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Populärvetenskaplig sammanfattning  

Multipel skleros (MS) är en sjukdom som drabbar hjärnan och ryggmärgen. MS klassas som 

en auto-immun sjukdom vilket innebär att det egna immunförsvaret attackerar kroppen. Det 

finns flera varianter av sjukdomen där den skovvisa är den vanligaste och innebär att 

symtomattacker kommer i skov med perioder av förbättring däremellan. 

MS debuterar oftast hos den unga befolkningen och två tredjedelar av patienterna är kvinnor. 

MS är, näst efter trauma, den största orsaken till funktionedsättning relaterad till nervsystemet 

hos den unga befolkningen. I Sverige är ca 180 per 100,000 personer drabbade av MS. 

Flera miljörelaterade riskfaktorer för att drabbas av MS har identifierats. Bland annat har man 

funnit kopplingar till infektion av Epstein-Barr virus (EBV, vilket orsakar körtelfeber), brist 

på D-vitamin samt rökning. 

Standardbehandlingen för MS är läkemedel med dämpande påverkan på immunförsvaret och 

idag finns ett tiotal preparat att tillgå. Läkemedelsbehandling syftar till att förhindra förvärring 

av funktionsnedsättning samt att minska antal skov. 

Blodstamcellstransplantation är en behandlingsmetod som historiskt sett använts för 

blodsjukdomar. De senaste decennierna har man dock funnit en potential i denna metod för 

behandling av auto-immuna sjukdomar som MS. Metoden innebär att man startar om det egna 

immunförsvaret genom att slå ut det gamla med starka cellgifter för att sedan införa 

blodstamceller som återuppbygger den blodcellsproducerande benmärgen. Denna 

behandlingstyp är en potentiellt botande behandling av MS men tyvärr återfaller vissa 

patienter i sjukdomen efter en tid.  

Syftet med denna studie var att identifiera faktorer som är associerade med återinsjuknande. 

63 patienter medverkade i studien och resultaten pekade mot en koppling mellan låga 

vitaminer av D-vitamin och bakterieinfektion i blodet med ökad risk för återfall. Slutsatsen 

var att behandling av D-vitaminbrist hos de patienterna med brist, i förebyggande syfte, är 

rimligt. 
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Abstract  

Background:  

Multiple sclerosis (MS) is a neurological disease with a potentially debilitating outcome. 

Studies have identified several risk factors to develop MS; these include Epstein-Barr virus 

(EBV) infection, vitamin D insufficiency and smoking. Conventional pharmacological 

treatment focuses on either inhibition of immune cell function, inhibition of cell migration or 

direct targeting of specific cell types. A possibly curative treatment is found in autologous 

haematopoietic stem cell treatment (aHSCT) which aims to reset the immune system and 

ameliorate the inflammatory response in the CNS. A majority of patients remain stable after 

aHSCT but unfortunately some patients will relapse after some time. 

Aim:  

To investigate potential risk factors for relapse in MS after aHSCT. 

Method:  

Retrospective collection of aHSCT and MS related data points from medical records of 

patients who underwent aHSCT treatment for MS at Uppsala University hospital with at least 

one year follow up (n=63). Patients, relapse (R+) (n=7) and no-relapse (R-) (n=56), were 

compared and a set of potential risk factors were evaluated. 

Results:  

Bacteraemia during the aHSCT procedure and vitamin D insufficiency pre- and post-

transplant showed a trend of association with relapse with p-values of 0.09, 0.06 and 0.1 

respectively. EBV infection and smoking were not significant risk factors for relapse.  

Conclusion:  

It is reasonable to supplement vitamin D in MS patients scheduled for aHSCT according to 

the recommended guidelines from The Danish Health Authority. 
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Background 

Multiple sclerosis – an introduction 

Multiple sclerosis (MS) belongs to a group of diagnoses called CNS-specific autoimmune 

diseases. Other diagnoses in this group are neuromyelitis optica (NMO), acute disseminated 

encephalomyelitis (ADEM) and idiopathic transverse myelitis (ITM). MS is considered an 

autoimmune disease despite having no defined antigen and in later stages of the disease 

acquiring a more degenerative character, as progressive disease. Progression in disease refers 

to accumulation and worsening of disability. 

MS is a disease with an onset that generally occurs in the younger population but can develop 

between 10-60 years of age with the peak being around the 30’s. Women are affected twice as 

often as men, which consequently means that 2/3 of affected patients are women. Globally, 

the disease has the highest incidence and prevalence in countries furthest from the equator, for 

example the Nordic countries but also southern Australia and New Zealand. This is 

considered to be caused by an interaction between both genetic and environmental factors. 

Certain genetic predispositions seemingly make exceptions to this correlation, as some 

populations remain unaffected despite their geographic location
1
. In Sweden approximately 

18.000 people have a MS diagnosis and the yearly incidence is about 500
2
. 

MS patients, on a group level, experience a decrease in life expectancy of 5-10 years
3
. A 

study from a large US database found that all-cause mortality was increased 2.9 fold in MS vs 

non-MS patients
4
. With increasing severity of disease an increased number of patients with 

various disabilities, which affect daily life, can be seen. MS is, second only to trauma, the 

leading cause of neurological disability in the working-age population
5
. Furthermore, the cost 

to society is quite substantial with the Swedish MS-association approximating it to 6 billion
5
 

SEK back in 2005 with further increases following years. This cost is accrued mainly due to 

MS having its peak incidence in the working age of the population which thereby can lead to 

disabled patients not being able to work due to their disability. Also, patients with disability 

are entitled to a care assistant or home care service which further adds to this cost. Immune-

modulating drugs are expensive but only add a small amount to the total sum. 
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Environmental risk factors for developing MS 

There are plenty of published studies investigating the potential of various environmental risk 

factors and their contribution to the development of MS. The most well-known are vitamin D 

deficiency, Epstein-Barr virus (EBV) infection and smoking. 

A large umbrella review published in Lancet Neurology back in 2015
6
 investigated all above 

mentioned risk factors, amongst others. Regarding vitamin D it was concluded that although 

there is a known connection between increased risk of developing MS with an existing 

vitamin D deficiency, the current evidence is too weak to encourage supplementation as 

prophylaxis. To improve knowledge, the authors encouraged further investigation through 

prospective studies and clinical trials. However, another large study on patients with newly 

diagnosed MS actively treated with interferon beta concluded that early low serum levels of 

vitamin D was associated with higher disease activity and progression
7
. In summary, there 

seems to be inconclusive evidence of vitamin D and its role in MS pathogenesis but it is 

evident that a connection exists and future studies are required to evaluate its potential 

importance. 

With regards to EBV infection and smoking the conclusions from the article in the Lancet
6
 

were consistent with previous knowledge, meaning that they both increase the risk of MS 

development with odds ratios of 1.40 and 1.52 respectively. This shows modest yet positive 

associations for these risk factors. Moreover regarding EBV infection, the risk of MS is even 

further increased if a patient is infected by the virus in adolescence (infectious 

mononucleosis) rather than during childhood
8
. Although smoking is a risk factor for MS 

development it is not associated with disease activity and consequently cessation does not 

directly affect relapse rate
9
.  

From a theoretical point of view there are several mechanisms through which EBV could 

contribute to the pathogenesis of MS. For example EBV seemingly advocates B cells to react 

to certain MS related epitopes
10

 (e.g. myelin basic protein, MBP), this is known as mimicry 

and results in an autoreactive immune response. Another mechanism known as the “bystander 

damage hypothesis” refers to the immune system causing damage in the CNS trying to control 

EBV
11

. A third mechanism is that EBV, using the LMP1 gene, emulates the CD4+ T cell 

stage of B cell maturation and thereby  B cells can bypass this and become a memory cell 

without all the required steps
10

. Lastly, EBV is a known driver of tumour growth in immune 
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compromised individuals
12

 by for example driving cell proliferation and causing avoidance of 

the immune system in B cells. 

Pathophysiology of Multiple Sclerosis 

Various cell types cause inflammation in the CNS in MS disease. This has mostly been 

studied in the animal model for human MS called experimental autoimmune 

encephalomyelitis (EAE). This is a model where many interventions, based on hypotheses 

coming from studies of human pathophysiology, can be safely tested. However, results from 

animal models can never directly be translated to humans which must be kept in mind when 

reviewing experimental data
13

. 

Both the innate and adaptive immune system is involved in MS pathogenesis. The main 

culprit is the T lymphocyte/cell, predominantly CD4+ (T-helper cells) of the Th1-type which 

promotes a cell mediated immune response. One of the main arguments for this is that many 

of the known risk genes for MS are important for T cells in particular. More than 100 genes 

have been described with genetic studies
14

. The gene with the strongest association to the 

development of MS is seen within the HLA-DR locus, with particular observations of the 

HLA-DRB1*1501 gene increasing the risk greatly in studies from different countries 
15

 
16

. In 

the Scandinavian population the odds ratio for developing MS when carrying one copy of 

DRB1 was 3.03, and 11.47 when carrying two copies
16

. 

T cells 

T cells with auto-reactivity against oligodendrocyte epitopes, present in MS-patients, were 

demonstrated in healthy individuals almost 30 years ago
17

.  These cells must for unknown 

reasons increase in numbers, avoid regulatory signals and ignore tissue signalling for a 

previously unaffected individual to transition into an auto-immune condition such as MS. The 

cause of such derangements is to this day a topic of further investigation. 

Antibodies 

Antibody production is another aspect of MS pathogenesis. In CSF analysis of MS patients 

detectable oligoclonal bands of antibodies are a result of plasma cells producing and 

contributing to increased antibody levels
18

. The IgG-index is another common method of 

measuring and estimating intrathecal IgG production
19

. These two methods are today a 

fundamental part of establishing a clinical MS diagnosis. Note, however, that these are not 
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methods exclusive to IgG; they can for example be used in the same way to quantify IgM 

levels
20

. Nonetheless, IgG analysis is what is most commonly analysed in clinical routine. 

B cells 

B cells seem to contribute to MS pathogenesis in other ways than just antibody production 

through plasma cells. Cytokines are known orchestrators of the general inflammatory 

response in human physiology, with both pro- and anti-inflammatory molecules acting in a 

well-coordinated interplay throughout the inflammatory response. A study from 2012 showed 

that the B-cell mediated interleukin-6 (IL-6) pathway is a major mechanism of pathogenesis 

in EAE and that this pathway is upregulated in patients with relapsing-remitting MS (RRMS). 

With rituximab (CD20-antibody) treatment it was observed that IL-6 levels were decreased 

but with auto-antibody levels remaining the same. Furthermore, it was also observed that T-

cell numbers declined with treatment along with amelioration of disease, which suggests that 

B cells sustain the pathological T-cell response in MS
21

. 

Pathological changes found in MS are inflammatory areas in the brain and spinal cord which 

contain demyelination; these so-called plaques are most commonly located in white 

substance. The size of plaques varies greatly, ranging from just a few millimetres to several 

centimetres. Furthermore, the areas where plaques occur differ; most commonly they appear 

in the corpus callosum or the periventricular white matter next to the cerebral cortex. Other 

locations include the optic nerve, cervical spinal cord and to some extent grey matter of the 

cerebral cortex and basal ganglia. With current MRI-standards it is difficult to detect grey 

matter lesions compared to white matter lesions
22

. This finding is consistent with the fact that 

it is difficult to easily differ if a lesion is intracortical, subcortical or a mix of both with MRI-

imaging which is why the term “juxtacortical” is used to describe such lesions. 

Plaques are commonly situated next to a vein and in a new lesion the blood-brain barrier 

(BBB) is often compromised which means that immune cells can enter across it. Active 

lesions contain a variety of inflammatory cells including T cells, macrophages, microglia and 

B cells. T and B cells are cell types that specifically interact with other cells through the major 

histocompatibility (MHC) complex. Other cells in the inflammatory response are unspecific 

and are just a part of the general inflammatory response which is initiated by T and B cells. 

The common denominator in this is the target cell type in the CNS, namely the myelin-

producing oligodendrocyte
23

. Damage to myelin production and maintenance subsequently 
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leads to denudation of the axon which will cause interference in the proper conduction of 

nerve impulses. Nonetheless, this demyelination is only a part of MS symptomatology; other 

components include axonal damage and general atrophy of the brain. 

There are distinct differences in pathology between RRMS and progressive MS disease. 

Progressive MS can roughly be divided into two types: primary progressive (PPMS) or 

secondary progressive (SPMS) with the main difference being when in the disease course this 

progression occurs. RRMS is characterised by focal inflammation (plaques) containing 

demyelination, reduced number of oligodendrocytes, gliosis, transected axons and immune 

cell infiltration. Progressive MS, in comparison, is characterised by cortical demyelination 

and diffuse white matter injury, leading to atrophy, which is rare or absent in RRMS. Focal 

plaques are present in all stages of disease but in RRMS they are more active, in contrast to 

progressive disease where plaques are either inactive or showing slow expansion at the edges 

of the plaque. Progressive MS leads to a more general low-grade inflammation that ends in 

irreversible damage and degeneration
24

. There are important clinical differences between 

these disease types, of which the most important one is that RRMS can be actively treated 

with various immune-modulating drugs. 

Establishing a diagnosis of Multiple Sclerosis 

A clinical MS diagnosis is established using the revised McDonald criteria
25

. The foundation 

for this is based on “dissemination in space and time” of disease activity with clinical 

symptoms compatible with MS. In practice this means that lesions must be either 

radiologically observed or clinically assessed from two separate and MS-specific locations 

(e.g. juxtacortically), at two separate points in time with symptoms accordingly. However, 

since these criteria were recently revised it is now possible to establish a MS diagnosis after 

just one bout of symptoms if MRI-data providing evidence for dissemination in time is 

available
25

. The clinical examination is thus the essential tool and MRI just a complement that 

contributes by hastening the time to diagnosis, assesses the severity of lesion distribution and 

most importantly excludes other possible differential diagnoses, which is key in confirming 

MS disease. 

To objectively assess disability in MS a method called the Expanded Disability Status Scale
26

 

(EDSS) is often used. This EDSS quantifies the functionality of eight systems of the CNS. 

These functional systems are as follows; pyramidal, cerebellar, brainstem, sensory, bowel and 
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bladder, visual, cerebral and others. An attached EDSS, conveying the scoring system used, 

can be found as an appendix at the end of this report. 

Prognosis 

Predicting the outcome MS is not easy due to most numbers on expectancy being based on 

MS in its natural course, but there are some identified predictors that indicate association with 

progression to SPMS and worse prognosis. These are symptoms from efferent systems, high 

frequency of relapses and incomplete remission of relapse bouts during the first five years 

after an established diagnosis
27

. 

Furthermore, studies using MRI-scans have conclusions indicative of high lesion load, brain 

atrophy and large ventricle volumes being associated with worse prognosis
28,29

. 

Treatment of Multiple Sclerosis 

Two key mechanisms when it comes to pharmacological MS treatment are immune cell 

suppression by inhibition of normal cell functionality (a well-known example is general 

immune suppression caused by corticosteroids) and inhibition of immune cell migration. An 

example of this is the monoclonal antibody natalizumab which inhibits an integrin molecule 

on the leukocyte surface that leads them to being unable to neither cross the BBB nor further 

maintain inflammation.  

A third and more recently used method is targeting cells specifically with consequent 

reduction of their functionality. An example of this is the CD-20 antibody rituximab which 

targets B cells. 

In MS one of two treatment strategies can be used; escalation or induction treatment. The 

term escalating refers to that treatment begins with relatively safe immune-modulating drugs 

and only steers towards more aggressive ones if treatment fails. Common drugs to start 

treatment with are safe options such as interferon beta and glatirameracetate. Examples of 

second-line treatment are immunosuppressant drugs such as natalizumab, alemtuzumab and 

mitoxantrone. Highly intense treatment such as HSCT is considered a third-line treatment. 

Induction is, in contrast, the decision to begin treatment with the intention of long term 

stability and reduction of disease activity. This method is generally reserved for patients with 

very active disease due to the possible serious side effects of immunosuppressant drugs. The 

strategy involves weighing the side effects of such drugs opposed to gaining control of 
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disease and being able to initiate maintenance treatment with immune-modulating drugs
30

. 

HSCT can be used as an induction method and, if successful, with a potentially curative 

outcome. Today, HSCT is only used in select cases of MS but its potential is growing and an 

increasing number of patients are receiving this treatment. 

Haematopoietic stem cell transplantation, HSCT 

HSCT is the multi-step procedure of recreating the blood and lymphoid system by replacing it 

with a new one derived from haematopoietic stem cells. Autologous transplantation means 

that the patient is re-infused with his or her own stem cells whilst with an allogeneic 

transplantation these cells are retrieved from a matching donor. This procedure has 

historically been used to treat haematological malignancies and diseases since its discovery 

over 50 years ago
31

. 

Allogeneic transplants are mostly used for malignant indications and have a lower risk of 

relapse in leukaemia than seen in autologous transplants. This, however, comes at the cost of 

higher transplant related mortality as a consequence of graft-versus-host disease (GVHD). 

The lower incidence of relapses has also been observed with use against auto-immune 

disease
32

 but due to increased mortality with the procedure, autologous transplant is today the 

method of choice for such indications. 

An autologous HSCT (aHSCT) is performed in four steps; mobilisation, harvesting, 

conditioning and re-infusion. Mobilisation is performed by administration of granulocyte 

colony stimulating factor (G-CSF) with or without added cyclophosphamide. This leads to 

haematopoietic stem cells (HSC:s) leaving the bone marrow to enter peripheral blood where 

they can be harvested through a method called leukapheresis. These HSC:s are then 

cryopreserved until used. Before the HSC:s can be returned the old bone marrow has to be 

ablated, which is done by an intense regimen of chemotherapy also known as conditioning. 

Thereafter, when the patient is pancytopenic the HSC:s are re-infused in order to reconstitute 

a new bone marrow. Bear in mind that this is not done in one session; the entire procedure 

takes several weeks. Patients are usually admitted upon several different occasions to perform 

these steps and particularly during the pancytopenic stage when the patient is very susceptible 

to infections. An illustrated summary can be found in figure 1, which was included in a 2017 

review article
33

 that addresses this topic in a more thorough manner. 
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Figure 1. The process of aHSCT. Illustration of the four steps of aHSCT; mobilisation, harvesting, 

conditioning and re-infusion. CD34 = haematopoietic stem cells. Used with permission from Nature 

Reviews Neurology. 

 

The main purpose of aHSCT in MS is to eliminate the abnormal immune system via the 

conditioning regimen with hopes of rebuilding an immune system with a re-established 

immune tolerance. As T cells are the main actors in the pathological immune response of MS, 

their fate post-transplant was investigated back when aHSCT was introduced as a method. 

What was discovered was that the T-cell population did not seem to differ significantly from 

their structural and functional properties pre-transplant and that they had retained their 

myelin-specificity through the ablative process
34

. As mentioned earlier with oligodendrocyte 

auto-reactivity, such cells seem to be part of the normal immune repetoire
35

 and therefore 
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need some type of unknown trigger to initiate a pro-inflammatory response, i.e. causing a 

relapse. 

Adverse effects, such as neutropenic fever, are to be expected when patients lose their 

immune system function, although for a short period of time. Previously in Sweden more 

intense chemotherapy regimens, commonly the BEAM regimen (see box 1), were used. 

Nowadays, less intense regimens are used due to findings that high intensity regimens are not 

necessarily more effective against disease progression and that they are associated with 

serious adverse effects such as deadly infections and secondary haematological disease 

complications
36

.  

Box 1. 

 

Despite these possible complications, aHSCT is an effective method that can be performed 

with a high degree of safety and good effect if performed at experienced centres and when 

using a low to moderate intensity regimen. This was shown in a study involving neurologists 

at major hospitals in Sweden
37

. 

Relapse after aHSCT for MS 

Unfortunately, there is no guarantee that an aHSCT treatment is completely curative. Though 

rare, relapse cases have occurred despite generally promising results for this treatment.  

Determining the clinical relevance of a suspected relapse can be difficult even for experienced 

clinicians and there are many pitfalls to avoid with pseudo-relapses being a common one. 
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They are as the name insinuates symptoms that resemble those of a relapse with the most 

notorious type being the so-called Uhthoff phenomenon. This is the worsening of symptoms 

due to decreased nerve conduction caused by an increased body temperature as a consequence 

of for example exercise or a fever
38

.  

Aim 

The aim of this study was to investigate potential risk factors for relapse in MS after 

autologous haematopoietic stem cell transplantation. 

Method 

Ethical approval 

This study was approved by the Regional Ethical Board of Uppsala. (EPN Dnr 2012/080/1). 

The study cohort 

The cohort for this study was based on the MS-patients treated at Uppsala University hospital, 

Uppsala, Sweden. All patients that had received aHSCT-treatment for MS with at least one 

year of follow up (n=63) were included. The study cohort was divided into two subgroups 

based on if they had a relapse after the treatment or if they remained clinically stable. A 

relapse was defined as: “new symptoms from the central nervous system lasting >24h” 

alternatively any presence of gadolinium (Gd)-enhancing lesions on an MRI-scan.
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Figure 2. The study cohort consisted of all patients who underwent aHCST for MS with at least one year 

follow-up. The study cohort was then divided into two smaller groups after thorough assessment of 

relapses. 

 

 

Data collection and analysis 

Data were extracted from medical records of the included patients. All data were collected 

retrospectively. 

Data specifications 

Some data were extrapolated. For example, child patients were assumed to be non-smokers. 

Also, only intravenous admission administration of antibiotics was accounted for, oral 

administration was excluded. Regarding neutropenic fever and bacteraemia, these were 

divided into two separate entities and therefore when there were data for one, those data were 
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accounted for as missing in the other. CSF analysis post-transplant values were based on the 

latest performed lumbar puncture with regards to present day and due to this, the duration 

since the transplant could vary. Lastly, in the follow-up period after HSCT patients with a 

positive polymerase chain reaction (PCR) for EBV and cytomegalo virus (CMV) were 

included even if the infection was subclinical. All included variables are summarised in Table 

1 below. 

Table 1. Summary of analysed data points and respective units of measurement. CSF = cerebrospinal 

fluid, poly = polymorphonuclear cells, mono = mononuclear cells, OCB = oligoclonal band, vit D = vitamin 

D 

VZV reactivation 

(yes/no)

IgG-OCB post-transplant 

(pos/neg)

25-OH-vit D levels post-

transplant (nmol/L)

EBV reactivation 

(yes/no)

IgM-index post-transplant 

(CSF-IgM/P-IgM)

CD4/8 cells, at 24 

months (quantity/µL)

CMV reactivation 

(yes/no)

IgG-OCB pre-transplant 

(pos/neg)

25-OH-vit D levels pre-

transplant (nmol/L)

C-reactive protein 

(mg/L)

IgG-index post-transplant 

(CSF-IgG/P-IgG)

Antibiotics (days)
IgM-index pre-transplant 

(CSF-IgM/P-IgM)

IgG-index pre-transplant 

(CSF-IgG/P-IgG)

CD4/8 cells, at 12 

months (quantity/µL)

Stem cell amount 

(10^6)

CSF-poly pre-transplant 

(10^6/L)

CD4/8 cells, at baseline 

(quantity/µL)

Duration since first 

symptom (years)
Age (years)

Duration 

pancytopenia (days)

CSF-poly post-transplant 

(10^6/L)

CD4/8 cells, at 6 

months (quantity/µL)

Duration since 

diagnosis (years)
Gender (M/F)

Fever (>38°C)
CSF-mono pre-transplant 

(10^6/L)

Number of relapses 

pre-transplant
Smoking (yes/no)

Neutropenic fever 

(yes/no)

Number of 

treatments

EDSS at transplant 

decision (0-10)

CSF-mono post-transplant 

(10^6/L)

Bacteraemia 

(yes/no)

HSCT - transplant 

related data
CSF analysis Immunology Clinical data

Demographics & 

Smoking

 

Statistical method 

The Mann-Whitney method was used to analyse continuous data while the Fischer method 

was used to analyse categorical variables. All analyses were processed through Prism 7.0c 

(GraphPad Software Inc. La Jolla, Ca). Numerical data are represented by mean values and 

standard deviations whilst contingency analyses are presented with percentages of the total 

amount of collected data points. In the results table, if n is lower than the total number of 

patients (ntot)  in the study group it is due to a lack of data during collection. A two-tailed p-

value <0.05 was considered statistically significant. 
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Results 

The aim of the study was to investigate potential risk factors for relapse in MS after aHSCT. 

This was done by thorough retrospective data gathering and analysis from MS patients which 

had underwent aHSCT treatment at Uppsala University hospital with at least one year follow-

up. Potential risk factors were identified and underwent further statistical analysis in selected 

cases. Data are summarised in Table 2 and 3. 

Demographics and smoking 

The demographical variables are summarised in Table 2. The proportion of smokers was 

42.9% (3/7) in the R+ group and 33.3% (16/48) in the R- group (p=0.68) 

Clinical data 

Disease duration, number of treatments and number of relapses were higher in the R+ group 

but EDSS score was slightly lower. 

Immunology 

Due to insufficient data at baseline and 6 months for both CD4 and CD8 cells, only data for 

month 12 and 24 are presented.  

25-OH-vitamin D levels were numerically lower than the reference limit in the R+ group both 

pre-and post-transplant with (p=0.06) and (p=0.11) respectively. 

CSF analysis 

Analysed cells were increased both pre- and post-transplant in the R+ group. The IgG index 

was elevated, above the reference limit, in the R+ group both pre-transplant (p=0.61) and 

post-transplant (p=0.44). Few patients provided data on the IgM index and only minor 

numerical differences were found. 
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Table 2.  Numerical data presented in mean values and standard deviations, categorical variables 

presented as percentages. (–) indicates that the calculation was not performed. 

n = 7 n = 56 p-value 

-

4 (57.1%) 37 (66.1%) -

3 (42.9%) 16 (33.3%)* 0.6823

-

-

-

-

-

3 24 -

2 14 -

3 24 -

2 14 -

3 21 0.0642

3 20 0.1152

4 25 -

5 35 -

5 28 -

5 35 -

6 42 0.61

6 38 0.4461

3 26 -

5 27 -

6 (100%)* 41 (95.3%)* -

3 (60.0%)* 24 (63.2%)* -

*Indicates that data on the entire group was unavailable, the percentage is based on collected contingency data.

If the n column is blank a full numerical data set was available.

-

0.122 ± 0.095

-

-

0.131 ± 0.089

-

IgG-OCB post-transplant (pos/neg)

7.0 ± 6.1

1.31 ± 1.30

0.97 ± 0.54

0.69 ± 0.38

0.235 ± 0.202

10.8 ± 8.9

3.0 ± 2.36

1.46 ± 1.16

1.01 ± 0.60

0.173 ± 0.104

0.2 ± 0.35

66.3 ± 36.2

0.36 ± 0.53

0.11 ± 0.26

Variable (unit)

25-OH-Vitamin D levels pre-transplant (nmol/L)

25-OH-Vitamin D levels post-transplant (nmol/L)

CSF analysis

CSF-poly post-transplant (10^6/L)

CSF-mono pre-transplant (10^6/L)

CSF-mono post-transplant (10^6/L)

IgG-index pre-transplant (CSF-IgG/P-IgG)

IgG-index post-transplant (CSF-IgG/P-IgG)

IgM-index pre-transplant (CSF-IgM/P-IgM)

CD8 cells, at 24 months (quantity/µL) 552 ± 320

4.2 ± 5.1

5.4 ± 5.2

1.7 ± 1.1

4.0 ± 1.8

IgM-index post-transplant (CSF-IgM/P-IgM)

IgG-OCB pre-transplant (pos/neg)

69.6 ± 42.4

319 ± 178

429 ± 202

418 ± 347

CSF-poly pre-transplant (10^6/L)

384 ± 214

763 ± 367

352 ± 180

505 ± 230

32.3 ± 16.7

42.5 ± 22.2

3.25 ± 4.2

Immunology

CD4 cells, at 12 months (quantity/µL)

CD4 cells, at 24 months (quantity/µL)

CD8 cells, at 12 months (quantity/µL)

-

-

6.3 ± 4.5

R+  R- 

Demographics and smoking

Age (years) 34 ± 10.4 34.2 ± 8.2

mean ± SDmean ± SD

Female gender

Smoking (yes/no)

Clinical data

Disease duration since first symptom (years)

Disease duration since diagnosis (years)

Number of relapses pre-transplant

Number of treatments

EDSS at transplant decision (0-10)

3.7 ± 2.9

4.6 ± 2.0

1.9 ± 0.6

3.9 ± 2.2

-

-

8.0 ± 4.1

 

Pre-transplant, the proportion of IgG-OCBs was 100% (6/6) in the R+ group and 95.3% 

(41/43) in the R- group. Post-transplant the proportion was 60% (3/5) in the R+ group and 

63.2% (24/38) in the R- group. 

HSCT – transplant related data 

The amount of stem cells and duration of pancytopenia was lower in the R+ group. The 

BEAM regimen was used for 42.9% (3/7) of patients in the R+ group and 28.9% (16/55) in 

the R- group. 
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Table 3. Numerical data presented in mean values and standard deviations, categorical variables 

presented as percentages. (–) indicates that the calculation was not performed. 

n = 7 n = 56 p-value 

-

-

3 (42.9%) 16 (28.6%) -

6 (85.7%) 40 (71.4%)

3 (42.9%) 31 (55.4%) 0.6937

3 (42.9%) 8 (14.3%) 0.0951

6 46 0.4704

55 0.1723

1 (14.3%) 13 (23.2%) >0.9999

0 (n/a) 5 (8.9%) >0.9999

2 (28.6%) 7 (12.5%) 0.2598

*Indicates that data on the entire group was unavailable, the percentage is based on collected contingency data.

If the n column is blank a full numerical data set was available.

Note that fever overlaps with neutropenic fever and bacteraemia, though separately.

BEAM regimen (yes/no) - -

CMV (yes/no) - -

VZV (yes/no) - -

Viral reactivation

EBV (yes/no) - -

Bacteraemia (yes/no)

Antibiotics (days) 10.6 ± 6.5 6.7 ± 4.8

Infection

Fever (>38°C) - -

Neutropenic fever (yes/no) - -

Duration pancytopenia (days) 11.4 ± 1.4 12.0 ± 3.2

- -

C-reactive protein (peak value) 137 ± 124 84 ± 62

R+  R- 

Variable (unit) mean ± SD mean ± SD

HSCT - transplant related data

Stem cell amount (10^6) 8.27 ± 4.80 8.57 ± 4.95

 

Infection 

The proportion of fever was 85.7% (6/7) in the R+ group and 71.4% (40/56) in the R- group. 

Neutropenic fever was diagnosed in 42.9% (3/7) of R+ patients and 55.4% (31/56) of R- 

patients (p=0.69). Bacteraemia was diagnosed in 42.9% (3/7) of R+ patients and 14.3% (8/56) 

of R- patients (p=0.09). 

C-reactive protein showed a higher mean value in the R+ group (p=0.47). Antibiotics were 

administered during more days in the R+ group (p=0.17). 

Viral reactivation 

EBV reactivation was observed in 14.3% (1/7) patients in the R+ group and in 23.2% (13/56) 

patients in the R- group (p>0.99). CMV reactivation was observed in no patient in the R+ 

group and 8.9% (5/56) in the R- group (p>0.99). Varicella zoster virus (VZV) activation was 

observed in 28.6% (2/7) in the R+ group and 12.5% (7/56) in the R- group (p=0.25). 
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Discussion 

The study cohort was representative for the general MS population in the sense that patients 

were fairly young and the majority of patients were female. However, the included patients 

had an aggressive disease with frequent and/or severe symptom bouts and quick progression 

in disability, which separated them from the typical and uncomplicated MS patient. 

Interestingly, despite the small study groups the number of smokers was surprisingly high. 

The Organisation for Economic Co-operation and Development (OECD) presented statistics
39

 

on smoking in Europe and Sweden was the country with the fewest smokers at 14% of the 

population in 2010 (the European average was 23%). In 2012 about 13% of the Swedish 

population smoked daily but if added to the amount of snus (snuff) users, the tobacco using 

population is about one in four persons, at 24% of the whole population. The result of this 

study is consistent with a higher number of smokers in the general MS population. However, 

since any grade of smoking was included (from a few years to long daily use) it is difficult to 

draw any further conclusions from this but seeing as smoking is major preventable risk factor 

for MS, such a high prevalence is an interesting finding and should be prevented actively. 

The differences in the levels of vitamin D are the most promising finding of this study with 

results indicating insufficient levels in the relapse group. There is no true consensus in 

vitamin D thresholds but a cut off of 50 nmol/L is often used for insufficiency and a cut off of 

30 nmol/L for deficiency
40

. A pre-transplant mean vitamin D level of 32.3 (2/3 patients 

severely insufficient) and a post-transplant mean vitamin D level of 42.5 (one deficient 

patient, one severely insufficient and one within normal range) in the relapse group suggest 

that vitamin D may play an important role in treatment success. 

Vitamin D supplements are one of the most common types of supplementation
41

 used by the 

general population due to their rumoured health benefits for many widespread common 

diseases (e.g. cardiovascular disease and depression). Serum levels of 25-OH-vitamin D of up 

to 125 nmol/L are considered within a safe interval
40

. 

The first symptom of high vitamin D activity is an increased urinary secretion of calcium due 

to lowered reabsorption in the kidneys as a result of low parathyroid hormone (PTH) levels. 

When the kidneys are unable to control rising calcium levels in the bloodstream 

hypercalcemia develops in serum which later on may lead to associated symptoms
42,43

. 
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A study
44

 performed at Mayo clinic during the years 2002-2011 concluded that despite a large 

suspected increase in the use of vitamin D supplements no evidence of toxicity has been 

observed. Nonetheless, the authors encouraged monitoring of serum vitamin D levels when 

supplementing with >4000 IE daily. 

Vitamin D deficient individuals were in a study administered vitamin D2 (ergocalciferol) 

doses of up to 50000 IE every other week (equivalent to about 3300 IE daily) for a 6-year 

period to prevent reoccurrence. During this time the 25 with-OH-vitamin D levels maintained 

within a desired range (in the study 100-150 nmol/L) without signs of toxicity
45

. 

The European Food Safety Authority (EFSA) has set the tolerable upper intake level for 

vitamin D3 (cholecalciferol) to 100µg (4000 IE) daily
46

. Note, however, that in their review 

no studies reported an association between supplementation and adverse long-term health 

outcomes and that this threshold was chosen due to uncertainties in two included studies. In 

addition, they found that studies of supplementation and all-cause mortality and cancer were 

inconsistent. The recommended dietary daily intake set by the EFSA is 15µg (600 IE) daily 

for adults under assumptions of minimal cutaneous vitamin D synthesis
46

. 

Vitamin D deficiency has been observed in many well-known auto immune diseases, such as 

Mb Chron and rheumatoid arthritis. Implications of reduction in disease activity through 

vitamin D supplementation have been observed for these conditions
47

. 

Considering that vitamin D supplementation is relatively safe and easy to perform along with 

noticeably lowered levels for relapse patients, in this study, it is suggestable to start adding 

vitamin D for patients planned for the aHSCT treatment for MS. Future studies will of course 

need to confirm these deficiencies in larger patient materials but this study clearly suggests a 

potential treatment opportunity in vitamin D.  For vitamin D insufficient patients the Danish 

Health Authority recommends initiating treatment with 200-800 IE cholecalciferol daily in 

addition to general lifestyle and dietary advice
48

. The following formula is used when patients 

are on levels <25nmol/L: target level (nmol/L) – measured level (nmol/L) = treatment dosage 

(µg/day) for 6 months. For example, 50 nmol/L – 20 nmol/L = 30 µg (1200 IE) daily) which 

means that a patient with a measured level of 20 nmol/L will receive 1200 IE of vitamin D3 

daily for 6 months as treatment. This is a plausible and easily devised strategy that could be 

used for treating MS patients prophylactically before and after aHSCT. 
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CSF-mono and the IgG-index are important to observe with regards to inflammatory activity 

in MS. There was, as expected, an increased numerical difference (although not statistically 

significant) in the relapse group post-transplant (three patients above reference and one 

missing data), which directly reflects a renewed inflammatory process. It should again be 

pointed out that the lumbar punctures analysed in this study were not done within a set time 

frame. The latest available result was used so the duration since aHSCT treatment could be 

range from a couple of months to several years. In cases with a short duration one must 

therefore confirm that the values are indeed declining as intended (if outside the normal range 

interval) with follow-up analysis - if indicated with relapsing symptoms. 

Fever is a known and common symptom which is more or less expected during the aHSCT 

procedure. Often, cultures are negative and patients are diagnosed with neutropenic fever. An 

association between fever and worse treatment outcome by higher disability several years 

later has been observed
49

, which is the reason why a possible connection to relapse was 

interesting to study. Another aspect was the hygiene hypothesis and auto-immunity
50

, with the 

lack of an infectious component possibly shifting the immune system towards renewed auto-

immunity. We could not demonstrate any large differences in relapses vis-à-vis neutropenic 

fever and this association is unlikely. 

Bacteraemia is less common and this study indicates that patients afflicted by it seem to have 

a higher risk of relapse. These results were contradictory when referring to the hygiene 

hypothesis (as an infection seems to be a risk factor in this scenario). But since there evidently 

was a difference, although insignificant, this needs further investigation with larger materials 

to deduce a possible connection between bacteraemia and relapse on some other theoretical 

basis as a verified bacteraemia seems to trigger auto-immunity rather than a theorised 

protective ability. 

Furthermore, bacteraemia was more frequent in the early patients of this study (those that 

underwent aHSCT in the previous decade) when the BEAM + ATG regimen was more 

extensively used. After being superseded with cyclophosphamide + ATG no patient had an 

uncontaminated and positive blood culture, which should be kept in mind when interpreting 

these results. Moreover, longer durations of antibiotics administration and a numerically 

higher mean peak CRP value in the relapsing group indicate a stronger infectious impact in 
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these patients. This is likely a direct reflection of the higher intensity regimen having been 

used to a greater extent in these patients. 

Viral reactivation did not seem to impact the risk for subsequent relapse in the present study. 

This could be due to the aHSCT procedure effectively disrupting the alterations of the 

immune system and adequately reducing the impact of EBV. Alternatively, perhaps EBV 

reactivation should not be made equal to primary infection and that the theorised mechanisms 

occur in primary infection but not in this scenario, thus reducing the risk of disease 

development. Moreover, with very few patients providing data on this the study was most 

likely underpowered to a degree that significant differences would be impossible to find. 

Although absence of proof is not the same thing as proof of absence, we think it is highly 

unlikely that the outcome would have been different with increased power. 

There are several weaknesses to emphasise in this study. Due to the small number of patients, 

the study was underpowered to detect small differences. Furthermore, some variables were 

only recorded recently with further loss of power. Also, since the study was retrospective data 

points were naturally narrowed down to those accessible. We chose to study many of the 

identified risk factors for MS, but more will likely be found in the future and this topic may 

well be worth to revisit. Furthermore, larger available databases can be expected when more 

patients have undergone treatment. Another problem with the study was that two different 

conditioning regimens were used, which seemingly lead to slightly different post-transplant 

outcomes with regards to infectious parameters. 

Due to the difficulty of evaluating relapses patients were rather excluded than included and 

therefore only one out of four patients with equivocal symptoms was included in the relapse 

group. The remaining three were included in the no-relapse group. But by being strict with 

inclusion criteria a more representative study population could be selected. 

Conclusion 

In conclusion, this study showed indications that relapse in MS after aHSCT may be 

associated with both bacteraemia and vitamin D insufficiency. The frequency of bacteraemia 

decreased after changes in chemotherapy to less intense variants but relapses evidently still 

occur and further research is required to evaluate the true impact of the infectious 

components. 



 

24 

 

MS patients as a group seemed to have a high prevalence of smokers and despite it being a 

risk factor of modest effect and not directly associated with MS disease activity, cessation 

should actively be promoted as there are many general health benefits associated with this. 

It is reasonable that MS patients scheduled for the aHSCT procedure should have their 

vitamin D levels monitored and, if found insufficient or deficient, should initiate 

supplementation treatment according to The Danish Health Authority’s guidelines as best 

clinical practice. 

Lastly, we encourage a repeat study in the future, when a larger study cohort is available; to 

more accurately pinpoint predisposing factors for relapse in MS after aHSCT. 
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Appendix 
The Expanded Disability Status Scale (EDSS) 

0 – Normal neurological examination. 

1.0-1.5 – No disability. 

2.0-2.5 – Minimal disability. 

3.0-3.5 – Moderate disability. 

4.0 – Fully ambulatory without aid, self-sufficient, up and about some 12 hours a day; able to 

walk without aid or rest for 500 meters. 

4.5 – Fully ambulatory without aid, up and about most of the day, able to work a full day, may 

otherwise have some limitation of full activity or require minimal assistance; able to walk 

without aid or rest for 300 meters. 

5.0 – Ambulatory without aid or rest for about 200 meters; disability severe enough to impair 

full daily activities (e.g. to work a full day without special provisions) 

5.5 – Ambulatory without aid for about 100 meters; disability sever enough to preclude full 

daily activities. 

6.0 – Intermittent or unilateral constant assistance (cane, crutch or brace) required to walk 

about 100 meters with or without resting. 

6.5 – Constant bilateral assistance (canes, crutches or braces) required to walk about 20 

meters without resting. 

7.0 – Unable to walk beyond approximately 5 meters even with aid, essentially restricted to 

wheelchair; wheels self in standard wheelchair and transfers alone; up and about in 

wheelchair some 12 hours a day. 

7.5 – Unable to take more than a few steps; restricted to wheelchair; may need aid in transfer; 

wheels self but cannot carry on in standard wheelchair a full day. May require motorised 

wheelchair. 

8.0 – Essentially restricted to bed or chair or perambulated in wheelchair, but may be out of 

bed itself much of the day; retains many self-care functions and generally has effective use of 

arms. 

9.0 – Helplessly bedridden patient, can communicate and eat. 

9.5 – Totally helpless bedridden patient, unable to communicate effectively nor eat/swallow. 

10 – Death due to MS. 

From Kurtzke, J. F. Rating neurologic impairment in multiple sclerosis: an expanded 

disability status scale (EDSS). Neurology 33, 1444–1452 (1983). 

 


