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OVERVIEW 
 

Autoimmune diseases of the central nervous system encompass a number of different 

conditions including Multiple Sclerosis (MS), Neuromyelitis Optica Spectrum Disorder 

(NMOSD), and Myelin Oligodendrocyte Glycoprotein Antibody Disease (MOGAD). MS is 

a demyelinating disease of the brain and spinal cord associated with Epstein Barr virus, 

while NMOSD is an antigen-specific disorder characterized by the presence of anti-

aquaporin 4 (AQP4) antibodies and typically presents with optic neuritis and transverse 

myelitis(1). MOGAD, another demyelinating condition that clinically overlaps both MS and 

NMOSD, is associated with antibodies against MOG, a component of the myelin sheath. 

The development of cell-based assays for NMO and MOG led to revisions of the NMOSD 

diagnostic criteria established in 2006 and MOGAD diagnostic criteria in 2023.  

 

Beyond MS, AQP4 seropositive NMOSD and MOGAD, there is a population of people 

with similar clinical features – but who test negative for MS, NMOSD and MOGAD. These 

people carry a diagnosis of double seronegative NMOSD (DSN-NMOSD). Studies have 

been conducted to differentiate DSN-NMOSD from seropositive NMOSD, MOGAD, and 

MS. However, the lack of sufficient sample sizes remains a significant obstacle. 

Additionally, the challenges of proper testing in poorly resourced countries exacerbate 

the situation. Although a definitive cure remains elusive, early diagnosis, treatment, and 

efforts to slow disability progression are critical in managing these debilitating conditions. 

But the absence of established treatment strategies makes these subsets more 

susceptible to relapse compared to AQP4-IgG+ NMOSD, where four new approved 

immunotherapies is typically initiated at the time of diagnosis. 
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Our first manuscript addresses the risk factors associated with relapse rates in DSN-

NMOSD. With the advent of the MOG antibody test and clinical criteria in 2023, the 

category of double seronegative NMOSD is  relatively new. We explored various clinical 

and paraclinical factors that might influence disease progression and utilized a multicenter 

dataset, to increase the generalizability of our results. To our knowledge this the first and 

largest cohort to not only study the relapse rate of DSN-NMOSD but also establish a 

demographic, clinical and paraclinical landscape of the disease. 

 

Another subset of seronegative autoimmune disease experience only a monophasic  

transverse myelitis (TM) attack of unknown etiology despite thorough diagnostic 

investigations and they are called Idiopathic Transverse Myelitis (ITM). Some cases of 

ITM eventually convert to either MS, MOGAD or NMOSD; however, a subset does not 

convert and are called monophasic ITM. 

 

Several studies have investigated various biomarkers, such as serum levels of 

neurofilament light chain (sNfL) and glial fibrillary acidic protein (sGFAP), along with 

predictors of recurrence, to differentiate between ITM, MS, and NMOSD (2–5). Current 

research on the Platelet to Lymphocyte ratio (PLR) and Neutrophil to Lymphocyte ratio 

(NLR) in these conditions shows promising results regarding their roles in disease activity 

and disability progression (6,7).  
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Our second manuscript focuses on PLR and its role in monophasic ITM. We determined 

whether PLR is associated with severe neurologic outcomes as defined by Expanded 

Disability Status Scale (EDSS).  

 

These two clinical research studies not only established a foundational understanding in 

DSN-NMOSD and monophasic ITM but also provided researchers with opportunities to 

explore its underlying causes. This groundwork is crucial for developing more effective 

therapeutic frameworks aimed at preventing further damage and disability. 
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Abstract: 

To be presented at the July 2024 Summer AAN Conference on Neuroinfectious and 

Neuroimmunology 

Objective: 

To identify the risk factors associated with the relapse rate in patients with DSN-NMOSD. 

Background: 
 
DSN-NMOSD is a rare subset of NMOSD that is characterized by a negative test against 

Aquaporin 4 (AQP4) IgG and Myelin Oligodendrocyte Glycoprotein (MOG) IgG. 

Design/Methods: 

This is a multicenter retrospective study of cases of DSNMOSD at the Mass General 

Brigham and the Hospital University of Sao Paulo. Patients were included if they (1) met 

the diagnostic criteria for Seronegative NMOSD according to the 2015 IPND and (2) 

tested negative for AQP4 IgG and MOG-IgG at least once. Patients were excluded if they 

had an alternative diagnosis. To examine the association of the different clinical and 

paraclinical factors on relapses, we calculated the incidence rate ratio (IRR) using a 

Poisson regression analysis.  

Results: 
 
A total of 31 relapsing DSNMOSD patients were analyzed. In a univariate Poisson 

regression analysis, an association between race, clinical manifestation at onset, optic 

neuritis laterality and use of disease modifying therapy at onset was found. Being non-

Caucasian was predicted to have a higher rate of relapse (IRR: 1.76, 95% CI 1.16-2.66; 

p=0.007). Simultaneous optic neuritis (ON) and transverse myelitis (TM) at onset resulted 

in a lower IRR of 0.04 (95%CI 0.010-0.14; p <0.001). After adjusting for sex, race, 
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laterality of ON, and use of disease-modifying therapy, age at onset at >32 years old was 

associated with higher rate of relapses (IRR 2.00, 95% CI 1.24-3.20; p = 0.003), while 

initial clinical manifestations of TM only (IRR 0.39, 95% CI 0.17-0.88; p=0.021) and 

simultaneous ON and TM (IRR 0.04, 95% CI 0.01-0.17; p <0.001) were linked to low 

relapse rates when compared to ON only. 

Conclusion: 

Older adult onset (>32 years old) and patients presenting with TM only and simultaneous 

ON and TM at onset were found to be associated with the relapse rate observed in DSN-

NMOSD. 

 
 

Abbreviations 

 

 
 
 
 
 
 

TM Transverse Myelitis 

ON Optic Neuritis 

LETM Longitudinal Extensive Transverse Myelitis 

MS Multiple Sclerosis 

NMOSD Neuromyelitis Optica Spectrum Disorder 

AQP4 Aquaporin 4  

MOG Myelin Oligodendrocyte Glycoprotein 

DSN-NMOSD Double Seronegative Neuromyelitis Optica Spectrum Disorder 

MOGAD Myelin Oligodendrocyte Glycoprotein Antibody-Associated Disease 

EDSS Expanded Disability Status Scale 
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INTRODUCTION 

 

Neuromyelitis Optica Spectrum Disorder (NMOSD) is an autoimmune disease of the 

central nervous system characterized by the presence of aquaporin 4 (AQP4) antibody 

on the surface of astrocytes surrounding the blood-brain barrier. Immune mediated 

destruction causes an astrocytopathy leading to demyelination. NMOSD commonly 

presents as severe attacks of optic neuritis (ON) and longitudinal extensive transverse 

myelitis (LETM). In addition to these core clinical characteristics are acute postrema 

syndrome (APS), acute brainstem syndrome and acute cerebral syndrome. 

 

With 90% specificity, the discovery of the biomarker, AQP4-IgG, in 2004/2005 

streamlined the diagnostic criteria for NMOSD ultimately leading to the development of 

the 2015 NMO clinical criteria , which stratified patients by their AQP4-IgG status (1). 

Seronegative NMOSD patients are required to fulfill stricter criteria by having at least two 

core clinical characteristics (with at least one being: ON, LETM or APS) occurring in one 

or more clinical attacks, along with MRI evidence of longitudinally extensive lesions. 

 

Recently, another antibody targeting the myelin oligodendrocyte glycoprotein (MOG) of 

the outer membrane of the myelin sheath was discovered to be present among these 

seronegative NMOSD patients. This was referred to as MOG-antibody disease 

(MOGAD), whose clinical manifestations mirror NMOSD phenotypes but follow a different 

immune system pathology making them a distinct entity from NMOSD. 
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The discovery of these two biomarkers creates a population of patients who are 

persistently seronegative for both the AQP4-IgG and the MOG-IgG, hence are called 

double seronegative NMOSD (DSN-NMOSD). Similar to AQP4-IgG seropositive 

NMOSD, the proportion of DSN-NMOSD ranges from 0-79% with a median age onset of 

32-43 years and an equal predilection to both male and female sexes. Simultaneous ON 

and LETM is a common presentation of DSN-NMOSD, with slightly shorter spinal cord 

lesions compared to AQP4-IgG seropositive NMOSD (2). Recent studies of their 

biomarker profiles suggest heterogeneity between AQP4-IgG seropositive and DSN-

NMOSD, with the latter having significantly higher trending GFAP (glial fibrillary acidic 

protein) levels, CSF100, neurofilament light chain, and UCH (Ubiquitin C-terminal 

hydrolase L1) (3)(4). Beyond the diagnostic challenges inherent in testing double 

seronegative, the therapeutic landscape is limited as well, with no approved therapy to 

prevent relapse and long-term disability.  

 

Whether DSN-NMOSD is a distinct immunopathological entity from AQP4 seropositive 

NMOSD is still unclear. There is a lack of strong fundamental data regarding patient 

demographics, clinical characteristics, and disease patterns. To address this uncertainty, 

the primary objective of this study is to identify the risk factors associated with relapse 

rates in DSN-NMOSD. Furthermore, the study determines the clinical characteristics, 

laboratory features, disease patterns and  treatment outcomes in DSN-NMOSD. 
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MATERIALS AND METHODS 

This study was a collaboration between the Massachusetts General Brigham (Boston, 

Massachusetts) and the Hospital of Clinics of the University of Sao Paulo (São Paulo, 

Brazil). Institutional review board approvals were obtained from both institutions. 

 
Study Design 
 
This is a retrospective study of cases of DSN-NMOSD seen at the MGB and Hospital of 

Clinics of the University of Sao Paulo from inception to December 2023. 

 
Study Subjects 
 

Participants were included if they (1) met the diagnostic criteria for Seronegative NMOSD 

according to the 2015 International Panel for NMO Diagnosis (IPND) and (2) tested 

negative for AQP4-IgG and MOG-IgG (using live-cell based assay or  enzyme-linked 

immunosorbent assay (ELISA) at least once and never tested positive if re-tested, and 

(3) followed up at least 12 months from first clinic visit. Patients were excluded if they had 

an alternative diagnosis for the clinical syndrome such as Multiple Sclerosis (MS) (2) or 

concomitant infections, metabolic or vascular disorders, or genetic diseases that better 

explain their neurological disorder.  

 
Data Collection 
 
A HIPAA compliant web-based REDCap project was created to record demographic, 

clinical and paraclinical data on attacks. The database project was comprised of five 

major case report forms.  
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Demographics 

We collected comprehensive data including age, gender, race, marital status, height, 

weight, and calculated body mass index (BMI). We divided race into Caucasians and non-

Caucasians to reduce complexity by accommodating individuals of mixed race more 

effectively. Age at onset of the attack was categorized into ≤32 and >32 years old based 

on the calculated median, along with quantiles, effectively dividing the data into two 

intervals. 

 

Clinical Attack 

For the clinical attack we documented the core clinical characteristic at onset, diagnostic 

tests, supporting criteria for the core characteristic or any comorbidities. The 2015 IPND 

criteria is comprised of 6 core clinical characteristics (Figure 1). To diagnose a patient 

with seronegative NMOSD, a patient must exhibit at least two core clinical characteristics 

resulting from one or more clinical attacks with one of these core clinical characteristics 

being either optic neuritis, transverse myelitis, or acute area postrema syndrome. In the 

context of our study, if a patient initially presents with only transverse myelitis or only optic 

neuritis, we diagnose seronegative NMOSD only if a subsequent clinical attack occurs 30 

days after the first attack. A patient can be diagnosed as monophasic if they present with 

two core clinical characteristics simultaneously or within 30 days. Participants were 

considered monophasic if no relapses were observed after onset and a relapse was 

defined by clinical worsening presenting either as a new symptom or worsening 

accompanied by alterations in neurological examination results that corresponds with a 

new or enhancing lesion detected on MRI. A period of at least 30 days must transpire 
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since the previous relapse (5). Furthermore, to confirm that these patients are double 

seronegative, they must test negative for both AQP4-IgG and MOG-IgG at least once, 

and never test positive if re-tested.  

 

Imaging and Laboratory Profile 

Brain and spinal imaging data were reviewed to ensure that the additional imaging 

requirements for seronegative NMOSD were met. The location and length of myelitis were 

documented, with the length categorized into LETM or non-LETM. LETM is defined as an 

intramedullary lesion affecting three or more contiguous vertebral segments, while non-

LETM affects fewer than three segments. Lastly, the lateralization of optic neuritis, 

whether unilateral or bilateral, was recorded.  

 

Treatment and Follow-up 

Data on treatments, including rescue therapy and the initiation of disease-modifying 

therapy, were collected. Additionally, the EDSS scores at onset and at the most recent 

follow-up, along with data regarding follow-up, were obtained. 

 

Relapse and Recovery  

Data on relapse counts were recorded, the total number of relapses per patient, the 

specific date of each relapse, or any associated triggers. The presentation of relapse 

during each episode was documented according to defined core clinical characteristics. 

Recovery data focused on whether the patient was using maintenance therapy or 

received rescue treatments were obtained. 
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Overall, there are 10/42 missing data for CSF protein, 13/42 for CSF glucose, 15/42 for 

CSF cell count, and 1/42 for platelet counts. Analyses for these variables were conducted 

using only the cases with available values, as the proportion of missing data was small. 

The rest of the demographic, clinical, imaging, laboratory, treatment, follow-up, and 

relapse data were complete. 

 

Study Outcome 

The primary outcome of the study was relapse. More importantly, the number of relapses 

experienced by each patient throughout the study period was recorded. 

 

Statistical Analysis 

Continuous variables were visually assessed for a normal distribution. Continuous 

variables that were not normally distributed were log converted. Normally distributed 

variables were expressed as mean ± standard deviation, or when not normally distributed 

as median and interquartile range. Categorical variables will be expressed as counts 

(percentages). To assess the socio-demographic, clinical, laboratory and treatment 

measures in DSN-NMOSD,  a Wilcoxon Test among continuous variables and Fisher test 

for categorical variables was done between monophasic and relapsing groups. 

 To determine the variables influencing the relapse rate in DSN-NMOSD, we extracted 

the frequency of relapse per participant and applied a Poisson regression analysis. A 

univariate Poisson regression analysis was done to determine the variables associated 

with relapse counts. Factors significantly associated with the relapse in univariate 

analysis, and variables of clinical importance were included in the multivariable Poisson 
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model with a stepwise procedure. Collinearity between variables was assessed using the 

Variance Inflation Factor (VIF). 

 

The concept of Poisson assumes that the outcome variable (relapse) represents counts 

per unit of time, and that each relapse count is independent and does not influence the 

occurrence of it in others. More importantly, a Poisson distribution assumes that the mean 

is equal to the variance (6). To check whether the final model follows this assumption, an 

overdispersion test was done. Since we were observing the count data for relapses, a 

zero inflated Poisson was also done to check whether there were excessive zeros (no 

relapse during the observation period). To improve the model accuracy, an offset for the 

follow up duration, to adjust for the different follow up periods, was done and an incidence 

relapse rate ratio (IRR) was reported. 

 

We also calculated ARR using the person-years method (7), 

 
 
 

I represents each individual, ri is the number of relapses during follow-up in each individual, ti is the length of follow-up in each 

individual, and T is the total sum of follow-up periods within the cohort (7) 

this is a procedure of weighted summing to account for the different follow up periods of 

each participant.  Furthermore, the 95% CI of the ARR was approximated using the 

formula below:  

 

 
 

                           k is the number of events that occurred during the entire follow-up period of T for all participants (7) 
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Lastly, an unadjusted survival analysis curve was plotted by Kaplan–Meier method, 

defined as time to first relapse (event) or no relapse (censored). Hazard ratios (HRs) for 

first relapse and 95% confidence intervals (CIs) were also estimated using  Cox 

proportional hazards regression in order determine the effect of various clinical factors on 

first relapse. A p-value of <0.05 will be considered as statistically significant. All analyses 

were conducted using R version 4.3.2 

 

RESULTS 

We identified a total of 42 DSN-NMOSD patients, out of these, 31 met the criteria for 

relapsing disease, accumulating a total of 91 relapse episodes over a 15-year follow-up 

period, while 11 experienced a monophasic course (Figure 2). The baseline and clinical 

characteristics of the cohort are detailed in (Table 1). A lower proportion of females 

experienced a monophasic course (5/11, 45% in monophasic vs. 24/31, 77% in relapsing, 

p = 0.112). Additionally, there was a greater proportion of Caucasians overall (8/11, 73% 

in monophasic vs. 19/31, 61% in relapsing, p = 0.754) compared to previously published 

data on race in NMOSD.  

 

To meet the 2015 IPND criteria for NMOSD, a monophasic disease course must include 

two core criteria and this combination of optic neuritis and transverse myelitis occurred in 

87% of cases. Interestingly, those with simultaneous optic neuritis + transverse myelitis 

were more likely to remain monophasic over the 4 years (IQR 3 – 7 years) of this study.  
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In the relapsing group, transverse myelitis (15/31, 48%) was the most common 

presentation at onset, followed by optic neuritis (14/31, 45%). Most patients in the 

monophasic group reported unilateral optic neuritis (8/11, 73%), whereas in the relapsing 

group, there was a trend toward higher incidence of bilateral optic neuritis (17/31, 58%) 

(p value = 0.078). There was no statistical difference between the monophasic vs. 

relapsing groups in the EDSS score at onset or the latest assessment.  

 

The paraclinical findings are presented in Table 2. Overall, cervico-thoracic lesions were 

more frequently observed in both relapsing and monophasic groups. The median spinal 

fluid cell count, protein, and glucose levels were higher in the monophasic group 

compared to patients with relapsing DSN-NMOSD (68 vs. 8 cells, p = 0.062; 72 vs. 37 

mg/dl, p = 0.296; and 58 vs. 57 mg/dl, p = 0.769, respectively). Oligoclonal bands were 

observed in only two patients in the relapsing group (2/28, 7%). In comparison between 

groups, the WBC profile did not significantly differ. However, a higher median serum 

eosinophil count and platelet to lymphocyte ratio (PLR) were observed in the relapsing 

group, while the total serum WBC, neutrophil, basophil, lymphocyte, monocyte, and 

neutrophil to lymphocyte ratio (NLR) were higher in the monophasic DSN-NMOSD. 

 

Among patients with a relapsing course, 96% (30/31) received corticosteroids at the onset 

of attack, while 100% received corticosteroids in the monophasic group. PLEX and IVIG 

were also administered in 26% and 12% of the relapsing group, respectively. Lastly, 52% 

(16/31) of those with relapsing DSN-NMOSD were started on disease-modifying therapy 

at onset compared to 45% (5/11) in the monophasic group. 
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Risk factors associated with increase in relapse rate in DSN-NMOSD 

A univariate Poisson regression analysis was conducted (Table 3), with relapse counts 

as the dependent variable, revealing an association between race, clinical manifestation 

at onset, optic neuritis laterality and use of disease modifying therapy at onset. Patients 

who are non-Caucasians showed a significant increase in relapse rate of 76% compared 

to Caucasians. 

 

Simultaneous onset of optic neuritis + transverse myelitis at onset was associated a 96% 

reduction in rate of relapse in patients with DSN-NMOSD compared to patients who had 

optic neuritis only at onset. Additionally, patients who had bilateral optic neuritis (IRR: 

2.51, 95% CI [1.54, 4.27], p <0.001) and those patients who received disease modifying 

therapy at onset (IRR: 2.50, 95% CI [1.61, 4.00], p <0.001) experienced an increase in 

relapse rates. 

 

After adjusting for sex, laterality of optic neuritis, and use of disease-modifying therapy 

(Table 4), onset of the disease at age >32 years (IRR=2.00, 95% CI [1.24, 3.20], p = 

0.003) was linked to higher relapse rate. Furthermore, patients who presented with 

transverse myelitis (IRR=0.39, 95% CI [0.17, 0.88], p = 0.021) and simultaneous ON plus 

TM at onset (IRR=0.04, 95% CI [0.01, 0.17], p <0.001) was associated with a lower 

relapse rate. 
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In total, 91 relapses were observed (Table 5).  The median relapse count was 2 with a 

median time to the first relapse of 16 months and an overall annualized relapse rate (ARR) 

estimated at 0.31. Among the 31 relapsing DSN-NMOSD, 18 relapsed within the first 16 

months after their initial clinical attack. Lastly, after conducting both univariate and 

multivariate Cox proportional hazard ratio analyses, no variables were found to be 

significantly associated with the occurrence of the first relapse in DSN-NMOSD (Table 

6). The Kaplan Meier curve for the relapse-free survival analysis of patients with DSN-

NMOSD is shown in (Figure 3). 

DISCUSSION  

 

The concept of DSN-NMOSD remains both controversial and rare within the medical 

community. There is ongoing debate about whether seronegative NMOSD represents a 

collection of new as-yet-undiagnosed conditions that mimic NMOSD or if these are people 

with immunity to AQP4 or MOG but whose antibodies are undetectable. Despite the 

updates in the IPND criteria in 2015, patients with DSN-NMOSD currently lack specific 

approved medications, leading to unsupported treatments with off label medications. This 

study aims to explore the clinical characteristics, laboratory features, and treatment 

outcomes among monophasic and relapsing DSN-NMOSD patients from two different 

medical centers. Additionally, we seek to identify clinical and paraclinical features 

associated with relapse rates. 
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Recent studies shows that DSN-NMOSD tend to follow a relapsing course, especially in 

patients presenting with simultaneous optic neuritis plus transverse myelitis at clinical 

onset (8–10) Similarly, the majority of the seronegative cases in this group followed a 

relapsing course, but those who had simultaneous optic neuritis plus transverse myelitis 

followed a monophasic course.  

 

In our study, we identified age at onset as a significant factor influencing the frequency of 

future relapses. Of particular interest, we noted a significant increase in the relapse rate, 

especially among patients with a later age onset (>32 years old) which is different from 

previous studies conducted among late onset AQP4 Ab positive NMOSD patients, where 

a lower relapse frequency was observed (11)(12). Although the reason why later age 

onset is linked to a higher relapse rate is unclear, it is possible that individual variability in 

relapse rate may have played a role in this.  

 

Another significant finding in our study is the association between race and relapse rates 

in DSN-NMOSD. Similar to AQP4 seropositive disease, we observed an increase in 

relapse rates among individuals of non-Caucasian race. For the purpose of our study, 

non-Caucasian race is defined as individuals who are Asian, Black or a combination of 

two or more distinct racial backgrounds. This finding is similar to previous research on 

classic NMOSD, where Black/African American and Asian individuals were reported to 

exhibit a more aggressive disease phenotype compared to those with DSN-NMOSD (13). 

While our results show the impact of non-Caucasian race on relapse rates in DSN-

NMOSD, it is important to acknowledge some societal factors, such as social 



 22 

determinants of health that can influence the variability in disease outcomes. Therefore, 

our study emphasizes the importance of considering race and its associated socio-

cultural context in understanding the disease progression and developing tailored 

interventions for diverse patient populations. 

 

In cases of TM at onset, our findings align with previous studies on MOGAD  wherein ON 

at onset was associated with a significantly higher relapse rate compared to TM at onset 

(14). While in a study on Taiwanese AQP4 + NMOSD, both ON onset and TM at onset 

had the same relapse rate of 0.05 (15). When interpreting this finding, it is essential to 

note that both studies, as well as ours, considered non-LETM lesions. Given the stringent 

diagnosis criteria for DSN-NMOSD alone, the inclusion of non-LETM presentations 

should be contemplated to prevent delays in diagnosing DSN-NMOSD. This current 

finding could potentially impact treatment strategies as well as the prognosis of DSN-

NMOSD cases presenting with simultaneous optic neuritis and transverse myelitis. 

Our study further showed that the estimated ARR for DSN-NMOSD is higher (ARR: 0.31) 

compared to estimated ARR of AQP4+ NMOSD (ARR: 0.14) and lower compared to 

MOGAD (ARR: 0.33) (16)(17). It is crucial to highlight that both studies, including ours, 

determined the ARR and the 95% CI using the person-years method and considered the 

variability in follow up periods.  

Overall, our findings highlight the significant impact of age at onset, race, and initial 

presentation on the disease trajectory of DSN-NMOSD. Our study has some limitations. 

Despite being a multicenter study, our research yielded a small sample size, significantly 
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impacting our findings' statistical power. While some results were statistically significant, 

they should be interpreted with caution. Selection bias may have also influenced our 

findings, as the sample was limited to adults aged 18 and older, primarily from major 

tertiary hospitals, excluding smaller reference centers. Additionally, we included only 

participants with at least 12 months of follow-up and restricted our cohort to those with 

two specific core clinical characteristics: transverse myelitis and optic neuritis. This focus 

may limit the sample's representativeness and overlook essential differences in clinical 

presentations, particularly among younger individuals and those treated at smaller 

facilities. 

Further, the generalizability of our findings was limited by the population composition, 

primarily dichotomized into Caucasians and Non-Caucasians, with the latter mainly 

comprising mixed-race individuals from the Brazilian cohort. Notably, there was 

insufficient representation of Black/African-American and Asian individuals, who are 

believed to experience a more aggressive disease course. Lastly, residual confounding 

was also evident in our study. Specifically, the timing of testing may have impacted 

results, as this diagnosis is typically made by exclusion, leading to tests being performed 

at various late stages of the diagnostic framework. The choice of testing methods—such 

as using a live cell-based assay versus ELISA—could result in differences in detection 

rates. Moreover, variable follow-up periods among patients also made it difficult to 

properly catch clinically significant changes in the disease course.. 

Since there are no strict treatment guidelines, variability in treatment made it difficult to 

also segregate associations. Case ascertainment, especially in DSN-NMOSD, in limited 
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reference centers could enhance the quality, consistency, and reliability of the data, 

thereby improving the validity of research findings. Also, including data on seropositive 

AQP4 and MOGAD, from the same center, will also be helpful to improve homogeneity 

especially during extraction of data. Finally, as there are currently no approved 

maintenance therapies for DSN-NMOSD, the management of this condition heavily 

depends on the discretion of physicians and the availability of medications, future 

observational studies on the effectiveness of immunotherapies, effect of age onset on 

disability progression would be highly beneficial in understanding this disease. 

In summary, our study revealed that specific demographic and clinical characteristics 

were associated with relapse rate in DSN-NMOSD. We observed that at a later age onset 

(>32 years old), patients presenting with transverse myelitis and simultaneous optic 

neuritis and transverse myelitis at onset influence the relapse rate observed in DSN-

NMOSD.  However, further research with a larger, more diverse, longer follow-up is 

necessary to validate these conclusions. 
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                  Figure 1.  2015 International Panel of NMO Diagnosis Criteria 

 

 

 

 

 

 

 
Core clinical characteristics 
 
1. Optic neuritis 
2. Acute myelitis 
3. Area postrema syndrome: episode of otherwise unexplained hiccups or nausea and vomiting 
4. Acute brainstem syndrome 
5. Symptomatic narcolepsy or acute diencephalic clinical syndrome with NMOSD-typical 
diencephalic MRI lesions  
6. Symptomatic cerebral syndrome with NMOSD-typical brain lesions  
 
 
Diagnostic criteria for NMOSD with AQP4-IgG 
 
1. At least 1 core clinical characteristic 
2. Positive test for AQP4-IgG using best available detection method (cell-based assay strongly 
recommended) 
3. Exclusion of alternative diagnoses 

 
 
Diagnostic criteria for NMOSD without AQP4-lgG or NMOSD with unknown AQP4-lgG status 
 
1. At least 2 core clinical characteristics occurring as a result of one or more clinical attacks 
and meeting all of the following requirements: 
a. At least 1 core clinical characteristic must be optic neuritis, acute myelitis with LETM, or 
area postrema syndrome 
b. Dissemination in space (2 or more different core clinical characteristics) 
c. Fulfillment of additional MRI requirements, as applicable 
2. Negative tests for AQP4-IgG using best available detection method, or testing unavailable 
3. Exclusion of alternative diagnoses 

 
 
Additional MRI requirements for NMOSD without AQP4-IgG and NMOSD with unknown 
AQP4-IgG status 
 
1. Acute optic neuritis: requires brain MRI showing (a) normal findings or only nonspecific white 
matter lesions, OR (b) optic nerve MRI with T2-hyperintense lesion or T1-weighted gadolinium- 
enhancing lesion extending over >1/2 optic nerve length or involving optic chiasm  
2. Acute myelitis: requires associated intramedullary MRI lesion extending over ≥3 contiguous 
segments (LETM) OR ≥3 contiguous segments of focal spinal cord atrophy in patients with 
history compatible with acute myelitis  
3. Area postrema syndrome: requires associated dorsal medulla/area postrema lesions  
4. Acute brainstem syndrome: requires associated periependymal brainstem lesions  
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Figure 2.  Double Seronegative Neuromyelitis Optica Spectrum Disorder database 
creation MS multiple sclerosis, MOGAD myelin oligodendrocyte glycoprotein antibody associated 

disease, AQP4 aquaporin 4, MOG myelin oligodendrocyte, ON optic neuritis, TM transverse myelitis, 
ADEM acute disseminated encephalomyelitis 
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 Table 1. Baseline demographic and clinical profile of patients with monophasic and 
relapsing DSN-NMOSD 

ON optic neuritis, TM transverse myelitis, LETM longitudinal extensive transverse myelitis, EDSS expanded 
disability status scale; Age category at onset  were calculated from the median age at onset, along with 
quantiles, effectively dividing the data into two intervals. 
 
 
 

 Characteristics Monophasic 
(n =11) 

Relapsing 
(n =31) 

 p value 

Age, mean (SD), years 43 (15) 40 (9) 0.497 

Age category at onset, n (%)       
0.375 

                                            ≤32 4 (37%) 18 (43%)   

>32 7 (63%) 13 (32%)   

Sex, n (%)     0.112 

Female 5 (45%) 24 (77%)   

Male 6 (55%) 7 (23%)   

Race, n (%)     0.754 

Caucasian 8 (73%) 19 (61%)   

Non-Caucasian 3 (27%) 12 (39%)   

Ethnicity, n/total (%)     0.389 

Hispanic/Latino 3 (27%) 15 (48%)   

Non-Hispanic/Latino 8 (72%) 16 (52%)   

Disease duration, median (IQR), years 4 (3-7) 7 (3-14) 0.207 

Clinical Manifestation at onset, n (%)     <0.001 

Optic Neuritis 0 (0%) 14 (45%)   

Transverse Myelitis 0 (0%) 15 (48%)   

Simultaneous ON +TM 11 (87%) 2 (7%)   

Optic Neuritis (ON), overall n (%)     0.078 

Unilateral 8 (73%) 14 (42%)   

Bilateral 3 (27%) 17 (58%)   

Transverse Myelitis (TM) length, overall n (%)     0.702 

LETM  9 (82%) 18 (69%)   

Non-LETM     2 (8%) 13 (31%)   

EDSS, median (IQR)       

at onset 5 (4-7) 5 (4-6) 0.780 

latest 3 (1.5-3) 3 (2-4) 0.485 

Follow-up, median (IQR), months 51 (32-94) 61 (29-125) 0.638 

Reference Center   0.075 

Mass General Brigham 10 (91%) 17 (55%)  

University of Sao Paulo Hospital 1 (9%) 14 (45%)  
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Table 2. Imaging, laboratory, and treatment profile patients with monophasic and relapsing 
DSN-NMOSD 

PLR platelet to lymphocyte ratio, NLR neutrophil to lymphocyte ratio ; PLR category and NLR category 
were calculated from the median PLR and NLR, along with quantiles, effectively dividing the data into two 
intervals. 

 

 

 

  Monophasic 
 (n =11)  

Relapsing  
(n = 31) 

p value 

TM MRI lesion localization     0.590 

Cervical only, n/total (%) 1 (10%) 6 (23%)   

Thoracic only, n/total (%) 5 (45%) 9 (34%)   

Cervico-Thoracic, n/total (%) 5 (45%) 11 (42%)   

CSF analysis       

Cell count, median (IQR) 68 (52-168) 8 (2-100) 0.062 

Protein, median (IQR) mg/dl 72 (42-101) 37 (32-89) 0.296 

Glucose, median (IQR) mg/dl 58 (49-70) 57 (53-73) 0.769 

Oligoclonal bands positivity, n (%) 0/11 (0%) 2/28 (7%) 1.00 

Serum WBC Profile, median (IQR)       

       Total WBC (k/uL) 9 (8-12) 8 (6-11) 0.154 

Neutrophil (k/uL) 8 (6-10) 5 (3-7) 0.092 

Eosinophil (k/uL) 0.05 (0.0-0.10) 0.10 (0.02-0.15) 0.252 

Basophil (k/uL) 0.03 (0.01-0.06) 0.02 (0.00-0.04) 0.395 

Lymphocyte (k/uL) 2.10 (1.70-2.49) 1.60 (1.40-2.24) 0.075 

Monocyte (k/uL) 0.52 (0.50-0.91) 0.50 (0.42-0.61) 0.364 

Platelet to Lymphocyte Ratio (PLR) 125 (83-183) 162 (126-216) 0.112 

PLR category   1.000 

≤157 6 (54%) 16 (52%)  

>157 5 (46%) 15 (48%)  

Neutrophil to Lymphocyte Ratio (NLR) 3 (2-5) 3 (2-6) 0.943 

 NLR category   1.000 

≤3 6 (54%) 15 (48%)  

>3 5 (46%) 16 (52%)  

Treatment at onset       

                  Corticosteroid 11 (100%) 30 (96%) 1.000 

                 Plasmapheresis 5 (45%) 8 (26%) 0.406 

                         Intravenous Immunoglobulin 0 (0%) 4 (12%) 0.513 

Disease Modifying Therapy 5 (45%) 16 (52%) 1.000 
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Table 3. Results of the univariate Poisson regression analyses in DSN-NMOSD 

Shown is the Incidence Rate Ratio (IRR) of the univariate Poisson regression analysis. ON optic neuritis, 
TM transverse myelitis, LETM longitudinal extensive transverse myelitis, EDSS expanded disability status 
scale 

 

 
 
 
 
 
 

 

 

 

 

 

Variables Incidence Rate Ratio (IRR)  
(95% CI) 

p value 

Age category at onset (years)   
 

≤32 1.00 (Reference)  

>32 0.75 (0.49-1.14)  0.185 

Female Sex 1.41 (0.89-2.32) 0.164 

Race     

Caucasians 1.00 (Reference)  

Non-Caucasians 1.76 (1.16-2.66) 0.007 

Clinical Manifestation at onset     

Optic Neuritis  1.00 (Reference)  

Transverse Myelitis 0.73 (0.48-1.10) 0.137 

Simultaneous ON+TM 0.04 (0.010-0.14) < 0.001 

Optic Neuritis Laterality   

Unilateral 1.00 (Reference)  

Bilateral 2.51 (1.54-4.27) <0.001 

   

TM MRI lesion localization     

Cervical Only 1.00 (Reference)  

Thoracic Only 1.36 (0.70-2.84) 0.379 

Cervico-Thoracic 1.03 (0.52-2.18) 0.926 

TM length     

Non-LETM 1.00 (Reference)  

LETM 1.10 (0.64-1.94) 0.760 

EDSS at onset                                                           0.91 (0.81-1.03) 0.136 

Disease Modifying Therapy at onset 2.50 (1.61-4.00) <0.001 

PLR category                                                          >157 1.06 (0.70-1.66) 0.770 

NLR category                                                                 >3 0.93 (0.62-1.41) 0.753 
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Table 4. Results of the multivariate Poisson regression analyses 

 
Shown is the Incidence Rate Ratio (IRR) of the multivariate Poisson regression analysis after adjusting 
for sex, laterality of optic neuritis, and use of disease-modifying therapy and an offset variable for the 
follow up duration, to adjust for the different follow up periods. 

 

 

 

 

 

 

 

 

 

 

 

Variables Incidence Rate Ratio (IRR)  
(95% CI) 

p value 

Age category at onset (years)                                             

                                            ≤32 1.00 (Reference)  

>32        2.00 (1.24-3.20)  
0.003 

Female sex 1.47 (0.78-2.41)  
0.254 

Race   

Caucasian 1.00 (Reference)  

Non-Caucasian 1.35 (0.99-2.92) 0.294 

Clinical Manifestation at onset   

Optic Neuritis 1.00 (Reference)  

Transverse Myelitis 0.39 (0.17-0.88) 0.021 

Simultaneous ON+TM 0.04 (0.01-0.17) <0.001 

 Optic Neuritis Laterality   

Unilateral 1.00 (Reference)  

Bilateral 1.00 (0.37-2.10) 0.797 

Disease Modifying Therapy at onset 1.36 (0.71-2.67) 0.354 
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 Table 5.0 Summary of Relapse metrics in Relapsing DSN-NMOSD 

   
     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

              

  

 
           Figure 3.0 Kaplan–Meier curve of time to first relapse in Relapsing DSN-NMOSD 
 
 

 

 Total 
(n=31) 

Relapse counts 91 

Median number of Relapses 2 (1-9) 

Time to first relapse, (months) median IQR 16 (6-27) 

Overall Annualized Relapse Rate (ARR), median (IQR) 0.31 (0.21-0.40) 



 34 

Table 6 Risk for First Relapse in DSN-NMOSD based on Cox Proportional Hazards  
Ratio Analysis 

 Variables included in the multivariate model were selected based on clinical importance. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

Univariate 
 

Multivariate  
 Hazard Ratio (HR) 

(95% CI) 
 

p value 
Hazard Ratio (HR) 

(95% CI) 
 

p value 

 Age category at onset       

≤32 1.00 (Reference)  1.00 (Reference)  

>32 1.20 (0.57-2.49) 0.631 1.27 (0.48-3.38) 0.622 

  Female Sex 1.82 (0.23-1.31) 0.177 1.04 (0.30-3.64) 0.950 

  Race       

Caucasians 1.00 (Reference)  1.00 (Reference)  

Non-Caucasian  1.28 (0.61-2.69) 0.515 1.42 (0.38-5.31) 0.603 

  Clinical Manifestation at onset       

Optic Neuritis 1.00 (Reference)  1.00 (Reference)  

Transverse Myelitis 1.00 (0.48-2.12) 0.988 1.01 (0.26-3.96) 0.990 

Simultaneous ON+TM 0.18 (0.02-1.44) 0.107 0.23 (0.02-2.49) 0.228 

Optic Neuritis Laterality     

Unilateral 1.00 (Reference)  1.00 (Reference)  

   Bilateral 1.09 (0.47-2.55) 0.834 0.78 (0.18-3.32) 0.736 

   Disease Modifying Therapy at onset 0.91 (0.44-1.87) 0.802 0.61 (0.17-2.21) 0.449 
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Abstract 
 
 
Objectives: 

To examine the association between PLR at onset and severe neurological outcomes in 

monophasic Idiopathic Transverse Myelitis (ITM), indicated by an Expanded Disability 

Status Scale (EDSS) score of 4 or higher. Additionally, to evaluate the relationship of PLR 

with relapse and disability among monophasic ITM and relapsing Double Seronegative 

Neuromyelitis Optica Spectrum Disorder (DSN-NMOSD). 

 
Background: 
 
Transverse myelitis (TM) is a neurological inflammatory disorder of the spinal cord often 

presents with motor and sensory dysfunction of the limbs with accompanying autonomic 

dysfunction. It is only classified as ITM when these attacks are not associated with any 

bacterial or viral infections, metabolic or vascular anomalies, genetic disorders, or spinal 

cord compression.  

 

Design/Methods: 

A retrospective study was conducted on monophasic Idiopathic Transverse Myelitis (ITM) 

cases, as defined by the Transverse Myelitis Consortium Working Group (TMCWG), at 

Mass General Brigham Hospital. Univariable and multivariable linear regression analyses 

were conducted to evaluate the relationships between log-transformed PLR and EDSS. 

A binary logistic regression analysis was conducted to assess whether log-transformed 

PLR is associated with severe neurological disability (EDSS ≥ 4). Finally, a binary logistic 

regression was performed to assess whether log-transformed PLR at onset is associated 



 37 

with relapse risk and severe neurological disability (EDSS ≥ 4 and EDSS ≥ 6) between 

monophasic ITM patients and those with relapsing DSN-NMOSD. 

 

Results: 

A total of 46 monophasic ITM patients was included in the final analysis. A greater 

proportion of the high PLR group  (≥137) were females (13/22, 60%) Caucasians (21/22, 

95%) and non-Hispanics (21/22, 95%). The median myelitis length was shorter in the low 

PLR with 1 vertebral segment (IQR 1-3). Correlation analysis shows a positive association 

between EDSS and log PLR (Spearman’s ρ = 0.299, p = 0.043). Linear regression 

analyses between log PLR and EDSS showed no significant association (𝛽 = 0.35, 95% 

CI -0.72.-1.42, p= 0.512). On both univariate and multivariate logistic regression 

analyses, log PLR did not show significant association with severe disability with (OR= 

2.59, 95% CI 0.65-12.25, p=0.196) and (OR= 1.44, 95% CI 0.24-9.06, p= 0.690), 

respectively. However, TM length was significantly associated with severe disability. 

Furthermore, univariate logistic regression analysis involving relapsing DSN-NMOSD 

showed that log PLR was not associated with relapse and EDSS ≥6 but was weakly 

significant with EDSS ≥4 (OR = 3.79, 95% CI 1.02-16.94). However, after adjusting for 

other covariates, this did not hold and showed no significant associations for log PLR with 

relapse (OR = 2.51, 95% CI 0.51-15.05, p = 0.275) , EDSS ≥ 4 (OR = 3.21, 95% CI 0.80-

15.16, p = 0.113).or EDSS ≥ 6 (OR = 1.87, 95% CI 0.43-8.99, p = 0.412). 
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Conclusion: 

Our study showed that PLR and EDSS are correlated but was not associated with severe 

disability in monophasic ITM patients. When compared between relapsing DSN-NMOSD, 

PLR was not associated with relapse, EDSS ≥4 nor EDSS ≥6. 

 
 
 
 

Abbreviations 

 

 

 
 
 
 
 
 
 
 
 
 

TM Transverse Myelitis 

ITM Idiopathic Transverse Myelitis 

TMCWG Transverse Myelitis Consortium Working Group 

PLR Platelet to Lymphocyte Ratio 

NLR Neutrophil to Lymphocyte Ratio 

MS Multiple Sclerosis 

NMOSD Neuromyelitis Optica Spectrum Disorder 

DSN-NMOSD Double Seronegative Neuromyelitis Optica Spectrum Disorder 

MOGAD Myelin Oligodendrocyte Glycoprotein Antibody-Associated Disease 

EDSS Expanded Disability Status Scale 
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INTRODUCTION 

Transverse myelitis (TM) is characterized as a localized inflammatory attack in the spinal 

cord. Inflammation in the spinal cord can lead to several functional impairments due to 

disruption of the normal transmission of nerve signals, resulting to muscle weakness, 

numbness, tingling, pain, and issues with bladder and bowel control. In 2002, the 

Transverse Myelitis Consortium Working Group (TMCWG) proposed a standardized 

diagnostic criteria for TM to establish the foundation for future research but also to 

minimize diagnostic discrepancies and inappropriate treatments (1). Within this proposed 

framework, there is a subset of patients that are diagnosed as idiopathic transverse 

myelitis (ITM), which is defined as TM without any identifiable underlying disease, which 

contrasts with cases of TM that are linked to specific diseases such as infections, 

autoimmune disorders, paraneoplastic disorders, or other medical conditions. 

In a National US Veterans Health Administration (VHA) population study, the projected 

prevalence of transverse myelitis (TM) in the United States is 7.86 per 100,000 (2). This 

contrasts with other countries, such as in the Middle East, where the prevalence ranges 

from 0.78 to 2.46 per 100,000 (3,4). Consequently, the annual incidence of TM in the US 

is reported to be approximately 4.6 per million per year, with idiopathic TM (ITM) occurring 

at a rate of 1.34-4.6 per million per year (5,6). But caution should be exercised due to the 

diversity in populations studied, along with potential variations in testing, reporting, and 

diagnostic criteria, which may impact the observed differences. 

In clinical practice, individuals suspected of having ITM typically require acute 

management, symptomatic relief, and subsequent rehabilitation (7). Most cases are 
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monophasic (8) and does not require long term preventive immunotherapy (7). This 

approach differs from the treatment of other types of transverse myelitis, which may 

require prolonged immunosuppressive therapy to manage persistent inflammation and 

prevent recurrences.  

To date, there has been limited research on ITM. Previous studies have identified that 

lower serum vitamin D at onset correlated to a recurrent course (9). Additionally, in a 

retrospective cohort study, notable differences in sex and racial distribution between the 

types of transverse myelitis were observed. Recurrent cases were more frequently seen 

in females in African Americans and males in Asians, while monophasic cases were more 

often found in Caucasians (7). 

The reason why some patients experience a monophasic inflammatory attack while 

others suffer from recurrent episodes remain poorly understood. However, one theory 

posits that systemic inflammation, characterized by the high production of pro-

inflammatory cytokines, may be a key factor. Recently, studies have explored the use of 

the platelet-to-lymphocyte ratio (PLR) and neutrophil-to-lymphocyte ratio (NLR) in various 

demyelinating diseases, focusing on their correlation with disease severity and their 

potential to predict disability (10–12). As an easily measurable blood biomarker, PLR 

reflects the balance between platelet count and lymphocyte count, which may be 

indicative of inflammation and immune response. 

In this study, we investigated cases of monophasic ITM to determine the relationship of 

PLR at onset and severe neurological outcomes, defined as an Expanded Disability 

Status Scale (EDSS) score ≥ 4. We also assessed the relationship between PLR and 
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EDSS and other clinical factors associated with monophasic ITM. Lastly, we compared 

monophasic ITM and relapsing Double Seronegative Neuromyelitis Optica Spectrum 

Disorder (DSN-NMOSD) with TM onset to identify what factors predispose patients to 

having a relapsing course and also if PLR is associated with severe neurologic disability 

defined by EDSS ≥ 4 and EDSS ≥ 6. 

MATERIALS AND METHODS 

This retrospective research which utilized data from the Massachusetts General Hospital 

and the Brigham and Women’s Hospital. Patients who were diagnosed with idiopathic 

transverse myelitis from inception to December 2023 were reviewed. 

 

Data Collection 

A HIPAA-compliant web-based REDCap project was established to systematically 

capture and store demographic, clinical, and paraclinical data related to clinical attacks. 

This platform ensures that data privacy and security standards are met in accordance 

with HIPAA regulations.  

 

Participants 

Inclusion criteria are limited to patients who (1) fulfill the idiopathic transverse myelitis 

criteria (Figure 1) (2) age ≥ 18 years old (3) tested negative for serum aquaporin 4 and 

myelin oligodendrocyte glycoprotein antibodies, (4) followed a monophasic course 

defined as a single, isolated episode of spinal cord inflammation without subsequent 
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relapses for at least 12 months,  (5) had a normal brain magnetic resonance imaging 

(MRI) and (6) had no cerebrospinal fluid (CSF) specific oligoclonal bands. Patients were 

excluded if they were diagnosed with another autoimmune disease such as multiple 

sclerosis (MS) or if there were missing clinical and paraclinical data during attack or pre-

treatment blood results such as blood cell differential counts. 

 

Demographic and Clinical Data 

Clinical attack information was recorded, detailing the age at onset, the clinical course of 

the attack, the diagnostic tests performed and EDSS scores. EDSS is a disability scoring 

system, ranging from 0 to 10, with 0 having no disability and 10 indicating death. This 

scale primarily evaluates mobility and is generally assessed by a physician observing the 

patient’s walking ability. For this study, EDSS scores were collected at both the onset and 

the most recent assessment. The most severe EDSS score from these evaluations was 

selected to represent the highest level of disability experienced by the patient. The scores 

were then categorized into two groups: EDSS ≥4, having severe disability, and EDSS ≥6, 

indicating severe disability that requires assistance (such as a cane or walker).  Treatment 

details were also documented, covering both rescue therapies administered during the 

acute phase and maintenance therapies for ongoing management. Additionally, follow-

up information is collected to monitor patient progress and outcomes over time. 

 

Laboratory Data 

Pre-treatment blood results were retrieved as well as differential counts. PLR was defined 

as the ratio of the absolute platelet count to the absolute lymphocyte count. For this study, 
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we collected the earliest WBC profile available to avoid treatment effects. If a patient had 

multiple blood tests, we used the result closest to the time of the attack. Similarly, NLR 

was calculated by dividing the absolute neutrophil count by the absolute lymphocyte 

count. Cerebrospinal fluid data including cell counts with differential, protein levels, 

glucose concentrations, virology results (when indicated), IgG index, and the presence of 

oligoclonal bands was also reviewed and collected. 

 

Imaging Data 

MRI data specifying the location of the transverse myelitis within the spinal cord as well 

as the number of vertebral segments were collected. The length of the lesion was also  

dichotomized to either longitudinal extensive transverse myelitis (LETM), characterized 

by a lesion that spans three or more contiguous vertebral segments of the spinal cord or 

non-LETM, defined as a lesion confined to less than three contiguous vertebral segments 

of the spinal cord. 

 

In total, there were missing data for CSF protein 7 out of 46, CSF glucose 6 out of 46,  

and CSF cell count 10 out of 46. Analyses for these variables included only cases with 

available values, given the small proportion of missing data. All other demographic, 

clinical, imaging, laboratory, treatment, and follow-up data were complete 
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Study Outcome 

Our study outcome is neurological disability defined by EDSS. Those with a score of 4 or 

greater were considered severe compared to those with a score equal to or less than 4, 

based on previous studies (13). 

 

Statistical Analysis  

Baseline characteristics that were continuous are expressed as mean ± standard 

deviation, or when not normally distributed as median and interquartile range. Whereas 

categorical variables are reported in counts and percentages. Normality of the variables 

was assessed through a combination of techniques, such as visual inspection of 

histogram distributions, analyzing the median, mean, and skewness values. Wilcoxon 

Test was used for continuous variables, while the Fisher test was employed for 

categorical variables. 

 

Since the distribution of PLR and NLR was skewed, it was log-transformed for analysis. 

The correlation between log-transformed PLR (log PLR) and EDSS was assessed using 

Spearman’s correlation statistic. Linear associations between log PLR and EDSS and 

other clinical variables were performed using univariable and multivariable linear 

regression analysis. To check for residual errors in the linear regression models, Breusch-

pagan tests was done to check for heteroscedasticity.  To determine whether log PLR is 

associated with severe neurologic disability (EDSS ≥4), a univariate and multivariate 

binary logistic regression analysis was done. Variables that were significant (<0.05)  from 
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the univariate analysis and factors of clinical importance were used to build the 

multivariate models. 

 

Further data analysis on patients with relapsing DSN-NMOSD who initially presented with 

transverse myelitis was added to the existing monophasic ITM database to determine if 

log PLR at onset is associated with relapse risk and/or severe neurologic disability (EDSS 

≥4 and EDSS≥6) by binary logistic regression. Variables that were significant (<0.05)  

from the univariate analysis and of clinical importance were used to build the multivariate 

model. Collinearity between variables was assessed using the Variance Inflation Factor 

(VIF). A p-value of less than 0.05 was considered statistically significant. All analyses 

were conducted using R version 4.3.2. 

 

RESULTS 
 
A total of 46 monophasic ITM patients were analyzed and met the inclusion criteria 

(Figure 2) , and their baseline characteristics are summarized in (Table 1).  The group 

was categorized into low PLR (<137) and high PLR (≥137) based on the calculated 

median PLR, using quantiles to effectively split the data into two intervals. The mean age 

for the low PLR  group was 52 ± 14 years and for the high PLR group was 56 ±14. 

Median disease duration was comparable (4.1 years (IQR 4-6) vs 4.4 years (IQR 3-6) p= 

0.479). The gender distribution among groups varied with a higher female preponderance 

in the  low PLR group (16 women, 66% vs. 13, 60%). Males were more prevalent in the 

high PLR group. Body mass index (BMI) was comparable between groups 28 (IQR 23-

30) vs 24 (IQR 23-30). A higher proportion of patients in both low and high  PLR were 
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Caucasians (n=20) and (n=21) and with only a few non-Caucasians (n=4) and (n=1), 

respectively. Majority of the cohort were also non-Hispanics with 21/24 in the low PLR 

group and 21/22 in the high PLR group. 

 

The median myelitis length was significantly shorter in the low PLR group with 2 (IQR 1-

3) vertebral segments while the high PLR group were 3 (IQR 2-5) vertebral segments 

long (Table 2). The most common location for myelitis was seen in the thoracic cord (9/24, 

37%) for the low PLR group and in the cervical cord (9/22, 39%) in the high PLR group 

(p = 0.892). Longer cervical-thoracic lesions were more common in the PLR <137 group 

(7/24, 29%) whereas thoraco-lumbar lesions were equally seen in both groups. 

 

Although CSF analysis showed no significant association between groups, median CSF 

cell count and glucose trended higher in the high PLR group 3 cells (IQR 2-25) and 62 

mg/dL (IQR 56-75) respectively. IgG indexes were similar between the groups. In the 

blood, total WBC and absolute neutrophil value was slightly higher in the high PLR group 

with 8 k/uL (IQR 7-9) vs 7 k/uL (IQR 6-11) p = 0.624 and  5 k/uL (IQR 4-7) vs 4 k/uL(IQR 

2-5), while monocytes and eosinophils  are slightly higher in the low PLR group with a 

median value of 0.58 k/uL (IQR 0.46-0.63) and 0.20 k/uL (IQR 0.10-0.30), respectively. 

Absolute lymphocytes were comparable between groups. 

 

Platelets were slightly higher in the high PLR group with a median value of 261 k/uL (IQR 

224-323) compared to 250 k/uL (IQR 175-291) in the low PLR group.  EDSS at onset was 

comparable in between groups but with a significantly higher range in the high PLR group 
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4 (IQR 4-5), p = 0.042. Treatment among groups were not significant, with 17/22 (73%) 

of the high PLR group receiving corticosteroids at onset of attack compared to 18/24 

(75%) in the low PLR group. Patients who received additional rituximab was low in both 

groups with only 3 out of 22  from the high PLR group and 2 out of 24 from the low PLR 

group. 

 
Correlation analysis between log PLR and EDSS 
 
There is a positive association between neurological disability (EDSS) and log PLR 

(Spearman’s ρ = 0.299, p = 0.043), as illustrated in (Figure 3) but no significant 

relationship between log NLR and EDSS (Pearson’s r = 0.296, p = 0.050).  

 

Association Between Log PLR and EDSS and other Clinical Variables  

Univariable regression analysis, using EDSS as the dependent variable (Table 3), found 

a weak significant association with log PLR (𝛽 = 1.00, 95% CI 0.01-1.88, p= 0.048). This 

did not hold true in the multivariable regression analysis, after adjusting for age and race, 

there was no association seen with log PLR ( 𝛽= 0.54, 95% CI-0.45-1.53, p = 0.277).   

Same finding was seen when another model was developed controlling for other 

covariates (age, sex, race, TM length and TM location), log PLR did not reach statistical 

significance (𝛽= 0.35, 95% CI -0.72-1.42, p = 0.512). Showing that log PLR was not 

associated with neurological disability (EDSS). 

 

Log PLR and its Impact on Severe Neurological Disability (EDSS ≥4)  

The univariable logistic regression analysis showed the log PLR was not linked to severe 

neurologic disability (EDSS ≥4) resulting to an  OR= 2.59, 95% CI 0.65-12.25, p= 0.196. 
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This assumption for log PLR holds true in the two multivariable models when adjusted for 

other covariates (OR = 1.44, 95% CI 0.24-9.06, p= 0.690)  and (OR= 1.63, 95% CI 0.10-

4.71, p = 0.661). Meanwhile, TM length reached statistical significance across models. 

(Table 4).  

 

Log PLR and its Impact on Relapse among Monophasic ITM and Relapsing DSN-

NMOSD  

Further analysis comparing monophasic ITM and Relapsing DSN-NMOSD who had TM 

as onset presentation was done to determine if log PLR is associated with a relapsing 

course (Table S1). Univariate logistic regression analysis showed that log PLR was not 

associated with relapse (OR = 1.30, 95% CI 0.37-4.69, p= 0.681). After adjusting for age, 

sex, race, TM length, and TM location, log PLR did not show statistical significance OR= 

2.51, 95% CI 0.51-15.05, p= 0.275. However, age and Caucasian race were found to be 

univariately significantly related to relapse.  

 

 

Log PLR and its Impact on Severe Neurological Disability (EDSS ≥4 and EDSS ≥6) 

among Monophasic ITM and Relapsing DSN-NMOSD  

We investigated whether log PLR is a risk factor for severe neurologic disability (EDSS 

≥4) among monophasic ITM and relapsing DSN-NMOSD with TM onset (Table S2). By 

univariate logistic regression, log PLR showed a weak significance OR= 3.79, 95% CI 

1.02-16.94. But after adjusting for age, sex, and race,  log PLR was insignificant with an 

OR = 3.21, 95% CI 0.80-15.16, p= 0.113. Lastly, we adjusted the analysis to consider 
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severe neurologic disability as EDSS ≥6 (Table S3). Our results showed that log PLR 

remain insignificant in both univariate and multivariate analysis (adjusted for age, sex and 

race), yield an OR= 2.84, 95% CI 0.71-12.95, p = 0.150 and OR= 1.87, 95% CI 0.43-8.99, 

p= 0.412, respectively. Although  log PLR was not associated with severe disability, we 

found race, specifically being Caucasian was linked to severe disability in EDSS ≥4  as 

well as female sex in EDSS ≥6,  

 

Hence, after combining monophasic ITM and relapsing DSN-NMOSD with TM onset, our 

analysis revealed that log PLR did not show any significant association with either relapse 

occurrence or the development of severe neurological disability (EDSS ≥4 or EDSS≥6). 

 
DISCUSSION 
 
Previous studies have suggested that PLR and or NLR associate with severity of attacks 

in transverse myelitis (11,14–16). Given the heterogeneity of transverse myelitis, we 

focused on ITM cases that met the Transverse Myelitis Consortium Working Group 

criteria and were defined as monophasic to see if this association held. We further refined 

our cohort to include patients with a minimum 12-month clinical follow-up period, ensuring 

the capture of any recurrent episodes, as the median time to relapse and conversion to 

other demyelinating disease is around 7-12 months (7). In summary, we found no 

statistical association between neurological disability and PLR or NLR. 

 

Platelets play an active role in inflammation and immunity (17). PLR is an easily obtained 

test that can be derived from routine blood tests, making it accessible especially in poorly 
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resourced areas where biomarkers are expensive and sometimes unavailable. Previous 

cardiovascular research examining the association of PLR in acute heart failure (AHF) 

showed that higher PLR is associated with long-term mortality. Large retrospective cohort 

studies also validated the prognostic role of PLR in all-cause mortality in patients with 

AHF (18,19). Recently, PLR has been investigated in NMOSD and MS. In a study by 

Gokce et al., and another by Contentti et al., they investigated the role of PLR in 

distinguishing MS from NMOSD(14,20). These studies showed that PLR was an 

independent predictor of an EDSS score ≥4 at 2 years since the first attack of NMOSD 

but not in MS. 

 

Our cohort predominantly consisted of females and Caucasians. There have been 

contrasting reports on sex distribution in ITM. Although our findings align with previous 

studies on Caucasians and Europeans, where ITM predominantly affects women and 

mostly follows a monophasic course, studies in South Koreans show that ITM is 

predominantly seen in men (7,11,21). However, it is important to note that Min et al.'s 

cohort included both monophasic and recurrent cases of ITM. We hypothesize that their 

cohort predominantly comprised recurrent ITM cases. If this hypothesis holds, it would be 

consistent with findings from another study on South Korean patients, which 

demonstrated that recurrent ITM is predominantly observed in males (22). Hence, to 

assert that monophasic ITM is mostly observed in females requires further investigation, 

as there is limited data on ITM to substantiate this hypothesis. 
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Before the PLR, NLR was also studied to assess inflammatory activity in demyelinating 

diseases. Several studies have shown that NLR is a significant marker associated with 

disease activity, disability, and progression in MS and NMOSD (15,16,23). However, our 

findings show no statistically significant correlation was found between NLR and EDSS. 

Although our finding is inconsistent with the results of Contentti et al., where PLR was 

linked to severe neurologic disability, it is important to understand that our cohort included 

only monophasic patients and PLR was based on laboratory profiles retrieved pre-

treatment and within three months of diagnosis. We excluded patients with recurrent 

episodes because the majority of these patients received immunomodulatory treatment, 

which could have altered the immunological landscape and affected lymphocyte counts, 

lymphocyte subset distribution, and their migration from lymph nodes to the periphery and 

the CNS (24).  Contentti et al. also noted that long-term immunosuppressive therapies 

may have impacted the laboratory profiles of their cohort, particularly regarding PLR. 

They highlighted that the PLR collected at two years was significantly associated with 

EDSS than the PLR at onset. However, it is also important to note that our study trended 

towards a higher odds of having severe disability for PLR. However, the results were not 

statistically significant. This lack of significance may suggest that there is insufficient 

statistical power, due to the small sample size and EDSS scoring’s subjectivity and 

variability among physicians, to detect a significant effect. Furthermore, the wide 

confidence intervals observed in our study may also indicate that true impact can’t be 

inferred from our results. 
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Another caveat to highlight in this study is that racial and gender difference also plays a 

role in the platelet and WBC landscape of a patient. In a population-based survey, Non-

Hispanic Whites have lower platelets compared to Hispanics and females have higher 

counts than men. Hence, PLR is higher in Non-Hispanics (25). This agrees with our study 

wherein we observed a higher median PLR in our cohort. Also, several studies show that 

there are varying reference intervals among different racial groups, which we believe is 

the underlying reason for the discrepancies in analysis and interpretation. In a study 

among Asians, median PLR is around 102-120 compared to our study where the median 

PLR is 137 (Table S4) (26).  

 

Our results are consistent with earlier studies showing higher platelet counts and lower 

absolute lymphocyte counts in Caucasians compared to Asians, Afro-Caribbeans, and 

Africans (27,28). Additionally, the predominance of females in our dataset may also 

contribute to these differences, as evidenced by research indicating that there is sexual 

dimorphism in platelet and leukocyte composition. Additionally, estrogen has also been 

identified as a significant factor in reducing lymphocyte counts and influencing platelet 

activity (29,30). Hence, we believe that these variations in WBC profile and platelet counts 

observed among different race, genders and even age are multifactorial and influenced 

by a combination of genetic, environmental, and hormonal factors. 

 

Another significant finding is that among all variables, it is the length of TM that is strongly 

linked to severe neurologic disability. This finding is not surprising, as several studies on 

transverse myelitis have highlighted that MRI lesion length correlates closely with severe 
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disability (11,31). However, the transient nature of MRI changes makes it a phenomenon 

that diminishes over time. Therefore, the timing of the MRI is crucial in accurately 

capturing the true length of myelitis, as conducting it too early or too late could lead to 

discrepancies in lesion measurement (32,33). 

 

Lastly, we conducted further analysis comparing monophasic ITM and TM-onset 

relapsing DSN-NMOSD to identify factors that increase the risk of relapse and to 

investigate whether  PLR increases the risk of severe disability. In our study, being young 

and Caucasian was more associated with monophasic ITM than with converting to a 

relapsing course. While our follow-up period in the monophasic group was limited to 12 

months, it is important to note that the median time to relapse for TM-onset Relapsing 

DSNMOSD was 13 months. Therefore, we cannot generalize our findings, and there is a 

need for future studies to include patients with longer follow-up to accurately determine 

who will remain monophasic and who will relapse. Univariate logistic regression analysis 

also revealed that being Caucasian increases the risk of severe disability (EDSS ≥4), and 

that being female decreases the likelihood of a more severe disability (EDSS ≥6). 

 

To our knowledge, this is the first study to investigate the role PLR in monophasic ITM. 

To enhance the validity and applicability of our findings, we suggest conducting larger 

studies with diverse, multiracial, and age-restricted populations. Furthermore, future 

research should also aim to compare these findings in patients with other forms of 

transverse myelitis. Such comparative studies would provide a deeper understanding of 
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the role of PLR and other biomarkers across different demyelinating conditions and help 

to establish their potential as indicators of disease activity and disability. 

 

Our study had some limitations. First, the database was built from data collected from a 

university hospital system, which may not represent the total population and may have 

missed cases that only go to limited reference centers; hence, selection bias was present. 

Second, we had stringent inclusion criteria yielding a small sample size; this limitation has 

significant implications for the statistical power of our analysis because it may not 

adequately represent the broader population. Consequently, this reduced power can lead 

to difficulty detecting actual effects or associations that might be present. Third, the 

variability in the timing of blood testing and spinal imaging may fail to capture critical points 

in platelet and lymphocyte levels and also miss acute lesions or changes in the spinal 

cord that are important when measuring TM length. Furthermore, although there is 

adequate follow-up, compared to other studies, our follow-up period is shorter, which 

could potentially miss subsequent TM attacks, impacting our overall cohort. Fourth, the 

cohort was mainly comprised of Caucasians, which may limit its generalizability among 

diverse populations. We also only compared our data to a subset of DSN-NMOSD 

patients; comparing among recurrent ITM, MS, NMOSD and MOGAD to explore 

outcomes across these subpopulations would have provided a deeper understanding of 

how these diseases are related and gained insights into the similarities and differences 

in disease progression. 
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Overall, our study revealed that PLR, although correlated with EDSS, it was not 

associated with severe neurologic disability in monophasic ITM patients. However, it’s 

important to highlight that our findings should be interpreted with caution because of the 

small sample size and exclusivity to monophasic ITM patients. Furthermore, for future 

studies   caution should be exercised  when using inflammatory markers to assess 

disease progression and disability, particularly due to the disparities observed across 

different racial and gender groups. 
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TABLES AND FIGURES 
 

 
 
 
 
 

Figure 1 Transverse Myelitis Consortium Working Group Criteria for Idiopathic Acute 
Transverse Myelitis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Figure 2 Creation of Monophasic Idiopathic Transverse Myelitis (ITM) Database 
MS multiple sclerosis, MOGAD myelin oligodendrocyte glycoprotein antibody associated disease, AQP4 
aquaporin 4, MOG myelin oligodendrocyte, DSN-NMOSD double seronegative neuromyelitis optica 
spectrum disorder, ON optic neuritis, TM transverse myelitis, ADEM acute disseminated encephalomyelitis 

Inclusion criteria 

1. Development of clinical dysfunction attributable to the spinal cord  
2. Defined sensory level and bilateral signs or symptoms  
3. Exclusion of extra-axial compressive etiology  
4. Inflammation within the spinal cord demonstrated by CSF pleocytosis or positive IgG index or 
gadolinium enhancement 
5. Symptoms from onset to reach maximal deficit between 4 hours and 21 days  

Exclusion criteria  

1. Previous radiation to the spine  
2. Clear clinical deficit attributable to anterior spinal artery occlusion  
3. Presence of arteriovenous malformations  
4. Serologic or clinical evidence of connective tissue disease  
5. Central nervous system manifestations of bacterial or viral diseases  
6. Brain MRI abnormalities suggestive of multiple sclerosis  
7. History of clinically apparent optic neuritis 
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Table 1 Baseline characteristics and clinical profile of Monophasic ITM patients with Low 
PLR (PLR <137) and High PLR (PLR ≥137)  BMI body mass index, EDSS expanded disability 

status scale, TM transverse myelitis 
 

Characteristic PLR <137 
(n =24) 

PLR ≥137 
(n =22) 

p value 

Age, mean (SD), years 52 (14) 56 (14) 0.241 

Sex, n (%)   0.913 

Female 16 (66%) 13 (60%)  

                                Male 8 (34%) 9 (36%)  

BMI, median (IQR) 28 (23-30) 24 (23-30) 0.355 

Race, n (%)   0.065 

Caucasian 20 (79%) 21 (95%)  

Non-Caucasian 4 (21%) 1 (5%)  

Ethnicity, n/total (%)   0.632 

Hispanic/Latino 3 (3%) 1 (5%)  

Non-Hispanic/Latino 21 (87%) 21 (95%)  

TM length 2 (1-3) 3 (2-5) 0.051 

Disease duration, median (IQR), years 4.1 (3-6) 4.4 (3-6) 0.479 

 PLR <137 
(n =24) 

PLR ≥137 
(n =22) 

p value 

TM Location n (%)   0.892 

Cervical 7 (29%) 9 (39%)  

Thoracic 9 (37%) 7 (35%)  

Cervico-Thoracic 7 (29%) 5 (22%)  

Thoraco-Lumbar 1 (5%) 1 (4%)  

CSF analysis    

Cell count, median (IQR) 2 (1-15) 3 (2-25) 0.350 

Protein, median (IQR) mg/dl 51 (42-57) 46 (36-63) 0.946 

Glucose, median (IQR) mg/dl 61 (57-67) 62 (56-75) 0.776 

IgG index, median (IQR) 0.55 (0.49-0.64) 0.53 (0.50-
0.60) 

0.676 

WBC Profile, median (IQR)    

          Total WBC(k/uL) 7 (6-11) 8 (7-9) 0.624 

Neutrophil (k/uL)  4 (2-5) 5 (4-7) 0.081 

Eosinophil(k/uL) 0.20 (0.10-0.30) 0.10 (0.00-
0.19) 

0.004 

Basophil(k/uL) 0.05 (0.04-0.06) 0.03 (0.01-
0.04) 

0.014 

Lymphocyte(k/uL) 2 (1-3) 2 (1-2) <0.001 

Monocyte(k/uL) 0.58 (0.46-0.63) 0.50 (0.34-
0.83) 

0.785 

Platelets (k/uL)  250 (175-291) 261 (224-323) 0.163 
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Table 2 

Imaging, laboratory, and treatment profile of Monophasic ITM patients with Low PLR (PLR 
<137) and High PLR (PLR ≥137) EDSS expanded disability status scale, PLR platelet to lymphocyte 

ratio, NLR neutrophil to lymphocyte ratio; Log PLR -log transformed PLR, Log NLR -log transformed NLR 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3 Spearman correlation analysis between log PLR and EDSS. 

Log PLR -log transformed PLR, EDSS expanded disability status scale 

Platelet to Lymphocyte Ratio, median 
(IQR) 

   

EDSS    

at onset 4 (2-4) 4 (4-5) 0.042 

latest 2 (2-3) 3 (2-3) 0.882 

Treatment, n (%)    

Corticosteroid during first attack 18 (75%) 17 (73%) 1.000 

Rituximab during first attack 2 (8%) 3 (13%) 0.960 

 ρ =0.299, p= 0.043 
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Table 3. Linear Regression Analysis of the Association Between Log PLR and EDSS and 
other Clinical Variables TM transverse myelitis; Multivariate Model 1- included variables that were 

univariately significant (age and race) and log PLR; Multivariate Model 2- included variables that were 
univariately significant (age and  race) and log PLR and variables of clinical importance (sex, TM length, 
TM location) 
 

 

 
 Table 4. Logistic Regression Analysis of Factors Influencing Severe Neurological 
Disability (EDSS ≥4) TM transverse myelitis, Log PLR -log transformed PLR, EDSS expanded disability 

status scale; Multivariate Model - included variables that was univariately significant (TM length) and log 
PLR; Multivariate Model 2- included variables that were univariately significant (TM length) and variables 
of clinical importance (age, sex, race and log PLR) 

 Univariate Multivariate Model 1 Multivariate Model 2 

Variables  

𝜷 (95%CI) 

 
p value 

 

𝜷 (95%CI) 

 
p value 

 

𝜷 (95%CI) 

 
p value 

Age 0.04 (0.01-0.10) 0.014 0.02 (-0.01-0.06) 0.099 0.03 (-0.01-0.07) 0.195 

Female Sex -0.73 (-1.66-0.21) 0.125 - - -0.40 (-1.45-0.66) 0.454 

Race       

Non-Caucasian Reference  Reference  Reference  

Caucasian 1.49 (0.10-2.91) 0.040 0.73 (-0.82-2.28) 0.350 0.87 (-0.78-2.53) 0.291 

TM length 1.23 (0.97-1.64) 0.098 - - 0.10 (-0.10-0.27) 0.284 

Log PLR 1.00 (0.01-1.88) 0.048 0.54 (-0.45-1.53) 0.277 0.35 (-0.72-1.42) 0.512 

TM Location       

Cervical Reference    Reference  

Thoracic 0.56 (-0.55-1.68) 0.315 - - 0.34 (-0.77-1.45) 0.541 

Cervico Thoracic 0.04 (-1.16-1.25) 0.945 - - 0.37 (-0.93-1.67) 0.566 

Thoraco-Lumbar 1.21 (-1.24-3.49) 0.343 - - 0.13 (-2.26-2.51) 0.915 

  
Univariate 

 
Multivariate Model 1 

 
Multivariate Model 2 

Variables  
OR (95%CI) 

 
p value 

 
OR (95%CI) 

 
p value 

OR (95%CI)  
p value 

Age 1.02 (0.98-1.08) 0.238 - - 1.01 (0.93-1.12) 0.647 

Female Sex 1.10 (0.27-4.07) 0.894 - - 2.14 (0.48-19.32) 0.449 

Race       

Non-Caucasian Reference    Reference  

Caucasian 14.22 (1.82-29.70) 0.250 - - 7.6 (0.45-8.33) 0.109 

TM length 2.46 (1.34-5.81) 0.016 2.34 (1.26-5.74) 0.028 3.27 (1.52-10.43) 0.013 

Log PLR 2.59 (0.65-12.25) 0.196 1.44 (0.24-9.06) 0.690 1.63 (0.10-4.71) 0.661 
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SUPPLEMENTARY 
 

Table S1. Logistic Regression Analysis of Factors Influencing Relapse in Monophasic ITM 
and Relapsing DSN-NMOSD DSN-NMOSD double seronegative neuromyelitis optica, ITM idiopathic 

transverse myelitis, Log PLR -log transformed PLR; Multivariate Model 1- included variables that were 
univariately significant (age and race); Multivariate Model 2- included variables that were univariately 
significant (age and race) and of clinical importance (sex, TM length, log PLR and TM location) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Table S2. Logistic Regression Analysis of Factors Influencing Severe Neurological 
Disability (EDSS ≥4) among Monophasic ITM and Relapsing DSN-NMOSD 
DSN-NMOSD double seronegative neuromyelitis optica , Log PLR -log transformed PLR, EDSS expanded 
disability status scale; Multivariate Model - included variables that was univariately significant (race and log 
PLR) and other factors of clinical importance (age and sex) 

 
 

 
Univariate 

 
Multivariate Model 1 

 
Multivariate Model 2 

 
Variables 

 
OR (95%CI) 

 
p value 

 
OR (95%CI) 

 
p value 

 
OR (95%CI) 

 
p value 

Age  0.90 (0.84-0.95) <0.001 0.93 (0.87-0.98) 0.016 0.94 (0.88-1.00) 0.052 

Female Sex 0.91 (0.27-3.13) 0.878 - - 0.81 (0.18-3.83) 0.786 

Race       

Non-Caucasian Reference  Reference  Reference  

Caucasian 0.19 (0.04-0.74) 0.018 0.54 (0.11-2.72) 0.443 0.34 (0.10-2.10) 0.248 

TM length       

Non- LETM Reference    Reference  

LETM 1.75 (0.53-6.38) 0.369 - - 1.34 (0.26-6.95) 0.722 

Log PLR 1.30 (0.37-4.69) 0.681 - - 2.51 (0.51-15.05) 0.275 

TM location       

Cervical Reference    Reference  

Thoracic 1.56 (0.322-8.71) 0.763 - - 0.96 (0.14-6.49) 0.964 

Cervico-Thoracic 2.91 (0.66-15.87) 0.276 - - 0.91 (0.11-7.39) 0.923 

  
Univariate 

 
Multivariate 

 
Variables 
 

 
OR (95%CI) 

 
p value 

 
OR (95%CI) 

 
p value 

Age 1.03 (0.98-1.07) 0.197 1.00 (0.95-1.06) 0.881 

Female Sex 1.12 (0.32-3.72) 0.848 1.51 (0.38-6.03) 0.551 

Race     

Non-Caucasian Reference  Reference  

Caucasian 5.10 (1.26-21.50) 0.022 3.8 (0.65-24.76) 0.143 

Log PLR 3.79 (1.02-16.94)  3.21 (0.80-15.16) 0.113 
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Table S3. Logistic Regression Analysis of Factors Influencing Severe Neurological 
Disability (EDSS ≥6) among Monophasic ITM and Relapsing DSN-NMOSD 
DSN-NMOSD double seronegative neuromyelitis optica, Log PLR -log transformed PLR, EDSS expanded 
disability status scale; Multivariate Model - included variables that was univariately significant (sex) and 
other factors of clinical importance (age, race, and log PLR) 

 

 
 

  
Univariate 

 
Multivariate 

 
Variables 

 
OR (95%CI) 

 
p value 

 
OR (95%CI) 

 
p value 

Age 1.03 (0.98-1.08) 0.151 1.02 (0.97-1.09) 0.405 

Female Sex 0.23 (0.05-0.86) 0.035 0.28 (0.06-1.14) 0.082 

Race     

Non-Caucasian Reference  Reference  

Caucasian 1.18 (0.25-8.57) 0.844 0.62 (0.01-6.26) 0.659 

Log PLR 2.84 (0.71-12.95) 0.150 1.87 (0.43-8.99) 0.412 

Characteristic Total 
(n=46) 

Age, mean (SD), years 54(14) 

Sex, n (%)  

Female 29 (63%) 

                                Male 17 (37) 

BMI, median (IQR) 27 (23-30) 

Race, n (%)  

Caucasian 41 (89%) 

Non-Caucasian 5 (11%) 

Ethnicity, n/total (%)  

Hispanic/Latino 4 (9%) 

Non-Hispanic/Latino 42 (91%) 

TM length 2 (1-4) 

Disease duration, median (IQR), years 4 (3-6) 

TM Location n (%)  

Cervical 16 (35%) 

Thoracic 16 (35%) 
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Table S4 Baseline, laboratory, imaging, and treatment profile of all Monophasic ITM 
 

 

 

 

 

 

 

 

Cervico-Thoracic 12 (26%) 

Thoraco-Lumbar 2 (4%) 

CSF analysis  

Cell count, median (IQR) 3 (1-20) 

Protein, median (IQR) mg/dl 50 (41-59) 

Glucose, median (IQR) mg/dl 61 (56-71) 

IgG index, median (IQR) 0.54 (0.50-0.61) 

WBC Profile, median (IQR)  

     Total WBC(k/uL) 8 (6-10) 

Neutrophil (k/uL)  4 (3-7) 

Eosinophil(k/uL) 0.13 (0.07-0.23) 

Basophil(k/uL) 0.04 (0.02-0.06) 

Lymphocyte(k/uL) 1 (1-2) 

Monocyte(k/uL) 0.54 (0.39-0.69) 

Platelets (k/uL)  252 (205-309) 

Platelet to Lymphocyte Ratio, median (IQR) 137 (107-195) 

EDSS  

at onset 4 (3-4) 

latest 3 (2-3) 

Treatment, n (%)  

Corticosteroid during first attack 35 (74%) 

Rituximab during first attack 5 (11%) 
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SUMMARY OF CONCLUSIONS 

 

The concept of Double Seronegative NMOSD and Idiopathic TM remains challenging and 

difficult to manage, primarily due to its overlapping features with other disease and the 

absence of specific diagnostic markers and treatments.  Our study on DSN-NMOSD 

showed that age at onset and clinical manifestation at onset play a significant role in the 

relapse rate. We found that patients who had presented with simultaneous ON and TM 

were more likely to exhibit a monophasic course when compared to patients who 

presented with ON only. Additionally,  in our study on monophasic ITM, we observed a 

correlation between PLR and EDSS scores, yet PLR was not linked to severe 

neurological outcomes, as previous studies have suggested. While we identified variables 

associated with the relapsing rate of DSN-NMOSD and PLR being associated with EDSS 

but not in severe disability and relapse, caution is warranted due to the limited sample 

size of both studies. As a result, the true impact of clinical characteristics on DSN-NMOSD 

and the relationship of PLR with the likelihood of severe disability in Monophasic ITM 

cannot be established. Hence, future prospective studies with a larger sample size and 

diverse population should be done to prove whether these findings on DSN-NMOSD and 

monophasic ITM hold and if these are indeed a distinct disease that follows a different 

pathology. 
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DISCUSSION AND PERSPECTIVES 

 

Up to now, there have been anecdotal case series of DSN-NMOSD regarding its clinical 

course, presentation, and treatment. We were driven to study this population to address 

the challenges of diagnosis and relapse risk related to this DSN-NMOSD. In our study, 

the majority of these 42 DSN-NMOSD cases did follow a relapsing course, which was at 

par with previous studies (8–10). But an interesting finding is that patients who initially 

presents with a simultaneous ON and TM followed a monophasic course. Those who 

presented TM only also showed a reduced risk of relapse compared to those who 

presented with ON. The latter findings is on par with MOGAD studies where ON only 

presentations tend have a higher rate of relapse (11). Another finding is that a later age 

onset is linked to higher relapse rate which contrasts with late onset AQP4 Ab positive 

NMOSD patients (12,13). Overall, our findings show some distinct characteristics only 

observed in DSN-NMOSD which may relate to social determinants of health. 

 

Another understudied related rare autoimmune disease is Idiopathic Transverse Myelitis 

(ITM). The accessibility and affordability of simple blood cell indices prompted 

researchers to use it to evaluate the disease activity and progression, especially in 

countries where biomarker testing is expensive and not available. Using these tests, we 

found that PLR was not associated with severe neurologic disability compared other 

studies on blood indices (6,7,14–16). We also found monophasic ITM is mainly observed 

in female Caucasians compared to other races (6,17). We highly believe that these 
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observed differences are related to certain racial and sexual dimorphism which could 

affect the lymphocyte and platelet composition (18–22). 

 

Both of our studies provide foundational framework for these rare diseases.  First, we 

have established two databases that can be used for future collaborations aimed at 

expanding into a larger database. Second, we minimized variability by employing a 

stringent inclusion criterion to ensure that only appropriate cases were used. Third, we 

ensured a comprehensive understanding of patient profiles and disease characteristics. 

Additionally, our collaboration with researchers from Brazil enhanced our study by 

incorporating diverse perspectives and experiences in managing these conditions. Some 

of the major limitations in both studies is selection bias, small sample size and the lack of 

comparison with other races and disease syndromes, hence limiting its generalizability. 

 

Both diseases have limited literature on their nature and characteristics, with even fewer 

studies focusing on diagnostic and treatment strategies. Therefore, future research 

should aim to compare these diseases with conditions, such as MS, NMOSD, MOGAD, 

and ITM and determine whether they align or constitute distinct entities.  
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