerosis? J Chin Med Assoc (2016) 79(2):54-7. doi: 10.1016/
j.jcma.2015.08.010

9. Hemond CC, Glanz BI, Bakshi R, Chitnis T, Healy BC. The neutrophil-to-
lymphocyte and monocyte-to-lymphocyte ratios are independently associated
with neurological disability and brain atrophy in multiple sclerosis. BMC
Neurol (2019) 19(1):23. doi: 10.1186/s12883-019-1245-2

10. Qiu X, Zhang H, Li D, Wang J, Jiang Z, Zhou Y, et al. Analysis of Clinical
Characteristics and Poor Prognostic Predictors in Patients With an Initial
Diagnosis of Autoimmune Encephalitis. Front Immunol (2019) 10:1286. doi:
10.3389/fimmu.2019.01286

11. Zhang X, Wang C, Zhu W, Wang B, Liang H, Guo S. Factors Affecting the
Response to First-Line Treatments in Patients with Anti-N-Methyl-D-
Aspartate Receptor Encephalitis. J Clin Neurol (2019) 15(3):369-75. doi:
10.3988/jcn.2019.15.3.369

12. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al. The
REDCap consortium: Building an international community of software
platform partners. J BioMed Inform (2019) 95:103208. doi: 10.1016/
j.jbi.2019.103208

13. Harris PA, Taylor R, Thielke R, Payne ], Gonzalez N, Conde JG. Research
electronic data capture (REDCap)-a metadata-driven methodology and

design. HB: Revised the manuscript for intellectual content.
TO’B: Study concept and design, revised the manuscript for
intellectual content. MM: Study concept and design, data
interpretation and statistics, revised the manuscript for
intellectual content. All authors contributed to the article and
approved the submitted version.

ACKNOWLEDGMENTS

The authors acknowledge members of the Australian
Autoimmune Encephalitis Consortium for their continued
support in pursuit of this research.

workflow process for providing translational research informatics support.
] BioMed Inform (2009) 42(2):377-81. doi: 10.1016/j.jbi.2008.08.010

14. Graus F, Titulaer MJ, Balu R, Benseler S, Bien CG, Cellucci T, et al. A clinical
approach to diagnosis of autoimmune encephalitis. Lancet Neurol (2016) 15
(4):391-404. doi: 10.1016/S1474-4422(15)00401-9

15. Heine J, Pruss H, Bartsch T, Ploner CJ, Paul F, Finke C. Imaging of
autoimmune encephalitis—Relevance for clinical practice and hippocampal
function. Neuroscience (2015) 309:68-83. doi: 10.1016/j.neuroscience.
2015.05.037

16. Titulaer MJ, McCracken L, Gabilondo I, Armangue T, Glaser C, Iizuka T, et al.
Treatment and prognostic factors for long-term outcome in patients with
anti-NMDA receptor encephalitis: an observational cohort study. Lancet
Neurol (2013) 12(2):157-65. doi: 10.1016/S1474-4422(12)70310-1

17. Balu R, McCracken L, Lancaster E, Graus F, Dalmau J, Titulaer MJ. A score
that predicts 1-year functional status in patients with anti-NMDA receptor
encephalitis. Neurology (2019) 92(3):e244-e52. doi: 10.1212/WNL.000
0000000006783

18. van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn J.
Interobserver agreement for the assessment of handicap in stroke patients.
Stroke (1988) 19(5):604-7. doi: 10.1161/01.STR.19.5.604

19. Lee WJ, Lee ST, Byun JI, Sunwoo JS, Kim TJ, Lim JA, et al. Rituximab
treatment for autoimmune limbic encephalitis in an institutional cohort.
Neurology (2016) 86(18):1683-91. doi: 10.1212/WNL.0000000000002635

20. Lee WJ, Lee ST, Moon J, Sunwoo JS, Byun JI, Lim JA, et al. Tocilizumab in
Autoimmune Encephalitis Refractory to Rituximab: An Institutional Cohort
Study. Neurotherapeutics (2016) 13(4):824-32. doi: 10.1007/s13311-016-
0442-6

21. de Montmollin E, Demeret S, Brule N, Conrad M, Dailler F, Lerolle N, et al.
Anti-N-Methyl-d-Aspartate Receptor Encephalitis in Adult Patients
Requiring Intensive Care. Am ] Respir Crit Care Med (2017) 195(4):491-9.
doi: 10.1164/rccm.201603-05070C

22. Titulaer MJ, McCracken L, Gabilondo I, lizuka T, Kawachi I, Bataller L, et al.
Late-onset anti-NMDA receptor encephalitis. Neurology (2013) 81(12):1058—
63. doi: 10.1212/WNL.0b013e3182a4a49c

23. Zeng Z, Wang C, Wang B, Wang N, Yang Y, Guo S, et al. Prediction of
neutrophil-to-lymphocyte ratio in the diagnosis and progression of
autoimmune encephalitis. Neurosci Lett (2019) 694:129-35. doi: 10.1016/
j.neulet.2018.12.003

24. Zhao Y, Marion TN, Wang Q. Multifaceted Roles of Neutrophils in
Autoimmune Diseases. ] Immunol Res (2019) 2019:7896738. doi: 10.1155/
2019/7896738

25. De Bondt M, Hellings N, Opdenakker G, Struyf S. Neutrophils:
Underestimated Players in the Pathogenesis of Multiple Sclerosis (MS). Int
J Mol Sci (2020) 21(12):4558-59. doi: 10.3390/ijms21124558

26. Broadley J, Seneviratne U, Beech P, Buzzard K, Butzkueven H, O’Brien T, et al.
Prognosticating autoimmune encephalitis: A systematic review. ] Autoimmun
(2019) 96:24-34. doi: 10.1016/j.jaut.2018.10.014

27. Lim JA, Lee ST, Moon J, Jun JS, Kim TJ, Shin YW, et al. Development of the
clinical assessment scale in autoimmune encephalitis. Ann Neurol (2019) 85
(3):352-8. doi: 10.1002/ana.25421

Frontiers in Immunology | www.frontiersin.org

January 2021 | Volume 11 | Article 597858


https://doi.org/10.3389/fimmu.2019.02066
https://doi.org/10.1002/jcla.21564
https://doi.org/10.1016/j.clinbiochem.2014.08.022
https://doi.org/10.1002/jcla.21908
https://doi.org/10.3109/14397595.2015.1091136
https://doi.org/10.15570/actaapa.2014.16
https://doi.org/10.15570/actaapa.2014.16
https://doi.org/10.3109/00207454.2015.1050492
https://doi.org/10.1016/j.jcma.2015.08.010
https://doi.org/10.1016/j.jcma.2015.08.010
https://doi.org/10.1186/s12883-019-1245-2
https://doi.org/10.3389/fimmu.2019.01286
https://doi.org/10.3988/jcn.2019.15.3.369
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/S1474-4422(15)00401-9
https://doi.org/10.1016/j.neuroscience.2015.05.037
https://doi.org/10.1016/j.neuroscience.2015.05.037
https://doi.org/10.1016/S1474-4422(12)70310-1
https://doi.org/10.1212/WNL.0000000000006783
https://doi.org/10.1212/WNL.0000000000006783
https://doi.org/10.1161/01.STR.19.5.604
https://doi.org/10.1212/WNL.0000000000002635
https://doi.org/10.1007/s13311-016-0442-6
https://doi.org/10.1007/s13311-016-0442-6
https://doi.org/10.1164/rccm.201603-0507OC
https://doi.org/10.1212/WNL.0b013e3182a4a49c
https://doi.org/10.1016/j.neulet.2018.12.003
https://doi.org/10.1016/j.neulet.2018.12.003
https://doi.org/10.1155/2019/7896738
https://doi.org/10.1155/2019/7896738
https://doi.org/10.3390/ijms21124558
https://doi.org/10.1016/j.jaut.2018.10.014
https://doi.org/10.1002/ana.25421
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Broadley et al.

Autoimmune Encephalitis Prognostication

28. Bien CG, Vincent A, Barnett MH, Becker AJ, Blumcke I, Graus F, et al.
Immunopathology of autoantibody-associated encephalitides: clues for
pathogenesis. Brain (2012) 135(Pt 5):1622-38. doi: 10.1093/brain/aws082

Conflict of Interest: WD’S’s salary is part-funded by The University of
Melbourne. He has received travel, investigator-initiated, scientific advisory
board and speaker honoraria from UCB Pharma Australia & Global;
investigator-initiated, scientific advisory board, travel and speaker honoraria
from Eisai Australia & Global; advisory board honoraria from Liva Nova;
educational grants from Novartis Pharmaceuticals, Pfizer Pharmaceuticals and
Sanofi-Synthelabo; educational, travel and fellowship grants from GSK Neurology
Australia, and honoraria from SciGen Pharmaceuticals. AB is on the editorial
boards for Neurology and International Stroke Journal, and an Australian Scientific
Advisory Board for Biogen. TK served on scientific advisory boards for Roche,
Celgene, Sanofi-Genzyme, Novartis, Merck, and Biogen, steering committee for
Brain Atrophy Initiative by Sanofi-Genzyme, received conference travel support
and/or speaker honoraria from WebMD Global, Novartis, Biogen, Sanofi-
Genzyme, Teva, BioCSL, and Merck and received research support from
Biogen. HB’s institution receives funding from Biogen, Roche, Merck, and
Novartis for speaker engagements, study steering and advisory committee

service. He is on the editorial board of Multiple Sclerosis and Related Disorders
and the Steering committee of the Brain Health Initiative (Oxford Health Policy
Forum). TO’B receives research funding from Biogen, UCB Pharma, Eisai
Pharma, Anavex Pharmaceuticals, Zynerba Pharmaceuticals, and serves on the
scientific advisory boards for UCB Pharma, Eisai Pharmaceuticals, Zynerba
Pharmaceuticals, ES Therapeutics, Seqirus Pharmaceuticals. MM’s institution
receives funding from Merck.

The remaining 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.

Copyright © 2021 Broadley, Wesselingh, Seneviratne, Kyndt, Beech, Buzzard, Nesbitt,
D’Souza, Brodtmann, Kalincik, Butzkueven, O’Brien, Monif and Australian
Autoimmune Encephalitis Consortium. 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 Immunology | www.frontiersin.org

January 2021 | Volume 11 | Article 597858


https://doi.org/10.1093/brain/aws082
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Broadley et al.

Autoimmune Encephalitis Prognostication

APPENDIX AUSTRALIAN AUTOIMMUNE
ENCEPHALITIS CONSORTIUM LIST OF
CO-INVESTIGATORS

Name

Location

Sarah Griffiths
Tracie Tan
Charles Malpas

Rubina Alpitsis
Richard
Macdonell
David Tarlinton

Steve Reddel
Todd Hardy
Bruce Taylor
Brian Long
Tissa Wijeratne
Owen White
Jo Fielding
Matt Ligtermoet
Meng Tan
Jayashri
Kulkarni
Robert Bourke
Dennis
Velakoulis
Ernie Butler
Meaghan
Clough

Monash University, Melbourne, Vic, Australia

Monash University and Melbourne Health, Vic, Australia
The University of Melbourne, Melbourne Health, Melbourne,
Vic, Australia

Alfred Health, Melbourne, Vic, Australia

Austin Health, Melbourne, Vic, Australia

Department of Immunology, Monash University, Melbourne,
Vic, Australia

Sydney Brain and Mind, University of Sydney, NSW, Australia
Concord Hospital, NSW, Australia

Royal Hobart Hospital, Hobart, Australia

Monash Medical Centre, Vic, Australia

Western Health, Vic, Australia

Monash University and Alfred Health, Melbourne, Vic, Australia
Monash University, Melbourne, Vic, Australia

Northern Health, Melbourne, Victoria, Australia

Gold Coast Health, UQ, Queensland, Australia

Alfred Health and Monash University, Melbourne, Vic, Australia

Melbourne Health, Vic, Australia

The University of Melbourne, Melbourne Health, Melbourne,
Vic, Australia

Peninsula Health, Melbourne, Vic, Australia

Monash University, Melbourne, Vic, Australia

Frontiers in Immunology | www.frontiersin.org

January 2021 | Volume 11 | Article 597858


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Peripheral Immune Cell Ratios and Clinical Outcomes in Seropositive Autoimmune Encephalitis: A Study by the Australian Autoimmune Encephalitis Consortium
	Introduction
	Methods
	Patient Cohort
	Peripheral Immune Cell Counts Analysis
	Treatments
	Clinical Outcomes
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References
	Appendix Australian Autoimmune Encephalitis Consortium list of co-investigators 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


