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ABSTRACT
Background Growing evidence shows links between 
septicaemia and non-multiple sclerosis demyelinating 
syndromes (NMSDS); nevertheless, epidemiological 
data are still very limited. This study aimed to explore 
the relationship between septicaemia and NMSDS in a 
general population.
Methods The study included 482 781 individuals 
diagnosed with septicaemia and 1 892 825 age/sex-
matched non-septicaemia patients for the comparison. 
Data were drawn from a population-based nationwide 
National Health Insurance Research Database Taiwan, 
from 1 January 2002 to 31 December 2011. The two 
cohorts of patients with and without septicaemia were 
followed up for the occurrence of NMSDS. The Cox-
proportional hazard regression model was performed to 
estimate adjusted HR after multivariate adjustment.
Results Individuals with septicaemia had a 4.17-fold 
(95% CI 3.21 to 5.4, p < 0.001) higher risk to develop 
NMSDS compared with those without septicaemia. 
Patients aged <65 years had a greater NMSDS risk (<45 
years: HR = 6.41, 95% CI 3.65 to 11.3, p < 0.001; 45–
64 years: HR = 6.66, 95% CI 3.98 to 11.2, p < 0.001). 
Furthermore, females with septicaemia and individuals 
with higher severity of septicaemia were associated with 
increased risks of developing NMSDS.
Conclusions Our results indicated that patients with 
septicaemia were likely to develop NMSDS. A possible 
contributing role of septicaemia in increasing the hazard 
of NMSDS is proposed, based on the outcome that 
individuals with higher severity of septicaemia carried 
elevated threat of encountering NMSDS.

InTRoduCTIon
Oligodendrocytes are responsible for myelin 
production in the central nervous system (CNS).1 
The myelin sheaths cover and insulate axons which 
assist electrical conduction between nerves. Demy-
elinating disorders following oligodendrocyte 
injuries denote the loss of the myelin sheath that 
encloses and defends axons in the CNS. Demye-
lination is likely to be patchy and segmented, with 
diverse distinctive areas being involved chrono-
logically or concurrently. Individuals with demy-
elinating diseases present with various symptoms 
and signs, such as blurred vision, muscle weakness, 
poor balance and neurocognitive impairment.2 The 
neural function might recover gradually through 

regeneration and repair of myelin as remyelination 
does occur. Nevertheless, widespread loss of myelin 
commonly results in irremediable degeneration 
of the axon and the cell body. A comprehensive 
investigation on risk factors of CNS demyelinating 
diseases might provide better solutions to disease 
prevention.

Sepsis is a globally common, lethal and costly 
disease. Based on the third international consensus, 
the current definition of sepsis is life-endangering 
organ dysfunction triggered by a poorly controlled 
host immune response to infection.3 Septic shock, 
a subset of sepsis in which predominantly over-
whelming circulatory, cellular and metabolic 
malformations, has increased hazard of mortality 
compared with sepsis alone.3 Septicaemia is sepsis 
in the presence of multiplication of pathogenic 
microorganisms in the circulating blood. Several 
cases with CNS demyelinating diseases, such as 
transverse myelitis and acute disseminated enceph-
alomyelitis (ADEM), were reported to be associ-
ated with septicaemia.4 5 However, the association 
between septicaemia and demyelinating diseases 
remains to be elucidated, with a lack of an appro-
priate longitudinal follow-up survey.

In this study, we focused on non-multiple scle-
rosis demyelinating syndromes (NMSDS), which 
mainly comprised neuromyelitis optica spectrum 
disorders (NMOSD) and antimyelin oligoden-
drocyte glycoproteinantibody (MOG) associated 
spectrum, after septicaemia. We excluded multiple 
sclerosis (MS) because previous studies demon-
strated that MS is a complex disease.6 Genetic 
susceptibility7 and various environmental factors, 
such as vitamin D deficiency,8 parental smoking9 
and adverse socioeconomic position,10 have been 
proposed to be connected to the pathophysiology 
of MS. Therefore, we aimed to explore the associ-
ation between septicaemia and NMSDS using the 
nationwide 10-year follow-up data (2002–2011) 
in Taiwan. We then theorised that individuals with 
septicaemia had a greater risk of developing subse-
quent NMSDS.

MeThodS
Subject enrolment
To evaluate the association between septicaemia 
and the subsequent NMSDS, Longitudinal Health 
Insurance Database (LHID) Taiwan was applied 
to this study. It is a subdata set of National Health 
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Insurance (NHI) programme which contains over 99% of 
Taiwanese citizens (23 million). The LHID from 2002 to 2011 
encloses the records of sociodemographic status, dates of clinical 
visits, medications and disease diagnosis codes of inpatients and 
outpatients in the format of the International Classification of 
Disease, Ninth Revision, Clinical Modification (ICD-9-CM). All 
data have been deidentified before available for research. The 
data of all patients with an index date, that is, the first hospitalisa-
tion due to septicaemia, between 2002 and 2011 were followed 
up and completed until the end of 2014. All protocols in this 
study were approved by Institutional Review Board of China 
Medical University Hospital (CMUH104-REC2-115(CR-2)).

Patient and public involvement
Patients and public were not directly involved in the develop-
ment of this study.

definition of septicaemia and demyelinating disease by ICd 
classification
The study population included all individuals who had first 
time hospitalisation for septicaemia with specific ICD-9-CM 
codes 003.1, 036.2 and 038 from 2002 to 2011 (N=482 781). 
The definition of ‘first time’ is that those patients were never 
hospitalised for septicaemia before by searching throughout the 
National Health Insurance Research Database (NHIRD) Taiwan. 
The Inpatient Expenditures by Admissions was from 1996 to 
2013. In this study, we selected patients with newly diagnosed 
septicaemia so that we could know the complete history of the 
patients after having septicaemia. NHIRD is a database main-
tained by the government, and the missing rate is very low. The 
data we used in the present study were all completed.

We excluded patients with a diagnosis of MS (ICD-9-CM code 
340) and those with other demyelinating diseases (ICD-9-CM 
code 341) before the index date. The NMSDS here mainly 
comprise NMO and NMOSD, which are mediated by aqua-
porin-4 antibodies, as well as anti-MOG associated spectrum, 
which often presents as an anti-MOG autoimmune encephalo-
myelitis, chronic relapsing inflammatory optic neuritis, ADEM 
or acute haemorrhagic leukoencephalitis. Some patients may be 
classified as unspecified demyelinating diseases of CNS, instead 
of currently identified specific demyelinating diseases. We arbi-
trarily recruited an age/sex-matched control group, 1 892 825 
individuals (a sample size 4-fold that of the septicaemia group), 
from the LHID (2002–2011). Each subject in both groups was 
followed up from the index date to the event of being diagnosed 
as demyelinating diseases. For individuals who did not develop 
demyelinating diseases, the follow-up ended on the date of insur-
ance withdrawal, death or the final day of the research period 
(31 December 2014) (figure 1).

The associated comorbidities were selected as the following 
ICD codes: systemic lupus erythematosus (ICD-9-CM code 
710), depression (ICD-9-CM codes 296.2, 296.3, 300.4, 301.12, 
309.0, 309.1, 311), peripheral vascular disorders (ICD-9-CM 
codes 440, 441.2, 441.4, 441.7, 441.9, 443, 444, 447.1), defi-
ciency anaemias (ICD-9-CM codes 280 and 281), rheumatoid 
arthritis (ICD-9-CM code 714), fluid and electrolyte disorders 
(ICD-9-CM code 276), tobacco use disorders (ICD-9-CM codes 
305.1 and 649.0) and infectious mononucleosis (ICD-9-CM 
code 075).

Statistical analyses
SPSS V.22.0 was used for the statistical analyses. Group differ-
ences in continuous variables were investigated using independent 

samples t-tests. Pearson’s χ2 tests were used to compare the 
distribution of categorical variables between the septicaemia 
and non-septicaemia groups. Furthermore, the multivariate 
Cox proportional hazards model was applied to estimate the 
risk factors of NMSDS, and the outcome was shown as HRs 
with 95% CIs. To examine the interaction between covariates 
associated with septicaemia and NMSDS, we computed adjusted 
HRs, stratified by length of hospitalisation due to septicaemia 
(1–5 days or more than 5 days) and severity of septicaemia. Age 
(<45 years, 45–64 years and ≥65 years), sex and comorbidities 
were included in a regression model. All tests were two-sided, 
and significant differences were indicated when the two-sided p 
values were less than 0.05.

ReSulTS
demographics of the study population
There were 482 781 patients with a diagnosis of septicaemia 
and 1 892 825 non-septicaemia controls recruited in this retro-
spective cohort study. The demographic characteristics were 
shown in table 1. The mean age was about 59 years old and 
most individuals in both cohorts were male (52.1% and 52.4% 
in septicaemia and non-septicaemia groups, respectively). The 
age distribution differed from 0.1% to 1% in each group and 
the mean age difference was only 0.7 years, which was very 
similar between the two groups. However, the population in 
this study was very large, so even the age distribution was very 
close between the two groups, the p-value was still significant. 
There was a higher prevalence of all the comorbidities including 
systemic lupus erythematosus, depression, peripheral vascular 
disorders, deficiency anaemias, rheumatoid arthritis, fluid and 
electrolyte disorders, smoking, infectious mononucleosis in the 
septicaemia group.

The result showed that 144 septicaemia patients developed 
subsequent NMSDS with an overall rate of 6.91 cases per 100 
000 person-years. There were 136 patients having NMSDS in the 
comparison group with an overall rate of 1.10 cases per 100 000 
person-years. The data disclosed that patients with septicaemia 
had 4.17 times (95% CI 3.21 to 5.4, p<0.001) higher risk of 
acquiring NMSDS compared with those without septicaemia 
(table 2). A list of different diagnoses of NMSDS is provided in 
online supplementary table 1.

We further investigated the impact of severity of septicaemia 
on the risk of developing NMSDS. First, individuals hospital-
ised due to septicaemia for 1–5 days or more than 5 days have 
increased risks of developing NMSDS, with HRs 2.17 (95% CI 
1.29 to 3.69, p<0.001) and 4.73 (95% CI 3.62 to 6.18, p<0.01), 
respectively. Second, patients who had been hospitalised due to 
septicaemia for more days during the follow-up period had an 
elevated risk of developing NMSDS (severe group: HR=18.7, 
95% CI 13.7 to 25.6, p<0.001 and moderate group: HR=3.35, 
95% CI 2.25 to 4.98, p<0.001). The risk of septicaemia-re-
lated NMSDS declined in the group with mild severity (the first 
tertile) and showed no significant difference compared with the 
matched controls (HR=0.83, 95% CI 0.47 to 1.45, p>0.05). 
In tables 2 and 3, Cox regression models were conducted. One 
was for all speticaemia patients versus comparison group and 
the comparison group was the reference group. Another was the 
length of stay, 1–5 days, >5 days versus the comparison group 
and the comparison group was the reference group. The other 
was the severity of speticaemia, mild, moderate, severe versus 
the comparison group and the comparison group was the refer-
ence group.

https://dx.doi.org/10.1136/postgradmedj-2019-136667
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Figure 1 Flowchart represents the steps of sample selection from National Health Insurance Research Database (NHIRD) Taiwan. NHI, National 
Health Insurance; NMSDS, non-multiple sclerosis demyelinating syndromes.

The results of NMSDS risks after adjusting age (<45, 45–64 
and ≥65 years), sex and comorbidities are listed in table 3. One 
regression model for each stratification, and the reference group 
was the comparison group. Totally, seven Cox regression models 
were conducted. In tables 2 and 3, all Cox regression models 
were adjusted for the same covariates which include age, sex and 
comorbidities listed in table 1. The HR of developing NMSDS 
was significantly elevated in the septicaemia group, in patient 
groups, including <45 years (HR=6.41, 95% CI 3.65 to 11.3, 
p<0.001) and 45–64 years (HR=6.66, 95% CI 3.98 to 11.2, 
p<0.001). The impact of septicaemia on NMSDS was relatively 
mild in the group ≥65 years (HR=2.45, 95% CI 1.65 to 3.62, 
p<0.001). We also investigated whether septicaemia is a sex-de-
pendent risk factor for acquiring NMSDS. The Cox regression 
analysis demonstrated that the increased risk of NMSDS in septi-
caemia females (HR=4.43, 95% CI 3.12 to 6.29, p<0.001) was 
higher than septicaemia males (HR=3.89, 95% CI 2.63 to 5.75, 
p<0.001).

The influence of comorbidities on the risk of developing 
NMSDS was also investigated. Interestingly, the septicaemia 
patients with and without comorbidities had similar HR of 

developing NMSDS compared with the respective control 
groups (HR=3.74, 95% CI 1.50 to 9.27, p<0.01 and HR=3.95, 
95% CI 3.01 to 5.2, p<0.001, respectively). Details of chronic 
comorbidities including other immunocompromise or autoim-
mune disease in case and comparison groups are provided in 
online supplementary table 2. Moreover, the Kaplan–Meier 
analysis demonstrated that patients with septicaemia had signifi-
cantly higher incidence of NMSDS compared with the matched 
controls (log-rank test p<0.0001, figure 2).

dISCuSSIon
Postinfectious demyelinating diseases, including myelitis, ADEM 
and acute transverse myelitis have been reported.4 11 12 However, 
most of previously reported cases are children and only a few 
adults. By studying a representative database of Taiwanese popu-
lation, this 10-year longitudinal study investigated the associa-
tion between septicaemia and the risk of developing NMSDS. 
The result suggests that septicaemia patients had an increased 
risk of developing NMSDS, especially in females, age <65 years 
and those with higher severities of septicaemia.

https://dx.doi.org/10.1136/postgradmedj-2019-136667
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Table 1 Baseline characteristics

Septicaemia Comparison group

P value(n=482 781) (n=1 892 825)

Age, years

  <18 44 198 (9.2) 176 792 (9.3) <0.0001

  18–64 185 350 (38.4) 741 400 (39.2)

  ≥65 253 233 (52.5) 974 633 (51.5)

  Mean (SD) 59 (24.7) 58.3 (24.5)

Sex, n (%)

  Female 231 254 (47.9) 901 921 (47.6) 0.0018

  Male 251 527 (52.1) 990 904 (52.4)

Comorbidity, n (%)

  Systemic lupus erythematosus 2660 (0.6) 1409 (0.1) <0.0001

  Depression 17 834 (3.7) 22 843 (1.2) <0.0001

  Peripheral vascular disorders 24 252 (5.0) 31 928 (1.7) <0.0001

  Deficiency anaemias 53 278 (11.0) 62 885 (3.3) <0.0001

  Rheumatoid arthritis 5301 (1.1) 7354 (0.4) <0.0001

  Fluid and electrolyte disorders 181 843 (37.7) 191 102 (10.1) <0.0001

  Smoking 61 (0.0) 110 (0.0) <0.0001

  Infectious mononucleosis 734 (0.2) 657 (0.0) <0.0001

Table 2 Incidence of subsequent demyelinating diseases of the central nervous system, rather than multiple sclerosis, stratified by severity of 
septicaemia

n event PYs Rate Crude hR (95% CI) Adjusted hR (95% CI)

All

  Comparison group 1 892 825 136 12 352 780 1.10 Reference group Reference group

  Septicaemia 482 781 144 2 082 900 6.91 5.99 (4.73 to 7.58)*** 4.17 (3.21 to 5.4)***

Length of stay due to septicaemia*

  Comparisons 1 892 825 136 12 352 780 1.10 Reference group Reference group

  1–5 days 91 289 16 523 515 3.06 2.73 (1.63 to 4.59)*** 2.17 (1.27 to 3.69)***

  >5 days 391 492 128 1 559 385 8.21 7.06 (5.54 to 9.01)*** 4.73 (3.62 to 6.18)**

  P for trend <0.0001 <0.0001

Severity of septicaemia

  Comparisons 1 892 825 136 12 352 780 1.10 Reference group Reference group

  Mild (T1) 144 548 14 1 115 282 1.26 1.12 (0.64 to 1.93) 0.83 (0.47 to 1.45)

  Moderate (T2) 145 160 34 657 778 5.17 4.92 (3.36 to 7.19)*** 3.35 (2.25 to 4.98)***

  Severe (T3) 193 073 96 309 840 31.0 28.5 (21.4 to 38.0)*** 18.7 (13.7 to 25.6)***

  P for trend <0.0001 <0.0001

Models adjusted for age, sex and comorbidities listed in table 1. Severity = (total length of hospital stay due to septicaemia during the follow-up duration) ÷ (length of follow-up 
duration). T1, the first tertile:<0.44%; T2, the second tertile: 0.44%–1.58%; T3 the third tertile:>1.58%.
**p<0.01; ***p<0.001.
*The first time hospitalisation due to septicaemia.
PYs, person-years; Rate, incidence rate, per 100 000 person-years.

Septicaemia is a severe systemic infection that is associated 
with life-menacing organ dysfunction triggered by unbalanced 
host immune response. In the present study, we focused on the 
association between the development of NMSDS and preexisting 
septicaemia, which was defined as a serious infection which 
spreads through the entire vascular system of the body. Septi-
caemia could impair CNS function via a variety of mechanisms, 
including metabolic dysfunction,13 oxidative stress14 and micro-
circulatory impairment,15 all of which could instigate sustained 
damage to neurovascular structure. Currently, septicaemia 
has been found to be a risk factor for cognitive impairment,16 
dementia17 and stroke.18 Our data revealed that septicaemia 
might have a lasting influence on increasing the risk for NMSDS.

There was a significant higher risk of developing NMSDS 
in the relatively young age group (<65 years) compared with 
the elderly (≥65 years) in our study. The NMSDS associated 
with several autoimmune disorders, such as giant cell arteritis 
rather than preexisting septicaemia, are relatively common in 
the elderly.19 In our study, the portion of patients with giant cell 
arteritis was very low (less than 0.1% in both cohorts, online 
supplementary table 2). In contrast, fibromyalgia was relatively 
common in group age 45–64 (1.6% and 0.6% in speticaemia 
and comparison groups respectively, online supplementary table 
2). The finding is in agreement with a previous study.20 In our 
study population, the prevalence of comorbidity such as fibro-
myalgia was higher than giant cell arteritis, and these middle 
age septicaemia patients with fibromyalgia are relatively prone 
to have demyelinating syndromes, including MS.21 This may 
explain in part the observation that the 45–64 age group with 
pre-exsiting septicaemia had the highest adjusted HR of devel-
oping NMSDS. Age-related variance of immune response was 
therefore suggested to be associated with development of subse-
quent demyelination after systemic infection. We also found 
that females with septicaemia had a higher risk of developing 
NMSDS compared with male patients.

Systemic infections may induce damage to the CNS even 
though there is no evidence of direct invasion. Mawanda et al 
reported that extra-CNS bacterial infection can trigger diverse 
cognitive dysfunction with an increased risk for dementia.22 
Lindsberg and Grau reported that acute and exacerbating 
chronic infection may contribute to consequent strokes.23 
Various mechanisms have been proposed to explain the impact 
of systemic infections to CNS inflammation, which may further 
induce demyelination disease due to oligodendrocyte injuries.

First, the connections between neurons rely on electrical 
and chemical signals which are controlled within a narrow and 
stable homeostatic regulation. The integration of blood brain 
barrier (BBB) is critical for maintenance of a precise extra-
cellular milieu around synapses and axons. BBB was mainly 
composed of astroglial foot processes, endothelial cells and 
pericytes.24 Dysfunction of BBB resulting from the endothelial 
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https://dx.doi.org/10.1136/postgradmedj-2019-136667
https://dx.doi.org/10.1136/postgradmedj-2019-136667
https://dx.doi.org/10.1136/postgradmedj-2019-136667


311Chou C-H, et al. Postgrad Med J 2019;95:307–313. doi:10.1136/postgradmedj-2019-136667

original article

Table 3 Risk of demyelinating diseases of the central nervous system, rather than multiple sclerosis, in patients with and without septicaemia, 
stratified by age, sex and comorbidity

Variable Septicaemia cohort Comparison cohort Adjusted hR (95% CI)

  Event PYs Rate Event PYs Rate

Age group

  <45 47 753 379 6.24 21 3 489 202 0.60 6.41 (3.65 to 11.3)**

  45–64 51 531 048 9.6 29 3 283 699 0.88 6.66 (3.98 to 11.2)**

  ≧65 46 798 474 5.76 86 5 579 879 1.54 2.45 (1.65 to 3.62)**

Sex

  Female 87 1 060 254 8.21 68 5 924 056 1.15 4.43 (3.12 to 6.29)**

  Male 57 1 022 646 5.57 68 6 428 724 1.06 3.89 (2.63 to 5.75)**

Comorbidities

  No 115 1 893 501 6.07 130 12 135 849 1.07 3.95 (3.01 to 5.2)**

  Yes 29 189 399 15.31 6 216 931 2.77 3.74 (1.50 to 9.27)*

Models adjusted for age, sex and comorbidities listed in table 1.
**p<0.01; **p<0.001.
PYs, person-years; Rate, incidence rate, per 100 000 person-years.

Figure 2 The cumulative incidence curves of non-multiple sclerosis 
demyelinating syndromes for individuals with and without septicaemia.

nitric oxide synthase (e-NOS) related oxidant stress in early 
stage of systemic inflammation has been demonstrated in 
animal studies.25 The e-NOS was found to be associated with 
disturbed cerebral autoregulation in sepsis due to its proin-
flammatory properties, which contribute to malfunction 
of cerebrovascular endothelial cells.25 26 Impaired cerebral 
autoregulation contributes to cerebral hypoperfusion and 
further ischaemic damage to brain tissues in those with septic 
shock.26 27 Moreover, lipopolysaccharides could induce oligo-
dendrocyte damage via activation of neuronal NOS in oligo-
dendrocytes and then cause demyelination.28

Second, severe infections cause systemic inflammation with 
significantly elevated concentrations of inflammatory cytokines, 
such as tumour necrosis factor-α, interleukin 1β (IL-1β) and 
IL-6.29 30 Animal studies provided evidence that the circulating 
cytokines could activate the microglia/macrophages in the CNS, 
which further induced neuronal damage by secreting inflam-
matory mediators.31 32 Furthermore, oligodendrocyte injuries 
evidenced by development of demyelination lesions after direct 
injection of inflammatory cytokines have been demonstrated 
in transgenic mice with overexpression of IL-6 and interfer-
on-gamma.33 34 All of these studies supported the hypothesis that 
cytokines mediate demyelination. Additionally, disruption of 

BBB allows more inflammatory cytokines crossing into the CNS, 
which has been proved by the findings of higher concentrations 
of CSF proteins in septic patients compared with non-septic 
controls.35

Third, molecular mimicry plays an important role in auto-
immunity. Many experiments, using peptides from viral or 
bacterial pathogen, have successfully activated the autoreac-
tive T cells and caused damage to normal tissues.36 37 There-
fore, T cell-mediated autoimmunity could be triggered by 
microbial peptides that have proper structural resemblance 
to self-peptides. There are case reports of CNS demyelinating 
diseases after infection with viral or bacterial pathogens, such 
as Salmonella bacteremia,12 Epstein-Barr virus4 and influenza 
virus.5 Moreover, anti-MOG antibodies have been discovered 
in patients with ADEM5 or longitudinally extensive transverse 
myelitis4 following viral infection. Notably, the detection of 
anti-MOG antibodies is currently assumed to be related with 
NMSDS, rather than MS.38 For patients with a history of septi-
caemia, detection of anti-MOG and aquaporin-4 antibodies in 
serum is suggested, in the presence of a suspicion of demyelin-
ating diseases, such as NMO, NMOSD and anti-MOG-associ-
ated spectrum. Although it has been proposed that acute viral 
infection could trigger autoimmunity via molecular mimicry 
mechanism, it remains unclear whether infection could trigger 
the NMO-associated autoimmunity.39 In spite of the exten-
sive studies on NMO, NMOSD and anti-MOG-associated 
spectrum following infections, patients without a history of 
septicaemia can also develop demyelinating diseases due to 
other autoimmunity disorders. In summary, septicaemia could 
cause damages to oligodendrocytes and accordingly increase 
the risk of developing demyelinating diseases through various 
mechanisms.

ConCluSIonS
Our results showed that the presence of septicaemia was 
prominently correlated with developing subsequent NMSDS. 
The increased risk of NMSDS is greater in septicaemia patients 
aged below 65 years and those with more hospitalisation days. 
Notably, the findings of this study point out the importance 
and necessity of thorough management strategies for septi-
caemia. Further studies are needed to verify whether the early 
intervention for septicaemia can reduce the risk of acquiring 
NMSDS.
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lIMITATIonS
There are several limitations in this study. First, we could not 
access the detailed information about life styles of the patients 
with NMSDS, including intensity of tobacco use, severity of func-
tional disability, laboratory data and image studies because NHI 
Research Database originating from an administrative coding data 
set undersupplied above details. Second, we could not evaluate the 
severity in detail and the prognosis of demyelinating diseases after 
septicaemia. A prospective and longitudinal study will be required 
to investigate the association between cytokine change during 
septicaemia and the severity of NMSDS. Third, the participants 
were recruited according to ICD-9 codes, and this could give rise 
to potential misclassification bias in our analyses. A cross-checking 
system monitoring the correctness of records from diverse hospitals 
is therefore being intensively conducted by the NHI administra-
tion in Taiwan. Furthermore, the diagnosis of several demyelin-
ating diseases such as ADEM can only be made by longitudinally 
following patients to ensure they do not develop any further CNS 
demyelinating lesions which would then fulfil the criteria of MS. 
In fact, the average annual incidence rate of MS in Taiwan was 
0.79/100 000 around, lower than many high-latitude areas,40 and 
we therefore focused on the NMSDS in the present study.

Main messages

 ► Septicaemia is positively correlated with subsequent non-
multiple sclerosis demyelinating syndromes (NMSDS).

 ► The increased risk of NMSDS is greater in septicaemia 
patients aged below 65 years and those with more 
hospitalisation days.

 ► This study points out the importance of thorough 
management strategies for septicaemia, which possibly 
contributes to increased hazard of NMSDS.

Current research questions

 ► Could interventions for septicaemia have beneficial effects 
on onset of non-multiple sclerosis demyelinating syndromes 
(NMSDS)?

 ► What inflammatory mediator(s) responding to septicaemia is 
correlated to development of NMSDS?
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