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Objective: Early and accurate diagnosis of multiple sclerosis (MS) remains a clinical

challenge. The main objective is to evaluate the diagnostic and prognostic value of the

routinely performed immunoglobulin G (IgG) index for MS patients in the Asian population.

Methods: A retrospective study was conducted among a cohort of clinically isolated

syndrome (CIS) patients in China with known oligoclonal band (OCB) status and IgG

index at baseline. We first evaluated the predictive value of IgG index for OCB status.

Secondly, the diagnostic utility and prognostic value of IgG index alone were tested.

Lastly, we incorporated IgG index into the 2017 McDonald criteria by replacing OCB with

either “IgG index or OCB” (modified criteria 1), “IgG index and OCB” (modified criteria 2),

or “IgG index” (modified criteria 3). The diagnostic utility of different criteria was calculated

and compared.

Results: In a CIS cohort in China (n = 105), IgG index > 0.7 forecasted OCB positivity

(X2
= 22.90, P < 0.001). An elevated IgG index was highly prognostic of more clinical

relapses [1-year adjusted odds ratio [OR] = 1.32, P = 0.015; 2-years adjusted OR =

1.69, P = 0.013] and Expanded Disability Status Scale worsening (1-year adjusted OR

= 1.76, P = 0.040; 2-years adjusted OR = 1.85, P = 0.032). Under the 2017 McDonald

criteria (Positive Likelihood Ratio= 1.54, Negative Likelihood Ratio= 0.56), an IgG index

> 0.7 in CIS patients increased the likelihood of developing MS within 2 years, either

when OCB status was unknown (Positive Likelihood Ratio = 2.11) or with OCB positivity

(Positive Likelihood Ratio = 2.11) at baseline; An IgG index ≤ 0.7, along with a negative

OCB, helped rule out the MS diagnosis (Negative Likelihood Ratio = 0.53).

Conclusions: IgG index > 0.7 predicts OCB positivity at the initial attack of MS and is

prognostic of early disease activity. IgG index serves as an easily-obtainable and accurate

OCB surrogate for MS diagnosis in the Asian population.

Keywords: immunoglobulin G index,multiple sclerosis, clinically isolated syndrome, cerebrospinal fluid, McDonald
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INTRODUCTION

Multiple sclerosis (MS) is a demyelinating disease with a poor
outcome if not diagnosed and treated in time (1). Dissemination
in space (DIS) and dissemination in time (DIT) constitutes
the two major pillars in MS diagnosis, both of which require
robust and sufficient evidence (1). For decades, correct diagnosis
at the earliest time point has been the key but unresolved
issue (2). Clinical manifestations alone, given its heterogeneity
and subjectivity, are insufficient for this end. Paraclinical
investigations, including radiological findings and cerebrospinal
fluid (CSF) analysis, are therefore valuable and necessary to
establish a diagnosis of MS (1).

CSF analysis, with its ability to detect intrathecally synthesized
immunoglobulins, in the form of immunoglobulin G (IgG)
index or CSF-specific oligoclonal band (OCB), provide critical
information of central nervous system (CNS) inflammation (3,
4). However, OCB was not routinely tested for CIS patients in
China, partly due to its cost and inadequate recognition among
clinicians. The incomplete workup, therefore, leads to a delay
in the diagnosis of MS. By contrast, IgG index, a quantitative
measurement of intrathecal IgG synthesis (5), is routinely and
universally performed in all the patients with suspected CIS in
China (4, 6). Given its low cost and easy accessibility, IgG index
is still considered a potential candidate for MS diagnosis despite
a relatively low sensitivity (50–75% among MS patients) (3).
Studies on its specificity, however, generated mixing results (7–
10). Furthermore, the prognostic value of IgG index or OCB
remains undetermined based on existing evidence (10–13).

With an extremely low prevalence of 1.39 per 100,000
among the Chinese population, the diagnosis for MS is always
a challenge (14). Furthermore, MS in the Asian population
may present with different clinical patterns from the Caucasian
patients with less disseminated baseline MRI lesions, a more
benign disease course and a lower rate of OCB positivity
(21%-60% in Asians vs. 89.8% in Caucasians) (15–21). Delays
in diagnosis and treatment are not uncommon. Measures
aimed at facilitating an early and accurate diagnosis are
greatly needed.

In this sense, in a CIS cohort in China, we aimed to examine
the value of the routinely tested IgG index for MS in a way that
can be implemented in future practice. We first examined the
predictive value of IgG index or OCB status. Next, we evaluated
the utility of IgG index alone for MS diagnosis and prognosis.
Lastly, we incorporated IgG index into the 2017 McDonald
criteria in different ways (“IgG index or OCB,” “IgG index and
OCB„” and “IgG index alone” as evidence of DIT) and assessed
their diagnostic utility, respectively.

METHODS

Study Design and Participants
This is a retrospective study based on a prospectively collected file
of patients with newly diagnosed CIS from 2012 at the Second
Affiliated Hospital School of Medicine Zhejiang University, a
tertiary referral hospital in Zhejiang province, China. For the
purpose of this analysis, the database was locked on 31st July

2019. Inclusion criteria for the CIS cohort are (1) presentation
within 3 months after an initial attack suggestive of a CNS
inflammatory demyelinating event and not attributable to other
diseases, with a duration of at least 24 hours; (2) age of onset
between 11 to 60 years old; (3) no previous history of central
nervous system demyelinating events; 4) no previous treatment
with disease-modifying drugs (1). Patients eligible for inclusion
in this study should have baseline IgG index and OCB data
at their first clinical attack. Patients reaching an alternative
diagnosis during follow-up were excluded. The demographic
data, the CIS phenotype, CSF data, cranial magnetic resonance
imaging (cMRI) and spinal cord MRI (sMRI) load and disability
[according to the Expanded Disability Status Scale [EDSS] score]
were recorded at baseline. All patients in the CIS cohort were
followed up on a regular basis (every 6–12 months after onset).
On follow-up, the occurrence of clinical relapses, MRI activity,
the EDSS score and DMT use were recorded.

First, longitudinally, we evaluated the diagnostic value of IgG
index vs. OCB alone for MS diagnosis and prognosis in the first
2 years after onset. Second, we incorporated IgG index into the
2017 McDonald criteria and assessed the diagnostic utility of the
modified criteria. We modified the 2017 McDonald criteria by
replacing OCB either with “IgG index or OCB” (as “modified
criteria 1’’ below), “IgG index and OCB’’ (as “modified criteria
2” below) or “IgG index” (as “modified criteria 3’’ below).

Outcomes
For MS diagnosis, two sets of outcomes were used. The
first featured on conversion to clinically definite MS (CDMS)
according to the Poser criteria, which required new symptoms
suggestive of a relapse occurring after at least 1 month after
CIS, and confirmed via examination (22). The second took
into account conversion to McDonald MS (23). Patients were
considered reaching McDonald MS when exhibiting a new
T2 and/or gadolinium-enhancing lesions on follow-up MRI.
Additionally, patients experiencing a second clinical attack also
satisfied the McDonald MS criteria.

For MS prognosis, both disease activity and progression were
evaluated at the end of 1st and 2nd year after onset. Markers
for disease activity included clinical relapses and MRI activity
(the total number of new T2 lesions and gadolinium-enhancing
lesions on MRI) (17, 18). Disease progression was evaluated
with EDSS worsening, defined as an increase of the EDSS score
(24). Only EDSS evaluations performed at stable periods were
considered (24). EDSS increase was confirmed at a scheduled
study visit 6 months later.

Procedures
CSF samples were collected during the first attack before steroid
treatment and were analyzed for the number of white blood
cells, protein and presence of elevated IgG index or OCBs.
Methods for IgG index and OCB evaluations were consistent
across the study period. IgG index was calculated as the CSF-
plasma concentration quotient for IgG divided by the CSF-
plasma concentration quotient for albumin (QIgG/ Qalb) (5). The
CSF and serum samples were measured in parallel by standard
nephelometric assays. An IgG index over 0.7 was regarded as
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elevated (4, 6). OCB was performed using isoelectric focusing
followed by immunoblotting (6, 25). OCB status was considered
positive if there were≥2 unique bands in CSF compared to serum
(4, 6). Examiners were blinded to the identity and diagnosis
of the patients.

Diagnostic cranial MRI scans were performed systemically
at the initial visit in our hospital. Cranial MRIs were repeated
every 6–12 months either at scheduled follow-up visits or at
clinical visits due to relapses. Spinal MRIs were performed
only when symptoms indicated spinal cord involvement. MRI
examinations were acquired on a gradient echo (GE) 1.5-
T MRI scanner (Siemens Healthcare, Erlangen, Germany)
and included the following sequences: axial T1-weighted
images (T1WIs) (400/9–14ms, repetition time [TR]/echo time
[TE]), T2-weighted images (T2WIs) (3,000–6,500/88–110ms,
TR/TE), T2-fluid-attenuated inversion recovery (FLAIR) images
(7,800–9,800/100–160/1,900–2,900ms, TR/TE/inversion time),
and T1WIs with contrast enhancement (1,750–2,500/10–30ms,
TR/TE). The slice thickness ranged from 3 to 6mm. The spinal
cord MRI included axial and sagittal T2WIs (2,000–5,000/90–
120ms, TR/TE, 4mm slice thickness), and sagittal short -tau
inversion recovery sequence (2,500–3,000/70–100ms, TR/TE,
3mm slice thickness).

Statistical Analysis
Descriptive statistics were performed on demographic and
clinical variables. The distribution of quantitative data is
described by median and range. Qualitative data are presented by
absolute and relative frequencies. An estimated 91 patients would
be needed for a study on the diagnostic performance of IgG index,
assuming a specificity of 0.6 (based on preliminary data in our
center), with a two-sided α of 0.05 and δ of 0.1 (26).

Sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), positive likelihood ratio (PLR),
negative likelihood ratio (NLR) and accuracy were calculated as
described before (15). Bias-corrected and accelerated bootstrap
method was used to estimate 95% confidence interval (CI).
Comparison of sensitivity and specificity between IgG index and
OCB was performed with the McNemar test (when b+c < 25,
exact McNemar test was used).

Univariate and multivariate Cox regression analysis were used
to evaluate the predictive value of IgG index/OCB/diagnostic
criteria for an earlier diagnosis ofMS (either CDMS orMcDonald
MS as the endpoint). Generalized linear multivariate regression
analysis was performed using clinical relapses (linear), cMRI
activity (Poisson), sMRI (binomial) and EDSS worsening (linear)
as the outcome. Covariates considered for Cox analysis and
generalized linear analysis included age of onset, sex, clinical
topography, DIS at baseline, CSF cell count, CSF protein
level and disease-modifying therapy (DMT) use prior to MS
diagnosis. Covariates were only retained if they were significant
in univariate analysis or if they had a substantial effect on the
patient outcome.

All statistical analyses and graphs were analyzed with R
(Version 3.3.3 for Mac). P < 0.05 were considered statistically
significant and all P values were 2-sided.

RESULTS

General Characteristics
From January 2012 to July 2019, a total of 154 patients were
enrolled in the CIS cohort; 115 of them had available IgG index
and OCB data at baseline; 10 were further excluded for reaching
an alternative diagnosis during follow-up (neuromyelitis optica,
CNS vasculitis, cerebral autosomal dominant arteriopathy
with subcortical infarcts and leukoencephalopathy, hereditary
leukodystrophy, CNS lymphoma and stiff person syndrome).
Ultimately, 105 patients were included in this analysis. Of the
105 patients, 65 (61.9%) were female and the mean age of CIS
onset was 31 [interquartile range [IQR] 25–46] years old. Eleven
(10.5%) patients presented with optic neuritis, 51 (48.6%) with
a spinal cord syndrome, 24 (22.9%) with brainstem symptoms,
and 19 (18.1%) with other clinical features (hemispheric or
multiregional) (Table 1). All 105 (100%) patients underwent
cranial MRIs at baseline and follow-ups; 95 (90.5%) patients
had spinal MRIs at baseline; 93 (88.6%) underwent spinal MRIs
at the 1-year follow-up; 52 (49.5%) had spinal MRIs at the
2-years follow-up.

Patients were followed up for a median of 32 months
(IQR 23–67 months). During follow-up, 69 patients (65.7%)
underwent CDMS conversion, and 80 (76.2%) reached the
diagnosis of McDonald MS. Twenty (19%) patients were on
immunosuppressive agents at least once (lasting at least 6
months) during follow-up, including one of the available DMTs
in China (beta-interferon or teriflunomide), or off-label drugs
(azathioprine, mycophenolate mofetil, or rituximab); two (1.9%)
patients had initiated treatment prior to their second-attack (both
on teriflunomide) and 1 (1.0%) (teriflunomide) prior to diagnosis
of McDonald MS.

Baseline CSF Characteristics
Of the 105 patients, 44 (41.9%) has an elevated IgG index and
61 (58.1%) exhibited positive OCB at baseline (Table 1). Younger
patients tended to have an elevated IgG index (student t-test, P
= 0.004) and a positive OCB (student t-test, P = 0.005). Neither
IgG index elevation nor OCB positivity was correlated with sex,
presenting phenotype, presence of DIS at baseline, presence of
spinal lesions at baseline, CSF cell count and CSF protein count
(P > 0.05). Seventy-six patients were either IgG index-and-OCB
double-positive or double-negative, leaving the remaining 26
having discordant results of IgG index and OCB. Notably, IgG
index > 0.7 was highly associated with OCB positivity (X2

=

22.90, P < 0.001) (Figure 1). IgG index has a sensitivity of 62.3%,
specificity of 86.4%, PPV of 86.4%, NPV of 62.3%, PLR of 4.57,
and NLR of 0.44 for OCB positivity.

Diagnostic Value of IgG Index vs. OCB
We first evaluated the diagnostic performance of IgG index alone
in diagnosing CDMS among patients with CIS. Patients followed
up for at least 2 years or having a CDMS conversion within 2
years were included in this analysis (n = 99). IgG index had a
sensitivity of 51.47%, a specificity of 70.97%, PPV of 79.55%, NPV
of 40.00%, PLR of 1.77, NLR of 0.68, and accuracy of 57.58%.
By contrast, OCB displayed a significantly higher sensitivity of
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67.65% (P < 0.001) and a lower specificity of 58.06% (P <

0.001). Both PLR (1.61) and NLR (0.56) were lower in OCB. PPV
(77.97%), NPV (45.00%) and accuracy (64.65%) were similar
between the 2 parameters (Table 2). However, neither an elevated
IgG index norOCB positivity was able to predict an earlier CDMS
conversion, according tomultivariate Cox analysis after adjusting
for sex, DMT use and age of onset [adjusted hazard ratio [HR]
= 1.36 [0.82–2.25], P = 0.23 for IgG index; adjusted HR = 1.55
[0.90–2.68], P = 0.11 for OCB].

We also evaluated the diagnostic performance of IgG index or
OCB using McDonald MS as the outcome. Similarly, IgG index
was less sensitive but more specific vs. OCB for McDonald MS
(Supplementary Table 1). Both were not indicative of time to
McDonald MS according to Cox analysis [adjusted hazard ratio
[HR] = 1.35 [0.84-2.18] P = 0.21 for IgG index; adjusted HR =

1.43 [0.86–2.38] P = 0.16 for OCB].

Prognostic Value of IgG Index vs. OCB
Next, we examined the prognostic value of IgG index for early
disease activity and progression in the first 2 years. Patients

TABLE 1 | General characteristics.

DEMOGRAPHICS

Total, No. (%) 105 (100)

Female, No. (%) 65 (61.9)

Age at onset, median (IQR), y 31 (25–46)

CLINICAL FEATURES

Phenotype, No. (%)

Optic neuritis 11 (10.5)

Myelopathy 51 (48.6)

Brainstem/Cerebellar syndrome 24 (22.9)

Hemispheric syndrome 4 (3.8)

Polyfocal 15 (14.3)

Fulfillment of DIS at baseline 42 (40%)

Patients with cranial MRI at baseline 105 (100)

Cranial MRI load (IQR) 3.5 (2–4)

Patients with spinal MRI at baseline 95 (90.5)

Spinal MRI load (IQR) 1 (0–2)

EDSS score at baseline (IQR) 2 (2–3)

PARACLINICAL FEATURES

CSF cell count (IQR) 9 (7–14)

CSF protein (IQR), mg/dl 35 (21–48)

OCB positivity, No. (%) 61 (58.1)

IgG index 0.64 (0.50–0.81)

IgG index elevation, No. (%) 44 (41.9)

FOLLOW-UP

CDMS at follow-up, No. (%) 69 (65.7)

McDonlad MS at follow-up, No. (%) 80 (76.2)

Time to CDMS (IQR), m 12 (5.5–27.5)

Follow-up duration (IQR), m 32 (23–67)

CDMS, clinically definite multiple sclerosis; CSF, cerebrospinal fluid; DIS, dissemination in

space; EDSS, Expanded Disability Status Scale; IgG, immunoglobulin G; IQR, interquartile

range; MRI, magnetic resonance imaging; OCB, oligoclonal band.

FIGURE 1 | Correlation between OCB positivity and IgG index. In

box-and-whisker plots the central horizontal bar shows the median IgG index,

and the lower and upper boundaries show the 25th and 75th percentiles,

respectively. The dashed horizontal line represents an IgG index of 0.7. IgG

index positivity (IgG index > 0.7, the cut-off in our center and also the

often-used cut-off in many other centers) was highly associated with the OCB

status (Chi-square test, X2
= 22.90, P < 0.001). IgG, Immunoglobulin G;

OCB, oligoclonal band.

followed up for at least 1 year (n = 97) or 2 years (n = 77)
were included in the 1-year and 2-years analysis, respectively.
Interestingly, an elevated IgG index was predictive of more
clinical relapses both in the first [adjusted odds ratio [OR]= 1.32
(1.06–1.63), P = 0.015] and second year after onset [adjusted
OR = 1.69 [1.13–2.52], P = 0.013]. In addition, we also found
IgG index highly associated with EDSS worsening in the first
[adjusted OR = 1.76 (1.03–3.01), P = 0.040] and second year
[adjusted OR = 1.85 (1.07–3.22), P = 0.032] after onset. By
contrast, OCB positivity at baseline failed to show a correlation
with the number of clinical relapses and EDSS worsening in
the first 2 years (P > 0.05). Both IgG index and OCB were
uncorrelated withMRI activity (both cMRI and sMRI) in the first
2 years (P > 0.05) (Supplementary Table 2).

Incorporating IgG Index Into the 2017
McDonald Criteria
Patients followed up for at least 2 years or having a CDMS
conversion within 2 years were included in this analysis (n =

99). The modified criteria 1 (IgG index or OCB) displayed a
similar sensitivity (74.55 vs. 69.09%, P = 0.25) and specificity
(48.28 vs. 55.17%, P = 0.5) when compared with the original
2017 criteria; The modified criteria 2 (IgG index and OCB) yet
displayed a significantly lower sensitivity (43.64 vs. 69.09%, P =
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TABLE 2 | Diagnostic performance of IgG index and OCB.

n = 99# Sensitivity Specificity PPV NPV PLR NLR Accuracy

(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

IgG index 0.51 (0.51–0.53) 0.71 (0.70–0.73) 0.80 (0.78–0.81) 0.40 (0.39–0.41) 1.77 (1.86–2.24) 0.68 (0.68–0.73) 0.58 (0.57–0.59)

OCB 0.68 (0.66–0.69) 0.58 (0.57–0.60) 0.78 (0.77–0.79) 0.45 (0.44–0.47) 1.61 (1.57–1.75) 0.56 (0.57–0.63) 0.65 (0.63–0.66)

#Patients followed up for at least 2 years or having the clinically definite multiple sclerosis conversion within 2 years were included in this analysis.

CI, confidence interval; IgG, immunoglobulin G; PLR, positive likelihood ratio; NLR, negative likelihood ratio; NPV, negative predictive value; OCB, oligoclonal band; PPV, positive

predictive value.

TABLE 3 | Diagnostic performance of the modified and 2017 McDonald criteria.

n = 99# Sensitivity Specificity PPV NPV PLR NLR Accuracy

(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

2017 McDonald criteria 0.69 (0.68–0.70) 0.55 (0.54–0.57) 0.75 (0.73–0.75) 0.48 (0.48–0.51) 1.54 (1.51–1.58) 0.56 (0.56–0.59) 0.64 (0.64–0.65)

Modified criteria 1## 0.75 (0.74–0.76) 0.48 (0.46–0.49) 0.73 (0.72–0.74) 0.50 (0.48–0.52) 1.44 (1.44–1.49) 0.53 (0.52–0.54) 0.65 (0.65–0.66)

Modified criteria 2### 0.44 (0.42–0.45) 0.79 (0.78–0.80) 0.80 (0.78–0.80) 0.43 (0.42–0.44) 2.11 (2.08–2.23) 0.71 (0.70–0.72) 0.56 (0.55–0.57)

Modified criteria 3#### 0.58 (0.57–0.60) 0.72 (0.71–0.74) 0.80 (0.79–0.81) 0.48 (0.46–0.49) 2.11 (2.07–2.22) 0.58 (0.57–0.59) 0.63 (0.62–0.64)

#Patients followed up for at least 2 years or having the clinically definite multiple sclerosis conversion within 2 years were included in this analysis.
##The 2017 McDonald criteria was modified with replacement of OCB positivity by “IgG index or OCB positivity”.
###The 2017 McDonald criteria was modified with replacement of OCB positivity by “IgG index and OCB positivity”.
####The 2017 McDonald criteria was modified with replacement of OCB positivity by “IgG index”.

CI, confidence interval; IgG, immunoglobulin G; PLR, positive likelihood ratio; NLR, negative likelihood ratio; NPV, negative predictive value; OCB, oligoclonal band; PPV, positive

predictive value.

0.0001) but a significantly higher specificity (79.31 vs. 55.17%,
P = 0.0015) than the 2017 criteria; The modified 3 (IgG index
instead of OCB) displayed a similar sensitivity (58.18 vs. 69.09%,
P = 0.146) and specificity (72.41 vs. 55.17%„ P = 0.180) than
the 2017 criteria. Notably, the modified criteria 2 and 3 displayed
the highest positive likelihood ratio (PLR) of 2.11 (vs. 1.54 of the
2017 criteria), whereas the modified criteria 2 showed the highest
NLR ratio of 0.71(vs. 0.56 of the 2017 criteria) (Table 3). Cox
analysis revealed that the modified criteria 2 [adjusted HR= 2.30
[1.27–4.15], P= 0.006] were highly predictive of an earlier CDMS
conversion, after adjustment for sex, DMT use and age of onset.

We also evaluated the diagnostic performance of each criteria
using McDonald MS as the outcome (Supplementary Table 3).
Similarly, only the modified criteria 2 was significantly less
sensitive IgG index was less sensitive (P < 0.001) but more
specific (P = 0.016) than the 2017 criteria. According to
multivariate Cox analysis, the modified criteria 2 and modified
criteria 3 were highly predictive of an earlier conversion to
McDonald MS [adjusted HR = 2.17 [1.24–3.79] P = 0.01 for
modified criteria 2; adjusted HR = 1.87 [1.06–3.28] P = 0.03 for
modified criteria 3].

DISCUSSION

Early diagnosis and treatment of MS remains a universal
challenge and particularly a concern in Asia. CSF analysis, with
its ability to detect intrathecal inflammation, is a valuable tool in
this regard (3, 27). As a routinely performed workup for patients
suspected of MS, IgG index is a reachable and cost-effective
candidate as evidence of DIT (1). Its diagnostic and prognostic

value yet lacks real-world evidence from Asian countries, where
OCB result is often lacking at initial presentation, impeding an
early diagnosis of MS (7, 28–30). In a cohort of CIS patients in
China, we found that [1] IgG index > 0.7 is highly suggestive
of OCB positivity; [2] IgG index has a higher specificity and
PPV than OCB for MS diagnosis, and is indicative of early
disease activity; [3] When OCB result is lacking at baseline,
IgG index serves as a specific surrogate of OCB in the 2017
McDonald criteria; when OCB result is available, IgG index and
OCB double-positivity strongly suggests the diagnosis of MS;
whereas IgG index/OCB positivity facilitates the MS diagnosis
without impairing the diagnostic performance.

Intrathecal immunoglobulin synthesis remains a crucial
biological feature in MS, as entailed quantitatively by IgG index
and qualitatively by OCB (1). OCB was known to be more
sensitive in patients with MS than IgG index (90–100 vs. 50–
75%) (3, 31). Its use for the early diagnosis of MS in China is
yet limited by an undetermined specificity among Asians and the
costly and time-consuming testing procedure (13, 15, 16). With
the increasing recognition of the importance of early diagnosis
and treatment in MS, the need for a more accessible marker as
OCB surrogate is also becoming evident (2, 32). In our study,
IgG index and OCB are highly correlated, with IgG index > 0.7
highly suggestive of OCB positivity (PPV: 86.4%, PLR 4.57). In
previous studies in the Caucasian population, the correlation can
be more significant with a PPV even reaching 99% with a cutoff
of 0.7 and 96% with a cutoff of 0.8 (7, 8, 33). It should also be
noted that IgG index≤0.7may not exclude a negativeOCB (NPV:
62.3%, NLR 0.44), in line with previous studies (7, 33). This might
be attributed to the inherent low sensitivity (52%) of the test
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FIGURE 2 | The likelihood of multiple sclerosis diagnosis based on OCB status and/or IgG index positivity in the 2017 McDonald criteria. When compared to the 2017

McDonald criteria (PLR 1.54, NLR 0.56), the modified criteria 2 (IgG index and OCB) and modified criteira 3 (IgG index) displayed a higher PLR (both 2.11) yet a higher

NLR (0.71 and 0.58, respectively). The modified criteria 1 (IgG index or OCB) displayed a lower NLR (0.53) yet a lower PLR (1.44). IgG, Immunoglobulin G; OCB,

oligoclonal band; PLR, Positive likelihood ratio; NLR, Negative likelihood ratio.

given its methodology. IgG index measures the blood-CSF IgG
transfer with the correction of CSF-serum albumin quotient by
assuming a linear relationship between the Qalb and the QIgG

index. It is thereby prone to false-negatives, since Qalb values can
be affected by multiple factors including age, ethnicity and other
environmental conditions (30, 34).

The diagnostic value of IgG index lies in its high PPV (80%),
high PLR (1.77) and high specificity (72%) for CDMS conversion,
compared with a lower PPV (78%), PLR (1.61) and specificity
(58%) of OCB. This means that an elevated IgG index indicates
a greater risk for developing MS in CIS patients in our cohort,
even greater than that of OCB. A normal IgG index, however,
does not equate to excluding the diagnosis. This result was echoed
by a previous study on 460 patients from Austria (33). The lower
diagnostic specificity of OCB forMS in our study, however, might
be explained by the lower prevalence of both MS and OCB in
China (16, 17, 35). Therefore, one potential implication for Asian
patients is the utility of an elevated IgG index for MS diagnosis
and the value of a negative OCB for the exclusion of the diagnosis
(34). Taken together, the advantages of easy accessibility, lower
cost, and a high diagnostic value of IgG index elevation prompted
us to further examine its prognostic utility.

We found IgG index > 0.7 at baseline predictive of early
inflammatory activity in the first 2 years as shown by clinical
relapses and EDSS worsening. By contrast, OCB positivity failed
to predict early disease activity in our study. This finding favoring
the prognostic value of quantitative IgG synthesis over OCB

was also indicated by several large studies before (10, 36–39).
A recent prospective study with 1,376 German patients found
that patients with an elevated IgG index were twice more likely
to develop disability worsening 4 years after onset, whereas
the presence of OCB failed to show a higher risk of EDSS
worsening (10). Klein et al. also found IgG index elevation
one of the strongest predictors of cMRI activity 1 year after
onset in a cohort of 149 CIS patients, with OCB positivity
showing a predictive value though with a smaller odds ratio
(37). However, two large studies based on patients with an
established diagnosis of MS revealed no association between
either OCB status or quantitative measurement of IgG synthesis
and disease progression in patients (13, 39). The discrepancy,
however, was likely due to the inclusion of patients with long
disease duration in the latter 2 studies. Altogether, our results
suggested a higher predictive value of IgG index > 0.7 at
baseline for early disease activity than OCB positivity, which
may reflect the superior prognostic value of quantitative IgG
measurement than the qualitative analysis. It should be noted
that the measurement of intrathecal IgG synthesis is prone to
influences from external factors, including the methodology of
testing (4), age of onset (17), latitude (16), etc. Therefore, further
confirmation would be needed to extrapolate our results in
different populations.

Making the correct diagnosis at the earliest time point
remains the holy grail in MS (40). The 2017 McDonald criteria
partly addressed the issue by including OCB as evidence of
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DIT. Yet the increase in sensitivity of the 2017 criteria was
accompanied by a loss in specificity, according to validation
studies from different populations (15, 41, 42). The limited
accessibility and lower prevalence of OCB in Asia also interfere
with early diagnosis and treatment (7, 17). To circumvent
the issue, we attempted to incorporate IgG index into the
2017 McDonald criteria under different scenarios, hoping to
make full use of the routinely performed test. Firstly, in cases
when OCB result is lacking, we found that the use of IgG
index as OCB surrogate (modified criteria 3) increases the
specificity, PPV and PLR without impairing the NPV and
accuracy. Secondly, in cases when OCB result is available, the
presence of “IgG index and OCB double-positivity” (modified
criteria 2) significantly increased the specificity, PPV and PLR
of the diagnostic criteria yet at the expense of sensitivity,
whereas “IgG index or OCB positivity” (modified criteria 1)
displayed a slightly lower specificity, PLR with a higher sensitivity
and lower NLR. LRs are one of the most practical metrics
for efficient clinical diagnosis and decision-making (43). It
is widely used for its incorporation of both sensitivity and
specificity and independence of disease prevalence. Given the
high PLR of the modified criteria 2 and 3, our findings support
the diagnostic utility of an elevated IgG index as an OCB
surrogate either in cases with an unknown OCB status or
with OCB positivity. Alternatively, given the low NLR of the
modified criteria 1, IgG index-and-OCB double-negativity is also
valuable in excluding the MS diagnosis in the Asian population
(Figure 2).

Our study had several limitations. Firstly, the small sample
size may limit the power of our study. The inclusion of 105
patients in the final cohort is mainly due to the low prevalence
of MS in China (14, 17, 28, 42), the lack of CSF data in
some patients of CIS and the single center nature of our
study. Several attempts were made to increase the validity of
our results, including the standardized methodology of CSF
analysis, the use of multivariate analysis and the employment
of bootstrap method for more precise estimation of confidence
intervals. The second is the use of 1.5T MRI in our center, which
may underestimate the number of radiological relapses during
follow-up. Given the limitation of MRI techniques, we thereby
used other outcome measures in parallel for disease activity
and progression (i.e., clinical relapses and EDSS worsening).
Taken together, considering the potential clinical significance
of IgG index for MS in the Asian population, future studies
based on larger multicenter cohorts are needed to confirm
our findings.

CONCLUSION

In a cohort of CIS patients in China, we identified IgG index >

0.7 highly indicative of OCB positivity. An elevated IgG index
at baseline was a specific marker for CDMS conversion, early
disease activity and progression. IgG index, when elevated, could
be harnessed as an OCB surrogate in the 2017 McDonald criteria
in the Asian population, facilitating an earlier diagnosis of MS.
Future studies with a larger cohort are needed to further validate
our findings.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the ethics committee of the Second Affiliated
Hospital School of Medicine Zhejiang University (approval
number: 2019-082). All patients consented for the use of
their anonymized MRI examinations and clinical details for
research purposes.

AUTHOR CONTRIBUTIONS

YZ, M-TC, and Y-XZ contributed to the concept and design
of the study. YZ and M-TC contributed to drafting the initial
manuscript. FY, J-PZ, WF, and C-HS were responsible for
reading the manuscript for intellectual content. Y-XZ and M-PD
contributed to revising the manuscript for intellectual content.
All authors approved the final version of the manuscript and
contributed to the acquisition and analysis of the data. All authors
contributed to the article and approved the submitted version.

FUNDING

This study was supported by the National Natural Science
Foundation of China [grant numbers 81671283 and 81701266].

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fimmu.
2020.01799/full#supplementary-material

REFERENCES

1. Thompson AJ, Banwell BL, Barkhof F, Carroll WM, Coetzee T, Comi G,

et al. Diagnosis of multiple sclerosis: 2017 revisions of the McDonald

criteria. Lancet Neurol. (2018) 17:162–73. doi: 10.1016/S1474-4422(17)

30470-2

2. Solomon AJ, Corboy JR. The tension between early diagnosis and

misdiagnosis of multiple sclerosis. Nat Rev Neurol. (2017) 13:567–

72. doi: 10.1038/nrneurol.2017.106

3. StangelM, Fredrikson S,Meinl E, Petzold A, Stuve O, Tumani H. The utility of

cerebrospinal fluid analysis in patients with multiple sclerosis.Nat Rev Neurol.

(2013) 9:267–76. doi: 10.1038/nrneurol.2013.41

4. Freedman MS, Thompson EJ, Deisenhammer F, Giovannoni G, Grimsley G,

Keir G, et al. Recommended standard of cerebrospinal fluid analysis in the

diagnosis of multiple sclerosis: a consensus statement. Arch Neurol. (2005)

62:865–70. doi: 10.1001/archneur.62.6.865

5. Link H, Tibbling G. Principles of albumin and IgG analyses in neurological

disorders. III. Evaluation of IgG synthesis within the central nervous

system in multiple sclerosis. Scand J Clin Lab Invest. (1977) 37:397–

401. doi: 10.3109/00365517709091498

6. Andersson M, Alvarez-Cermeno J, Bernardi G, Cogato I, Fredman P,

Frederiksen J, et al. Cerebrospinal fluid in the diagnosis of multiple

sclerosis: a consensus report. J Neurol Neurosurg Psychiatry. (1994) 57:897–

902. doi: 10.1136/jnnp.57.8.897

Frontiers in Immunology | www.frontiersin.org 7 August 2020 | Volume 11 | Article 1799

https://www.frontiersin.org/articles/10.3389/fimmu.2020.01799/full#supplementary-material
https://doi.org/10.1016/S1474-4422(17)30470-2
https://doi.org/10.1038/nrneurol.2017.106
https://doi.org/10.1038/nrneurol.2013.41
https://doi.org/10.1001/archneur.62.6.865
https://doi.org/10.3109/00365517709091498
https://doi.org/10.1136/jnnp.57.8.897
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Zheng et al. IgG Index in Multiple Sclerosis

7. Simonsen CS, Flemmen HO, Lauritzen T, Berg-Hansen P, Moen SM,

Celius EG. The diagnostic value of IgG index versus oligoclonal bands in

cerebrospinal fluid of patients with multiple sclerosis.Mult Scler J Exp Transl

Clin. (2020) 6:2055217319901291. doi: 10.1177/2055217319901291

8. Mares J, Herzig R, Urbanek K, Sladkova V, Sklenarova J, Bekarek V, et al.

Correlation of the IgG index and oligoclonal bands in the cerebrospinal fluid

of patients withmultiple sclerosis. Biomed PapMed Fac Univ Palacky Olomouc

Czech Repub. (2008) 152:247–9. doi: 10.5507/bp.2008.038

9. Siritho S, Freedman MS. The prognostic significance of cerebrospinal fluid in

multiple sclerosis. J Neurol Sci. (2009) 279:21–5. doi: 10.1016/j.jns.2008.12.029

10. Gasperi C, Salmen A, Antony G, Bayas A, Heesen C, Kumpfel T,

et al. Association of intrathecal immunoglobulin G synthesis with

disability worsening in multiple sclerosis. JAMA Neurol. (2019) 76:841–

9. doi: 10.1001/jamaneurol.2019.0905

11. Tintore M, Rovira A, Rio J, Otero-Romero S, Arrambide G,

Tur C, et al. Defining high, medium and low impact prognostic

factors for developing multiple sclerosis. Brain. (2015) 138(Pt

7):1863–74. doi: 10.1093/brain/awv105

12. Joseph FG, Hirst CL, Pickersgill TP, Ben-Shlomo Y, Robertson NP, Scolding

NJ. CSF oligoclonal band status informs prognosis in multiple sclerosis: a

case control study of 100 patients. J Neurol Neurosurg Psychiatry. (2009)

80:292–6. doi: 10.1136/jnnp.2008.150896

13. Becker M, Latarche C, Roman E, Debouverie M, Malaplate-Armand C,

Guillemin F. No prognostic value of routine cerebrospinal fluid biomarkers

in a population-based cohort of 407 multiple sclerosis patients. BMC Neurol.

(2015) 15:79. doi: 10.1186/s12883-015-0330-4

14. Cheng Q, Miao L, Zhang J, Ding SJ, Liu ZG, Wang X, et al. A population-

based survey of multiple sclerosis in Shanghai, China. Neurology. (2007)

68:1495–500. doi: 10.1212/01.wnl.0000260695.72980.b7

15. Zheng Y, Shen CH, Wang S, Yang F, Cai MT, Fang W, et al.

Application of the 2017 McDonald criteria in a Chinese population

with clinically isolated syndrome. Ther Adv Neurol Disord. (2020)

13:1756286419898083. doi: 10.1177/1756286419898083

16. Dobson R, Ramagopalan S, Davis A, Giovannoni G. Cerebrospinal fluid

oligoclonal bands in multiple sclerosis and clinically isolated syndromes:

a meta-analysis of prevalence, prognosis and effect of latitude. J Neurol

Neurosurg Psychiatry. (2013) 84:909–14. doi: 10.1136/jnnp-2012-304695

17. Lu T, Zhao L, Sun X, Au C, Huang Y, Yang Y, et al. Comparison of multiple

sclerosis patients with and without oligoclonal IgG bands in South China. J

Clin Neurosci. (2019) 66:51–5. doi: 10.1016/j.jocn.2019.05.025

18. Piccolo L, Kumar G, Nakashima I, Misu T, Kong Y, Wakerley B, et al. Multiple

sclerosis in Japan appears to be a milder disease compared to the UK. J Neurol.

(2015) 262:831–6. doi: 10.1007/s00415-015-7637-3

19. Nakamura Y, Gaetano L,Matsushita T, Anna A, Sprenger T, Radue EW, et al. A

comparison of brain magnetic resonance imaging lesions in multiple sclerosis

by race with reference to disability progression. J Neuroinflammation. (2018)

15:255. doi: 10.1186/s12974-018-1295-1

20. ChengQ,Miao L, Zhang J, Guan YT, Liu ZG,Wang X, et al. Clinical features of

patients with multiple sclerosis from a survey in Shanghai, China.Mult Scler.

(2008) 14:671–8. doi: 10.1177/1352458507087844

21. Liu Y, Duan Y, Yu C, Qin W, Chen H, Dong H, et al. Clinical isolated

syndrome: a 3-year follow-up study in China. Clin Neurol Neurosurg. (2011)

113:658–60. doi: 10.1016/j.clineuro.2011.05.013

22. Poser CM, Paty DW, Scheinberg L, McDonald WI, Davis FA, Ebers GC,

et al. New diagnostic criteria for multiple sclerosis: guidelines for research

protocols. Ann Neurol. (1983) 13:227–31. doi: 10.1002/ana.410130302

23. Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA, Filippi M, et al.

Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald

criteria. Ann Neurol. (2011) 69:292–302. doi: 10.1002/ana.22366

24. Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an

expanded disability status scale (EDSS). Neurology. (1983) 33:1444–

52. doi: 10.1212/WNL.33.11.1444

25. Keir G, Luxton RW, Thompson EJ. Isoelectric focusing of cerebrospinal fluid

immunoglobulin G: an annotated update. Ann Clin Biochem. (1990) 27 (Pt

5):436–43. doi: 10.1177/000456329002700504

26. Hajian-Tilaki K. Sample size estimation in diagnostic test

studies of biomedical informatics. J Biomed Inform. (2014)

48:193–204. doi: 10.1016/j.jbi.2014.02.013

27. Reiber H, Ungefehr S, Jacobi C. The intrathecal, polyspecific and

oligoclonal immune response in multiple sclerosis. Mult Scler. (1998) 4:111–

7. doi: 10.1177/135245859800400304

28. Eskandarieh S, Heydarpour P, Minagar A, Pourmand S, Sahraian MA.

Multiple sclerosis epidemiology in east Asia, south east Asia and

south Asia: a systematic review. Neuroepidemiology. (2016) 46:209–

21. doi: 10.1159/000444019

29. Petzold A. Intrathecal oligoclonal IgG synthesis in multiple sclerosis. J

Neuroimmunol. (2013) 262:1–10. doi: 10.1016/j.jneuroim.2013.06.014

30. Reiber H, Otto M, Trendelenburg C, Wormek A. Reporting cerebrospinal

fluid data: knowledge base and interpretation software. Clin Chem Lab Med.

(2001) 39:324–32. doi: 10.1515/CCLM.2001.051

31. Teunissen CE, Malekzadeh A, Leurs C, Bridel C, Killestein J. Body fluid

biomarkers for multiple sclerosis–the long road to clinical application. Nat

Rev Neurol. (2015) 11:585–96. doi: 10.1038/nrneurol.2015.173

32. Trojano M, Pellegrini F, Paolicelli D, Fuiani A, Zimatore GB, Tortorella C,

et al. Real-life impact of early interferon beta therapy in relapsing multiple

sclerosis. Ann Neurol. (2009) 66:513–20. doi: 10.1002/ana.21757

33. Mayringer I, Timeltaler B, Deisenhammer F. Correlation between the IgG

index, oligoclonal bands in CSF, and the diagnosis of demyelinating diseases.

Eur J Neurol. (2005) 12:527–30. doi: 10.1111/j.1468-1331.2005.00997.x

34. Deisenhammer F, Zetterberg H, Fitzner B, Zettl UK. The

cerebrospinal fluid in multiple sclerosis. Front Immunol. (2019)

10:726. doi: 10.3389/fimmu.2019.00726

35. Arrambide G, Tintore M, Espejo C, Auger C, Castillo M, Rio J, et al. The value

of oligoclonal bands in the multiple sclerosis diagnostic criteria. Brain. (2018)

141:1075–84. doi: 10.1093/brain/awy006

36. Schwenkenbecher P, Sarikidi A, Bonig L, Wurster U, Bronzlik P, Suhs KW,

et al. Clinically isolated syndrome according to mcdonald 2010: intrathecal

IgG synthesis still predictive for conversion to multiple sclerosis. Int J Mol Sci.

(2017) 18:2061. doi: 10.3390/ijms18102061

37. Klein A, Selter RC, Hapfelmeier A, Berthele A, Muller-Myhsok B,

Pongratz V, et al. CSF parameters associated with early MRI activity

in patients with MS. Neurol Neuroimmunol Neuroinflamm. (2019)

6:e573. doi: 10.1212/NXI.0000000000000573

38. Tintore M, Rovira A, Rio J, Tur C, Pelayo R, Nos C, et al. Do oligoclonal bands

add information toMRI in first attacks ofmultiple sclerosis?Neurology. (2008)

70(13 Pt 2):1079–83. doi: 10.1212/01.wnl.0000280576.73609.c6

39. Lourenco P, Shirani A, Saeedi J, Oger J, Schreiber WE, Tremlett H.

Oligoclonal bands and cerebrospinal fluid markers in multiple sclerosis:

associations with disease course and progression. Mult Scler. (2013) 19:577–

84. doi: 10.1177/1352458512459684

40. Gaetani L, Prosperini L, Mancini A, Eusebi P, Cerri MC, Pozzilli C, et al.

2017 revisions of McDonald criteria shorten the time to diagnosis of

multiple sclerosis in clinically isolated syndromes. J Neurol. (2018) 265:2684–

7. doi: 10.1007/s00415-018-9048-8

41. van der Vuurst de Vries RM, Mescheriakova JY, Wong YYM, Runia TF, Jafari

N, Samijn JP, et al. Application of the 2017 revised mcdonald criteria for

multiple sclerosis to patients with a typical clinically isolated syndrome. JAMA

Neurol. (2018) 75:1392–8. doi: 10.1001/jamaneurol.2018.2160

42. Hyun JW, Kim W, Huh SY, Park MS, Ahn SW, Cho JY, et al. Application

of the 2017 McDonald diagnostic criteria for multiple sclerosis in Korean

patients with clinically isolated syndrome. Mult Scler. (2018) 25:1488–

95. doi: 10.1177/1352458518790702

43. Deeks JJ, Altman DG. Diagnostic tests 4: likelihood ratios. BMJ. (2004)

329:168–9. doi: 10.1136/bmj.329.7458.168

Conflict of Interest: The 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 © 2020 Zheng, Cai, Yang, Zhou, Fang, Shen, Zhang and Ding. 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 8 August 2020 | Volume 11 | Article 1799

https://doi.org/10.1177/2055217319901291
https://doi.org/10.5507/bp.2008.038
https://doi.org/10.1016/j.jns.2008.12.029
https://doi.org/10.1001/jamaneurol.2019.0905
https://doi.org/10.1093/brain/awv105
https://doi.org/10.1136/jnnp.2008.150896
https://doi.org/10.1186/s12883-015-0330-4
https://doi.org/10.1212/01.wnl.0000260695.72980.b7
https://doi.org/10.1177/1756286419898083
https://doi.org/10.1136/jnnp-2012-304695
https://doi.org/10.1016/j.jocn.2019.05.025
https://doi.org/10.1007/s00415-015-7637-3
https://doi.org/10.1186/s12974-018-1295-1
https://doi.org/10.1177/1352458507087844
https://doi.org/10.1016/j.clineuro.2011.05.013
https://doi.org/10.1002/ana.410130302
https://doi.org/10.1002/ana.22366
https://doi.org/10.1212/WNL.33.11.1444
https://doi.org/10.1177/000456329002700504
https://doi.org/10.1016/j.jbi.2014.02.013
https://doi.org/10.1177/135245859800400304
https://doi.org/10.1159/000444019
https://doi.org/10.1016/j.jneuroim.2013.06.014
https://doi.org/10.1515/CCLM.2001.051
https://doi.org/10.1038/nrneurol.2015.173
https://doi.org/10.1002/ana.21757
https://doi.org/10.1111/j.1468-1331.2005.00997.x
https://doi.org/10.3389/fimmu.2019.00726
https://doi.org/10.1093/brain/awy006
https://doi.org/10.3390/ijms18102061
https://doi.org/10.1212/NXI.0000000000000573
https://doi.org/10.1212/01.wnl.0000280576.73609.c6
https://doi.org/10.1177/1352458512459684
https://doi.org/10.1007/s00415-018-9048-8
https://doi.org/10.1001/jamaneurol.2018.2160
https://doi.org/10.1177/1352458518790702
https://doi.org/10.1136/bmj.329.7458.168~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

	IgG Index Revisited: Diagnostic Utility and Prognostic Value in Multiple Sclerosis
	Introduction
	Methods
	Study Design and Participants
	Outcomes
	Procedures
	Statistical Analysis

	Results
	General Characteristics
	Baseline CSF Characteristics
	Diagnostic Value of IgG Index vs. OCB
	Prognostic Value of IgG Index vs. OCB
	Incorporating IgG Index Into the 2017 McDonald Criteria

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


