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Abstract
Elbagir, S. 2020. Autoimmunity in Africa: Comparing Systemic Lupus Erythematosus and
Anti-phospholipid Antibodies in Sudan and Sweden. Digital Comprehensive Summaries of
Uppsala Dissertations from the Faculty of Medicine 1673. 61 pp. Uppsala: Acta Universitatis
Upsaliensis. ISBN 978-91-513-0978-1.

Systemic Lupus Erythematosus (SLE) is a chronic immune complex (IC)-mediated disease with
variable prevalence worldwide, reported to be more common in Africans, Hispanics and Asians
than in Caucasian populations. Expression of autoantibodies might vary between different ethnic
populations due to environmental and genetic factors. Antiphospholipid antibodies (aPL) react
with several antigenic targets of negatively charged phospholipids and/or associated plasma
proteins. In this thesis we have studied the immunological and clinical characteristics of SLE
in patients from Sudan and Sweden using an identical methodology. We have also investigated
the occurrence of aPL during healthy pregnancies in both countries.

Sudanese patients with SLE were younger, had shorter disease duration and suffered from
more organ damage compared to Swedish patients. Neurological involvement, predominantly in
young patients, was the main contributor to organ damage among the Sudanese patients. When
comparing anti-nuclear antibody (ANA) specificities in IC between Sudanese and Swedish
patients, different results from ANA detected in serum was observed. While serum ANA
levels were mainly higher in Swedish SLE patients, levels of most ANA specificities in IC,
particularly anti-chromatin specificities, were increased in Sudanese patients. In both cohorts,
ANA in IC associated with more active SLE. Sudanese SLE patients had a higher prevalence
of IgA aPL using common assay cut-off points. However, aPL levels among controls were also
higher in Sudan, and when cut-offs were adjusted based on national controls the difference
in prevalence between the patient groups was no longer evident. A more recently defined
test measuring antibody against the phosphatidylserine/prothrombin complex was the best aPL
predictor of thrombosis in Swedish SLE patients, independent of cardiovascular risk factors
and antiphospholipid antibody syndrome criteria tests. Levels of IgA aPL, particularly anti-β2
glycoprotein I, were higher in normal pregnancies of healthy women from Sudan. This was not
observed in Swedish pregnancies, and it was not due to reactivity against domain 1 of the β2
glycoprotein I molecule.

Levels of autoantibodies differed both for patients and healthy individuals from Sudan and
Sweden, and the occurrence of antibodies among patients depended on the cut-offs used.
Adjustments to national cut-offs revealed more associations between autoantibody occurrence
and clinical manifestations in Sudan. We recommend that the evaluation of autoantibody
prevalence and clinical significance in autoimmune diseases in populations of African origin
should rely on cut-offs based on controls from the same population, both in research and clinical
contexts.
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Introduction  

Autoimmunity 
Immune tolerance 
Immune tolerance is the unresponsiveness of the immune system to self-anti-
gens. This process is maintained through several mechanisms that take part in 
the central (bone marrow and thymus) and peripheral (lymph nodes and 
spleen) lymphoid organs. Central tolerance involves lymphocyte deletion 
(apoptosis), receptor editing (B-cells only) and generation of regulatory T-
cells. Upon peripheral exposure to self-antigens, mature autoreactive lympho-
cytes either become anergic, deleted, or inhibited by regulatory T-cells. 
Breach of tolerance occurs when the immune system fails to effectively elim-
inate self-reactive cells. Several overlapping etiologies, including genetic and 
environmental factors, can lead and/or potentiate the progression to autoim-
munity.  

Genetic susceptibility to autoimmune diseases has been intensely studied over 
the years. In a majority of autoimmune diseases, several alleles of the human 
leukocyte antigens (HLA) loci are involved 1,2. In addition, polymorphisms of 
e.g. receptors for inflammatory cytokines, signaling molecules or complement 
proteins are also described 3. Various environmental factors have been impli-
cated in autoimmune diseases, either initiating or potentiating immunity 
against self. A classic example is microbial infection. Different theories re-
garding associations between autoimmunity and exposure to infections have 
been postulated 4,5, antigenic mimicry and exaggerated innate immune re-
sponses being commonly reported mechanisms. Conversely, in other situa-
tions microbial diseases are thought to exert protection or to decrease suscep-
tibility to autoimmune diseases. The presence of parasitic infections in the 
tropics is associated with a lower incidence of  systemic lupus erythematosus 
(SLE) 6-8, and the protective effect of bacteroides fragilis in mice model with 
experimental autoimmune encephalomyelitis, the experimental model for 
multiple sclerosis 9.  

The course of progression to pathological autoimmunity can be divided into 
three phases. First, there is a susceptibility phase in which genetic predisposi-
tion reaches a threshold after which a trigger can lead to the second phase. 
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Herein the excessive production of autoantibodies from non-tolerant B-cells 
ensues, although without clinical symptoms. A third phase can be initiated 
following a second trigger that induces a clinically overt autoimmune disease. 
This phase may undergo different episodes of remissions and relapses. Auto-
immune diseases can be T- and/or B-cell dependent, yet with considerable 
overlap and mutual interaction. 

Autoantibodies 
Autoantibody production is implicated both during pathological processes as 
well as in natural immune responses. Many natural autoantibodies that are 
produced early during B-cell development and maturation have protective im-
munomodulatory properties. These are often IgM autoantibodies that have 
moderate affinity but high avidity to self-antigens. The beneficial role of these 
antibodies is represented by their ability to remove apoptotic and/or post-in-
flammatory products. Nevertheless, natural IgM autoantibodies can be a po-
tential source for high affinity pathogenic autoantibodies through genetic hy-
permutation and class switching 10. Another example of ‘innocent’ antibodies 
is the maternal anti-paternal anti-HLA class I antibodies that are produced 
during normal pregnancy. Their presence is not only reported in uneventful 
pregnancies but is also down-regulated in pre-eclampsia patients 11. In the con-
text of autoimmune diseases, IgM autoantibodies against double stranded de-
oxyribonucleic acid (dsDNA) were reported to negatively associate with kid-
ney inflammation in SLE 12. 

Pathological autoreactivity may develop as a result of different interplaying 
processes, e.g. microbial mimicry to self-antigens, inflammation-derived post-
translational modification of self-antigens, an over-production of cell debris 
due to e.g. the presence of genetically altered apoptotic proteins, and/or mal-
functioning immune-regulatory cells. Autoantibodies can be directly patho-
genic when binding to organ-specific functional receptors. In this way, they 
down- or up-regulate the function of various transmitters and hormones, as in 
myasthenia gravis and Grave’s disease. They can also act indirectly by form-
ing immune complexes (IC) either in the circulation or in situ in target organs. 
This in turn induces complement and Fc receptor-mediated immune cell acti-
vation. Despite the current knowledge about autoantibodies, understanding 
their impact on pathogenicity and disease prognosis in various systemic auto-
immune diseases is still incomplete. 

The clinical relevance of antibody determination is largely dependent on their 
accurate measurement and careful interpretation. Ways of quantification of 
autoantibodies have evolved through time, enzyme-linked immunosorbent as-
say (ELISA) or other similar-concept solid phase assays including bead-based 
multiplex immunoassays currently being the most frequently used. 
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Interpretation of antibody test results in terms of associations to clinical diag-
noses or phenotypes is affected by different factors. A clinically-reliable au-
toantibody test properly identifies the correct group of patients or subjects at 
risk for disease 13. Various autoantibodies, for example rheumatoid factor (RF) 
and anti-phospholipid antibodies (aPL) are known to be prevalent not only in 
autoimmune diseases but also in various microbial illnesses. In a previous 
study conducted by our group of visceral leishmaniasis in Western Sudan, se-
rum reactivity to RF was increased in Leishmania-infected patients compared 
to in healthy controls 14. Another important factor is the time point of autoan-
tibody testing; appropriate timing improves risk stratification and can more 
accurately predict disease course. Presence of antibodies against cyclic citrul-
linated peptide (anti-CCP) appears years before development of rheumatoid 
arthritis (RA), and has facilitated early diagnosis, treatment initiation and pre-
diction of disease progression 15. Moreover, for some autoantibodies such as 
aPL, repeated testing with positive results at a specified minimum time inter-
val is needed as a core criterion for antiphospholipid syndrome (APS) classi-
fication. The persistent production of autoantibodies differentiates APS from 
other aPL-associated conditions 16. 

Accurate establishment of cut-off points (or reference intervals) of a laboratory 
assay is a key factor in determining diagnostic performance of antibody tests. In 
this process the careful comparison to relevant reference groups is fundamental. 
There is a difference between the term ‘reference interval’ and ‘clinical decision 
limit’. The former depends on occurrence in a healthy reference group, while 
the latter is based on sensitivity to disease accrual/risk, and is therefore is calcu-
lated according to receiver operation characteristic curves 17. Cut-off points sug-
gested by manufacturers assays are the most commonly used for diagnostic pur-
poses in both clinical settings and research. In clinical laboratories it is required 
that these cut-offs are validated locally using limited groups of control subjects. 
It is also noteworthy that cut-offs suggested by manufacturers for tests provided 
by companies residing in Europe or North America are predominantly based on 
control subjects of unmixed ethnicity, usually Caucasians. There is at present 
no international consensus on adjusting reference intervals of diagnostic bi-
omarkers based on geographical and ethnic differences 18. However, some stud-
ies have demonstrated variations in biochemical analyte levels between differ-
ent ethnic groups, and nationally-based adjustments have thus been recom-
mended 19-21. Such population-related differences in analyte levels is expected 
to be even larger for autoantibodies than for other blood chemistry analytes, 
since the genetic build up and environmental variations are crucial components 
influencing expression of autoantibodies. Another important aspect in determin-
ing reference intervals is the presence of outliers. The Clinical and Laboratory 
Standards Institute (CLSI) recommends searching for suspected outliers and 
then excluding them before determining reference ranges 22. Different methods 
are used for this purpose. A common one is the Dixon D/R method in which the 
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distance between the suspected outlier value and the next following value is 
calculated, and the outlier will be removed when the distance is greater than one 
third of the total measurement range 23,24. 

Immune complexes (IC)  
IC are formed as a result of antigen-antibody electrostatic binding in a ratio 
that depends on the physical and structural properties of the complexed com-
ponents. IC formation occurs during both physiological and pathological im-
mune responses. Clearance of IC is mediated by the function of the comple-
ment system and Fc receptors on immune cells. Failure in clearing circulating 
IC can result in tissue deposition and/or the induction of inflammatory re-
sponses which may cause organ damage 25. Moreover, RNA- and DNA-con-
taining IC can bind and activate toll-like receptors (TLRs), inducing 
plasmacytoid dendritic cell stimulation and interferon (IFN)-α release 26,27.  
C1q is a hexamer complement glycoprotein that has globular heads and a col-
lagen-like triple-helix tail. When it binds to antigen-antibody IC containing 
IgG or IgM, it facilitates opsonization as well as activation of the complement 
cascade. Through the globular heads, C1q binds to IgG1, IgG3 or IgM heavy 
chains. At least two chains at a time are required to elicit classical complement 
activation through the C1r and C1s components 28,29.  

A number of IC purification methods have been developed in order to inves-
tigate bound antigen/antibodies 30. The polyethylene glycol (PEG) precipita-
tion technique was one of the first and most frequently used methods. Alt-
hough much of the generated IC literature was based on this technique, poor 
specificity was a problem since non-IC bound high molecular weight proteins 
could co-precipitate with IC 31-33. Other techniques captured IC using antibod-
ies e.g. C3 binding antibodies, the Raji cell assay and C1q solid- and liquid-
phase techniques 34-37.  A recently described assay developed in our group uti-
lizes C1q-coated magnetic beads followed by combined freeing and solubili-
zation of IC. This technique has facilitated the capture of circulating IC and 
quantification of antibody content in IC 38,39. We have used this technique to 
study IC antibody content in Sudanese and Swedish SLE patients included in 
this project.  

Systemic lupus erythematosus 
Pathophysiology and clinical entities 
SLE is an autoimmune disease with female predominance, characterized by a 
heterogeneous clinical picture and multi-system inflammatory involvement. 
Historically, ‘lupus’ was first recognized as a cutaneous condition and only  
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later in 1872 was its systemic nature noticed and emphasized 40. Beside the 
wide-range of clinical manifestations, SLE is also known for the presence of 
autoantibodies against several nuclear targets, principally chromatin-associ-
ated antigens. A number of risk factors predispose to SLE including genetic, 
epigenetic, environmental, hormonal and immune derangements which all in-
terplay to yield a heterogeneous phenotype. Genome-wide association studies 
(GWAS) have through the years enabled discovery of around 100 SLE-asso-
ciated gene loci, implicating e.g. cytokine production and T- or B-cell dys-
functions.  The environmental impact on SLE pathogenesis seems to be sig-
nificant since SLE concordance in monozygotic twins was reported to be less 
than 50% 41,42. Several environmental components such as exposure to ultra-
violet light, vitamin D or vitamin B deficiency, and microbial factors were 
identified to increase SLE risk through either immune derangements or DNA 
methylation effects 43.  Normal commensals were shown to modulate the im-
mune response by affecting T-helper cells and T-regulatory cells 44. Molecular 
mimicry between bacterial/viral components and self-antigens is one early 
proposed hypothesis that potentially explains association to SLE develop-
ment. The cross-reactivity of Epstein Barr virus antigens with the self-antigen 
Ro in SLE is one example 45.  

The primary pathogenic mechanism in SLE that is commonly reported is the 
defective clearance of apoptotic materials, which in turn exposes excessive nu-
clear and cytoplasmic antigens to autoreactive cells as well as to TLRs 46-48. T-
cells are also believed to play a central role in pathogenesis, through enhanced 
signaling as well as defects in their effector functions 49. Tissue inflammation 
and destruction in SLE are mainly mediated by deposition of IC, that activates 
the complement system or initiates antibody-dependent cellular cytotoxicity. 
Excessive expression of type I IFN regulated genes ‘IFN signature’, and in-
creased cytokine production are also associated with SLE, the related immuno-
logical interactions being widely studied in the disease 50. 

A variety of clinical manifestations characterize SLE, ranging from constitu-
tional non-specific symptoms to organ impairment, and from mild to very se-
vere disease. Diagnosis of SLE is based on classification criteria. The revised 
1982 criteria described by the American College of Rheumatology (ACR) 
classification guidelines 51, included eleven criteria. Fulfillment of at least four 
criteria was required to merit the classification of SLE (Table 1). These criteria 
were revised in 1997, and accordingly, a positive LE cell preparation was de-
leted and aPL positivity was added 52. In 2012 the Systemic Lupus Interna-
tional Collaborating Clinics (SLICC), a consensus group of international ex-
perts that addressed the weaknesses in the 1997 ACR criteria, proposed the 
2012 SLICC criteria 53. Four out of 17 criteria with at least one clinical and 
one immunological, or the presence of biopsy-proven nephritis (consistent 
with SLE), along with positive ANA or anti-dsDNA antibodies were required 
for SLE classification. During initial validation the SLICC criteria had higher 
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sensitivity but lower specificity than did the 1997 ACR criteria, whereas a 
meta-analysis revealed better performance with comparable specificity to the 
ACR criteria 54. In a multi-ethnic study comparing the two classification cri-
teria, SLICC 2012 resulted in a delayed diagnosis 55. The new 2019 European 
Leagues Against Rheumatism (EULAR)/ACR criteria 56 require a positive 
ANA test as an entry criterion, which should be followed by ³10 points of the 
weighted additive criteria (including at least one clinical criterion). Additive 
criteria include both the clinical and serological domains (complement, aPL 
and SLE-related autoantibodies). Upon validation, the EULAR/ACR classifi-
cation criteria had better performance in terms of specificity when compared 
to the previous ACR 1997 and SLICC 2012 criteria, but had lower sensitivity 
than the latter 57. In that validation study, almost half of patients who missed 
SLE classification by the three classification criteria were found to suffer pro-
longed disease with severe manifestations. 

Tools for disease activity measurement are needed not only to monitor and 
follow up patients’ health and treatment responses but are also vital as a mean 
of assessment in epidemiological studies and clinical trials. The different dis-
ease activity scoring systems consist of different clinical and laboratory meas-
urement scales. At present there is no ‘gold standard’ scoring system to assess 
SLE disease activity. Reasonable sensitivity, feasibility and easy applicability 
in hospital settings are favorable factors to be considered when adopting these 
assessment tools. Features of common disease activity indices are presented 
in Table 2.   

SLE can affect different organs and thus requires a multidisciplinary care. The 
aim for follow-up during routine medical care is to assess disease activity, 
degree of improvement, as well as evaluating treatment side-effects. Drug 
therapies are either symptomatic, hindering inflammatory responses or dis-
ease-modifying using disease modifying anti-rheumatic drugs (DMARDS) 
whereby treatment aims to improve prognosis and halt progression. Due to the 
clear heterogeneity of SLE compared to many other diseases, it is even more 
difficult for physicians to reach pre-set therapeutic targets. An international 
task force had previously initiated a  treat-to-target approach for SLE 58, the 
same way as done in RA 59, whereby the long-term target was disease remis-
sion. 
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Table 1. The 1982 ACR classification criteria for systemic lupus erythematosus; 
used in the current studies 
Criterion Definition 
1. Malar rash 
 
 

Fixed erythema, flat or raised, over the malar 
eminences, tending to spare the nasolabial 
folds 

2. Discoid rash  
 
 

Erythematous raised patches with adherent 
keratotic scaling and follicular plugging; 
atrophic scarring may occur in older lesions 

3. Photosensitivity 
 
 

Skin rash as a result of unusual reaction to 
sunlight, by patient history or physician ob-
servation 

4. Oral ulcers 
 

Oral or nasopharyngeal ulceration, usually 
painless, observed by physician  

5. Arthritis 
 
 

Non-erosive arthritis involving 2 or more pe-
ripheral joints, characterized by tenderness, 
swelling, or effusion 

6. Serositis  
 
 
 
 

a) Pleuritis--convincing history of pleuritic 
pain or rubbing heard by a physician or evi-
dence of pleural effusion OR  
b) Pericarditis-documented by ECG or rub or 
evidence of pericardial effusion 

7. Renal disorder  
 
 
 
 

a) Persistent proteinuria greater than 0.5 
grams per day or greater than 3+ if quantita-
tion not performed OR  
b) Cellular casts-may be red cell, hemoglo-
bin, granular, tubular, or mixed 

8. Neurological disorder  
 
 
 
 
 
 
 

a) Seizures-in the absence of offending drugs 
or known metabolic derangements; e.g. ure-
mia, ketoacidosis, or electrolyte imbalance 
OR  
b) Psychosis-in the absence of offending 
drugs or known metabolic derangements, e.g. 
uremia, ketoacidosis, or electrolyte imbal-
ance 

9. Hematological disorder 
 
 
 
 
  
 

a) Hemolytic anemia-with reticulocytosis OR  
b) Leukopenia-less than 4,000/mm3 total on 
2 or more occasions OR  
c) Lymphopenia-less than 1,500/mm3 on 2 or 
more occasions OR  
d) Thrombocytopenia-less than 100,000/mm3 
in the absence of offending drugs 
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10. Immunological disorder  
 
 
 
 
 
 
 
 

A) Positive LE cell preparation OR 
b) Anti-DNA: antibody to native DNA in ab-
normal titer OR  
c) Anti-Sm: presence of antibody to Sm nu-
clear antigen OR  
d) False positive serologic test for syphilis 
known to be positive for at least 6 months 
and confirmed by Treponema pallidum im-
mobilization or fluorescent treponemal anti-
body absorption test 

11. Antinuclear antibody  
 

An abnormal titer of antinuclear antibody by 
immunofluorescence or an equivalent assay 
at any point in time and in the absence of 
drugs known to be associated with "drug-in-
duced lupus" syndrome  

 

 

 

Table 2. Characteristics of the different SLE assessment indices 

Index Reference time Overall score range Items 

Disease activity      
SLEDAI 
SLEDAI-2K 
SELENA-SLEDAI 
 

10 days 
 

0-105 
 

24 
 

European consensus 
lupus activity meas-
urement (ECLAM) 
 

30 days 
 

0-17 
 

15 
 

Systemic lupus activ-
ity measure (SLAM) 
 

30 days 
 

0-86 
 

32 
 

Lupus activity index 
(LAI) 
 

10 days 
 

0-3 
 

7 
 

British Isles lupus as-
sessment group index 
(BILAG) 
 

30 days 
 

A-E; from most ac-
tive disease to no pre-
vious activity 
 

86 
 

Organ damage    
SLICC-DI  
 

180 days 0-47 12 
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The immunological profile in SLE 
Autoantibodies that are included in the most recent 2019 EULAR/ACR clas-
sification criteria are: ANA screening using indirect immune-fluorescence 
tests (IIF) on Hep-2 cells with positivity at a titer of ³ 1:80 or another equiva-
lent assay, anti-dsDNA, anti-Sm and aPL. The advantage of using ANA IIF, 
classically using HEp-2 cells, as an initial screening method for suspected pa-
tients with connective tissue disease is the high sensitivity with the possibility 
to detect several patterns simultaneously, each associated with a unique group 
of autoantibody specificities. However, it cannot confirm the antigenic targets 
of autoantibodies, and is both time-consuming and requires high operator 
skills. Conversely, quantitative solid-based assays, despite their higher speci-
ficity, are not recommended by ACR to be the first test to diagnose SLE due 
to their lower sensitivity compared to ANA IIF 60,61. A task force within the 
EULAR is currently re-evaluating the relative importance of IIF and solid 
phase techniques employing pure antigens in the determination of ANA 62. 

The association between individual autoantibodies and different SLE pheno-
types largely depends on antigen specificity, antibody affinity and isotype. 
SLE presents with a wide range of autoantibodies; antibodies that cluster with 
specific clinical manifestations e.g. anti-Ro52 in neonatal lupus 63, anti-N-Me-
thyl-D-Aspartate autoantibodies 64 and anti-ribosomal P 65 in neuropsychiatric 
lupus, anti-dsDNA and anti-C1q in lupus nephritis 66 and anti-β2 glycoprotein 
I (β2GPI) in vascular disease 67, or antibodies that associate with disease ac-
tivity e.g. anti-dsDNA 68. Immunoglobulin isotypes can also influence the as-
sociation to disease activity and progression; while IgG1, IgE and IgA anti-
dsDNA associate with SLE activity and nephritis 69, IgM anti-dsDNA is re-
ported to have a negative association with nephritis 12. 

Anti-dsDNA antibodies encompass different subpopulations with varying de-
grees of clinical relevance 70. Anti-DNA antibodies are directed against the 
base structure, sugar-phosphate backbone or other associated chromatin struc-
tures. Antibodies that target the sugar-phosphate antigen in a DNA double he-
lix are described to be the most specific for lupus nephritis and more often 
associate with higher disease activity 70. Anti-dsDNA-related renal involve-
ment is either precipitated by circulating IC depositing in the renal paren-
chyma or the in situ formation of IC when circulating anti-dsDNA bind to 
exposed chromatin antigens in the kidney tissue. It was suggested that the sus-
tained reactivity and inflammation caused by anti-dsDNA is maintained by 
chromatin structures other than DNA 71,72. The high mobility group box 1 an-
tigen is a non-histone DNA-associated protein and it acts as an alarmin, thus 
inducing TLR-dependent responses. Autoantibodies to this target protein 
complexed with nucleosomes can induce immune responses in SLE through, 
which in turn enhance production of INF-α 73,74.  
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Anti-Sm antibodies, named after a patient named Stephanie Smith, are di-
rected against core proteins (B, D1-3, E, F, G) that form ring structures with 
small nuclear ribonucleoproteins. These antibodies, although having high 
specificity for SLE, exert lower sensitivity; their prevalence is 20% among 
Caucasians and 30-40% in African and Asian SLE patients 75. Anti-Sm anti-
bodies are known to associate with renal and neural impairment in SLE 76.  

aPL directed against phospholipid antigens or associated plasma proteins are 
also included in all recent SLE classification criteria, and association to vas-
cular thrombosis is well-described. A concise description of these antibodies 
and their related pathogenic mechanisms is outlined later in this section. Other 
SLE-related blood tests include measurement of complement fragments, in-
flammatory markers e.g. erythrocyte sedimentation rate and C-reactive pro-
tein. Together they can help to differentiate an SLE flare from infection, as 
levels of both are raised in the latter and where C-reactive protein is normal in 
the former. Urine analysis, complete blood count, and renal and liver function 
tests are all used in clinical settings to assess activity and drug toxicity. 

SLE in populations of African origin 
Estimation of autoimmunity risk in Africa is complicated, not only because of 
obstacles imposed by the diverse environmental and genetic admixtures, but 
also due to the difficulty to prospectively follow risk groups until appearance 
and identification of a clinically overt disease. SLE was reported to be more 
severe among African-American, Hispanic and Asian populations than among 
Caucasians 6,77. It is of note that SLE is under-investigated in sub-Saharan Af-
rica, despite the fact that from SLE studies of African-Americans and African 
Europeans, much of the disease burden and severity was reported to impact 
patients of this ethnic background. SLE was previously believed to be rare in 
West Africa 6,78,79. However, a growing literature now suggests a high preva-
lence in the African continent, although this might only reflect the tip of the 
iceberg 80-83. These recent data argue against the historical theory of a ‘lupus 
prevalence gradient’, that describes a higher prevalence in African Americans 
and a lower prevalence in West Africa 6. Limitation of resources in poor Af-
rican regions contributed to the limited data regarding disease prevalence, 
morbidity and mortality. SLE severity measured by disease activity and organ 
damage indices has in previous studies invariably been shown to be high in 
patients of African ancestry, mainly due to the unfavorable outcome of lupus 
nephritis 84-86. 

A recent meta-analysis included 15 hospital-based studies from Sub-Saharan 
Africa published between 2008-2018 with a total number of 896 SLE patients 
83. There was substantial heterogeneity between the studies, the pooled preva-
lence was 1.7%, with rheumatological, dermatological and hematological 
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manifestations being the most common clinical features. Corticosteroids and 
anti-malarial treatment, compared to other disease modifying drugs, were the 
most frequently used treatments. The common use of steroids might reflect 
both better accessibility to this treatment and perhaps also more active SLE. 

Prevalence of lupus-related autoantibodies varies between different ethnici-
ties. In the recent African meta-analysis 83 there was high prevalence of anti-
ribonucleoprotein (RNP), anti-Sm and anti-dsDNA antibodies. In other cross-
sectional studies that included African-American and African-European pa-
tients, a higher frequency was also reported for autoantibodies against dsDNA, 
chromatin, ribosomal P protein, SSA/Ro60, Sm and the Sm/U1RNP complex 
60. Anti-Sm and anti-U1RNP autoantibodies were more common in non-Cau-
casian SLE patients in the USA and Europe, as compared to among Cauca-
sians 87-89. Black South African patients have similar frequencies of anti-Sm 
and anti-RNP when compared to African-Americans and Afro-Caribbean SLE 
subjects 90. The occurrence of anti-Sm and anti-RNP antibodies therefore 
seems to be preponderant among SLE patients of African origin. However, it 
is noteworthy that the laboratory methods as well as principles for cutoff de-
termination varied between these studies. 

Diagnosis and treatment of SLE patients in sub-Saharan Africa is challenging. 
Late presentation to health care and more severe disease are among the diffi-
culties experienced. Late diagnosis is primarily due to lack of patient and/or 
medical practitioner awareness for SLE symptoms. The resemblance to non-
specific presentations caused by other diseases e.g. microbial illnesses, might 
increase the rate of a missed SLE diagnosis. These constraints had been high-
lighted by rheumatology physicians in West Africa as being most important 
91. Limited access to general and specialized health care, and to anti-rheumatic 
treatment, are issues that need to be addressed in sub-Saharan Africa. Several 
initiatives have been founded, including collaborations between rheumatology 
associations and universities to develop better training at addressing patients’ 
secondary care, and to raise awareness about rheumatic diseases. Among them 
is the UWEZO initiative in Kenya (the word means ‘capability’ in kiswahili), 
that has grouped rheumatologists and general physicians together with pa-
tients in Kenya, Sweden and the UK 92. The Rheumatology initiative Ghana 
(tRi Ghana) also provides education, promotes research and hosts fundraising 
events in Ghana 93. All these efforts are meant to pave the road and minimize 
the gap in diagnosis and management, aiming at improvement of patient care.  

A few studies in Sudan have investigated clinical and immunological patterns 
among SLE patients, mainly using cross-sectional study designs 94-97. Between 
2011-2014, the specialized rheumatology service in Sudan was primarily pro-
vided at two central hospitals in the Khartoum capital (Alribat University hos-
pital and Omdurman Military hospital) which had bed capacities of 
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approximately 700 and 880, respectively. Around 30-45 patients with various 
connective tissue diseases are presented to each clinic every week, including 
40-45% RA, 20% osteoarthritis, 5-10% soft tissue diseases and 10-30% mis-
cellaneous connective tissue diseases (Dr. Musa M Nur, senior Sudanese rheu-
matologist, personal communication). In each clinic the rheumatology service 
was provided by one senior consultant (with specialty training in the UK), two 
specialty trainees, 3-4 medical registrars in internal medicine and 3-4 junior 
house officers. At the time of patient inclusion, I was aware of only six con-
sultant rheumatologists, including one pediatric rheumatologist, serving in 
Khartoum. The rheumatology clinics received mainly patients from urban ar-
eas, and presentation from rural areas was minimal. In regard to SLE treat-
ment; it is of note that access (availability and affordability) to disease modi-
fying drugs in 2011-2013 was challenging in Sudan. Treatments such as cy-
closporin and cyclophosphamide were subsidized by the Sudanese govern-
ment or the Sudanese Kidney Association. Hydroxychloroquine and steroid 
treatment were reasonably accessible to most patients attending the clinics. 

Anti-phospholipid antibodies (aPL) 
Overview 
aPL are autoantibodies directed against negatively charged phospholipids 
and/or associated plasma proteins. The history of aPL goes back to 1906 when 
bovine cardiolipin (CL) from the heart and muscular tissue was used as an 
antigen in Wassermann’s test for syphilis. This test was later shown to also be 
positive in several infections 98. Thereafter, the lupus anticoagulant (LA) test 
was described 99. Showing association with thrombosis and recurrent fetal loss 
in non-SLE patients, the term ‘lupus anticoagulant’ was regarded as misnomer 
100. The combination of clinical and laboratory features of the present anti-
phospholipid syndrome (APS) were described in the 1980s by several research 
groups. In 1983, Harris et al developed the first anti-CL assay 101 and then the 
original name for APS, anti-cardiolipin antibody syndrome, was used to de-
scribe the presence of recurrent thrombosis and positive anti-CL antibodies 
102.  

Various phospholipid specificities and associated plasma proteins have been 
defined as targets for aPL. Anti-CL, anti-β2GPI and LA are the current criteria 
tests for classification as APS 16. Other non-criteria aPL helped to classify APS 
when the classical criteria tests were negative (sero-negative APS), e.g. anti-
phosphatidylethanolamine, anti-prothrombin (anti-PT), anti-phosphatidylser-
ine/prothtombin (anti-PS/PT) and anti-cardiolipin/vimentin antibodies 103. 
The Sidney-revised Sapporo criteria require the presence of either LA, 
IgG/IgM anti-CL or IgG/IgM anti-β2GPI levels above the 99th percentile of 
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controls or IgG/IgM anti-CL higher than 40 GPL/MPL units as measured by 
standardized ELISA on two separate occasions performed at least 12 weeks 
apart 16. Although only IgM and IgG isotypes of anti-CL and anti-β2GPI are 
regarded as laboratory criteria in APS, IgA aPL were included in the SLE 
classification criteria published in 2012 and 2019 53,56. The persistence of aPL 
positivity in the classification of APS is necessary since these antibodies can 
transiently be present in a number of infectious diseases 104. The variable prev-
alence of aPL reported in different studies from different populations is prob-
ably to a large extent due to the variable techniques and cutoff determination 
methods used. A consensus has been reached on cutoff determination and 
standardization of APS criteria tests. This consensus document also high-
lighted the significance of other non-criteria aPL including IgA aPL 105. The 
task force concluded that anti-PS/PT and IgA anti-β2GPI can contribute in 
predicting risk for thrombosis and pregnancy morbidity, yet sufficient evi-
dence to include them as APS diagnostic biomarkers is lacking. For accurate 
aPL testing, standard performance characteristics for solid-phase immunoas-
says were detailed by the Scientific and Standardization Committee of the In-
ternational Society of Thrombosis and Haemostasis 106. 

aPL-induced pathogenesis 
Experimental research have shown that aPL are the primary pathogenic com-
ponents in APS, where a second hit, probably infection or inflammation, is 
needed to develop an overt disease 67. The two different clinical phenotypes 
of APS, vascular and obstetric, whether presented together or in isolation, 
probably reflect different aPL-dependent pathogenic mechanisms 107. The fact 
that inflammation is more evident than thrombotic infarctions in placental tis-
sues of humans and experimental animals implicates that obstetric APS is 
driven by a direct effect of autoantibodies on β2GPI molecules that are abun-
dantly expressed in the placenta. Binding of autoantibodies to β2GPI in the 
placenta will not only impair trophoblastic tissue differentiation and function, 
but also activate complement and promote angiogenesis 108-110. The high ex-
pression of placental β2GPI explains why even low levels of aPL in the ab-
sence of a second hit can be harmful during pregnancy, in contrast to throm-
botic APS in which higher levels and a second trigger, e.g. infections, are 
needed 107. Thrombus formation is the main event in thrombotic APS, in con-
trast to obstetric APS. A number of mechanisms are involved, including a di-
rect effect of aPL binding and activation of endothelial cells and platelets, in-
terference with cellular or protein components of the coagulation cascade 
and/or cross-reactivity with oxidized low-density lipoproteins in atherosclero-
sis 67,111.   

β2GPI is commonly described as the main culprit antigen in APS, and the high 
thrombotic risk associated with LA activity is mainly β2GPI-dependent 112. 
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Plasma β2GPI has a circular conformation and is composed of 5 domains (D), 
where D1 is structurally hidden and bound to D5 when in solution. Upon ex-
posure and binding to anionic phospholipids the β2GPI molecule undergoes 
conformational change and exposes epitopes on D1, which then can bind au-
toantibodies (Figure 1). Autoantibodies against D1 in particular are known to 
be more associated with thrombotic events and pregnancy morbidity com-
pared to anti-β2GPI directed against epitopes on other domains 113.  

Autoantibodies against PS/PT are still ‘non-criteria’ aPL, however, they have 
recently been highlighted as promising diagnostic and prognostic biomarkers 
for APS and related events 114,115. These antibodies react with PT bound to 
negatively charged phospholipids, typically PS. Recent studies have con-
firmed the strong association between anti-PS/PT antibodies and the risk of 
thrombosis and pregnancy complications. Occurrence of anti-PS/PT is also 
included as a component in risk stratification systems, the anti-phospholipid 
score (aPL-S) 116 and the global APS score (GAPSS) 117. Antibodies to PS/PT 
confer higher risk and are more specific for APS-related events as compared 
to autoantibodies against unbound PT 114,118,119. As for anti-β2GPI, there is also 
high concordance with LA activity 120,121. There is now a general agreement 
that IgG anti-β2GPI D1 and anti-PS/PT are specific APS antibodies that con-
fer high risk for thrombosis, yet more prospective studies are still needed to 
support this notion. Figure 1 depicts a graphic illustration of autoantibodies 
against CL, β2GPI domains and against PS/PT. 

 
Figure 1. autoantibody binding to phospholipids and associated plasma proteins. Il-
lustration created with help of Motifolio toolkit (www.motifolio.com). 
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Clinical relevance of a positive aPL test 
aPL can be detected years before any APS manifestation appears, which in-
creases the difficulty to assess the clinical significance of a positive test. A 
high cut-off value can exclude potentially pathogenic levels, while lower cut-
offs can also include aPL low levels without clinical significance.  These low 
aPL levels that are present around the cut-off point might be natural autoanti-
bodies, infection-induced or APS-preceding, and infection-related aPL does 
not exclude the possibility of future adverse outcomes. ‘aPL carrier state’ is 
the isolated presence of the antibodies as determined by APS classification 
criteria without the occurrence of APS-related manifestations. The risk of 
thrombotic events or pregnancy morbidity in aPL carriers largely depends on 
their levels, simultaneous presence of other aPL specificities, autoimmune 
profile and other thrombotic risk factors e.g. hypertension 122.  
Triple positivity is defined as the simultaneous occurrence of IgG or IgM anti-
CL and IgG or IgM anti-β2GPI, and a positive LA test. Previous reports have 
indicated a higher risk for developing thrombosis among aPL triple positive 
individuals compared to single positive carriers. In a recent study on 105 aPL 
carriers, the occurrence of IgG anti-β2GPI was shown to be an independent 
risk factor for developing future thrombosis, and was significantly associated 
with triple positivity 123. The occurrence of IgG or IgM aPL during otherwise 
uneventful pregnancies in the absence of APS history predicts worse preg-
nancy outcomes, pre-eclampsia and fetal complications 124-126. Tools for risk 
stratification of aPL carriers have been developed and validated, including the 
aPL-S and GAPSS.   

Stability of aPL levels over time is debatable. The 2006 Sydney international 
consensus committee recommended researchers not to classify APS if aPL are 
tested five years or more after the first clinical event 16. While a study of 204 
individuals tested positive for aPL on two occasions reported stability of anti-
bodies in three quarters of subsequent re-analyses conducted over four years 
127, a recent study reported a significant proportion (> 50%) of aPL positive 
fertile women became negative in a ten-year follow-up 128. Variability of aPL 
during pregnancy is reported by a number of researchers, but the relation be-
tween fluctuation of levels and pregnancy outcomes is still inconclusive 129,130. 
Criteria aPL are also reported to decrease with treatment in SLE patients, pri-
marily with hydroxychloroquine use 131,132. 

IgA aPL  
Earlier studies have mainly focused on IgG and IgM aPL and their clinical 
significance, with less attention paid for IgA aPL. A number of studies have 
reported a strong association between IgA aPL and thrombosis and pregnancy 
complications 133-136, while others could not show any significant associations 
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137-140. The 2014 aPL international task force reported a low degree of evidence 
for including IgA aPL as APS criteria test, and recommended testing only 
when clinical APS is highly suspected in seronegative patients of certain eth-
nicities 105.  

 IgA aPL is reported as the most prevalent isotype in populations of African 
origin, whereas among Caucasian patients there is a clear preponderance for 
IgG aPL 141-145. Studies of aPL, particularly IgA, in Africa and the Middle East 
are largely lacking. Previous studies investigating isotypes of aPL among pa-
tients of African origins are summarized in Table 3. 

The contradictory findings reported in the IgA aPL literature might be due to 
differences in study designs, immunoassays and cut-offs used in the individual 
studies. Such differences may also explain the difficulty in determining the 
true prevalence and clinical significance of IgA aPL in different populations. 
Insufficient standardization of IgA aPL assays adds uncertainty to this issue; 
discrepancies are evident when comparing different diagnostic kits measuring 
IgA aPL 146-148.  

Are IgA aPL undertested, underestimated or misinterpreted? My thesis work 
hopefully fills in some of the knowledge gaps in an under-investigated African 
population. 
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Table 3. aPL in SLE and/or APS patients of different ethnicities. NR, not reported 
Ethni-
city or 
country 
(n) 

IgG 
anti-CL 
(%) 

IgM 
anti-CL 
(%) 

IgA 
anti-CL 
(%) 

IgG 
anti- 
β2GPI 
(%) 

IgM 
anti- 
β2GPI 
(%) 

IgA 
anti- 
β2GPI 
(%) 

Association to 
thrombosis or 
pregnancy mor-
bidity 

Kenya 
(80) 149 35 28.8 NR NR NR NR NR 
 
Tunisia 
(146) 150 21.9 NR NR NR NR NR IgG (CL) 
 
South 
Africa 
(100) 143 3 8 26 39 6 20 

IgG/A (CL, 
β2GPI) 

 
Iraq 
(91) 151 17.6 NR NR NR NR NR None 
 
Saudi 
Arabia 
(82) 152 52.4 45.1 NR NR NR NR IgG/M (CL) 
 
Nigeria 
(85) 153 8.2 NR NR NR NR NR IgG (CL) 
 
African-
Ameri-
can 
(100) 141 18 7 24 7 9 19 (CL, β2GPI) 
 
African-
Ameri-
can 
(302) 144 NR NR NR 14 36 41.9 IgG/A (β2GPI) 
 
Afro-
Carib-
bean 
(136) 137 2 2 21 NR NR NR NR 
 
Afro-
Carib-
bean 
(47) 154 6.4 6.4 NR 2.1 2.1 NR IgG (CL, β2GPI) 
 
Europe-
ans 
(574) 155 22.8 14 13.9 20 20 NR IgG (CL, β2GPI) 
 
Cauca-
sians 
(422) 144 NR NR NR 81.4 60.8 52.5 IgG/A (β2GPI)  
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Cauca-
sian-
Ameri-
can (88) 
154 17.4 9.8 NR 40.2 33.7 NR IgG (CL, β2GPI) 
 
Europe-
ans 
(1000) 
156 
 

14.9 
 

10.8 
 

NR 
 

8.1 
 

6.3 
 

NR 
 

IgG/M (CL, 
β2GPI) 
 

Sweden 
(526) 145 

 
9.7 

 
5.3 

 
9 

 
7.2 

 
12 

 
14 All isotypes 
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Aims 

The general aim of my thesis was to investigate the immunological character-
istics and associated clinical patterns in Sudanese SLE patients, and addition-
ally to understand the role of anti-phospholipid antibodies in pathogenesis. 

Specific aims were to: 
I Compare the autoimmune and clinical profiles of SLE patients 

from Sudan and Sweden. 
II Evaluate the occurrence of aPL in Sudanese women during nor-

mal pregnancies.   
III Understand the role of criteria and non-criteria aPL, with spe-

cial focus on IgA, in SLE patients from Sudan compared to 
Sweden. 
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Methodology 

Participants 
This project was based on cross-sectional studies, except for paper II where a 
longitudinal Swedish cohort was also included. The overall number of sub-
jects in the Sudanese and Swedish cohorts was 386 and 700, respectively; sub-
groups are presented in Figure 2. All participants gave their informed consent 
in agreement with the Declaration of Helsinki. Approval was obtained from 
the Ethics committees of the recruitment hospitals in Sudan and Sweden: Al-
ribat University hospital and Omdurman Military hospital, Khartoum, Sudan; 
and from the ethics committees in Uppsala and at Karolinska University hos-
pitals, Sweden.  

The Sudanese cohort  
All papers, except paper II, involved the SLE cohort which comprised 115 
consecutive SLE patients and 106 age- and sex-matched healthy controls. All 
patients fulfilled the 1982 revised ACR classification criteria for SLE. Patients 
were recruited between June 2011-December 2014, at three rheumatology 
clinics in Khartoum capital: Alribat University Hospital, Omdurman Military 
Hospital and Al Mo’alem Medical City. SLEDAI 157 and SLICC-DI 158 were 
acquired for all SLE patients. The Sudanese cohort was lacking complement 
and anti-dsDNA data, and urinary investigations were performed in different 
private laboratories for most but not all patients. In our analyses, SLEDAI was 
therefore modified by exclusion of the urinary, complement and DNA binding 
components in order to improve clinical comparability with the Swedish co-
hort. Demographic and clinical data were obtained through my interviews 
with the patients, physical examinations and medical records. Controls were 
staff and students from Neelain University in Khartoum. Venous blood sam-
ples were collected, immediately centrifuged, separated and serum was stored 
in -70°C and thereafter transported to Uppsala, Sweden. Serum samples were 
available from 93 SLE patients and 106 controls. Papers IV and V only in-
cluded subjects with available laboratory data acquired from these serum sam-
ples.  

Paper II included 165 healthy pregnant and 96 healthy non-pregnant Sudanese 
women. They were recruited during 2012-2013 at Alribat University hospital 
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and Omdurman Military hospital in Khartoum. Fifty-three of the pregnant 
women were sampled shortly (up to six hours) after delivery. Information 
about age, parity and gestational age was provided from medical records. Se-
rum samples were available from 107 pregnant, 95 non-pregnant and 53 re-
cently delivered females. 

 
Figure 2. Distribution of patient and control groups in the Sudanese and Swedish co-
horts. 

The Swedish cohort 
The Karolinska SLE cohort included 340 consecutive SLE patients and 318 
population-based controls. All patients attended the rheumatology clinic, Ka-
rolinska University Hospital, and fulfilled the 1982 (ACR) classification cri-
teria for SLE during the inclusion period 2004-2010 were asked to participate. 
Among the Swedish patients, 49 were of non-European ancestry including 9 
of African origin. SLEDAI and SLICC-DI were acquired for all SLE patients. 
Demographic and clinical data including cardiovascular disease (CVD) risk 
factors and APS-related events were obtained through patients’ interviews, 
physical examinations and medical records. Carotid plaques were measured 
using a duplex scanner in 288 SLE patients. Population controls, individually 
matched for age, sex and residential area, were identified through the Swedish 
population registry. SLE was the only exclusion criterion among controls. 
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Serum samples were available from 337 patients and 318 controls, and they 
were stored at -70°C until use.  

Forty-two healthy Swedish pregnant women were enrolled during 2004-2007 
in Karlstad, Sweden as previously described 159.This cohort was included in 
paper II. Plasma samples were available from all participating women and 
were serially collected at four time points corresponding to each trimester with 
the last two being at early and late third trimester. As non-pregnant controls 
for Swedes we used the population-based female controls from the Karolinska 
SLE cohort described above. In some comparisons, due to demographic dif-
ferences between the Sudanese and Swedish SLE patients, we matched pa-
tients for age at inclusion and disease duration, leaving 88 patients in each 
group in a nested case-control design.  

Immunological tests 
ANA and circulating IC quantification 
Autoantibodies against dsDNA, Sm, the Sm/U1RNP complex, U1RNP, 
SSA/Ro52, SSA/Ro60, SSB/La, ribosomal P antigen, proliferating cell nu-
clear antigen (PCNA) and histones were quantified in patient and control sera 
using a bead-based multiplex immunoassay (FIDIS connective tissue profile, 
Theradiag, Marne la Vallee, France). Circulating C1q-binding immune com-
plexes (CIC) were measured using the Quanta Lite CIC ELISA (Inova Diag-
nostics, San Diego, CA), according to the manufacturer’s instructions except 
that the standard curve was extended down to 0.5 µgEq/ml. ANA was tested 
by IIF in the Sudanese serum samples at a dilution of 1:200 using the HEp-2 
cell ANA test (ImmunoConcepts, Sacramento, CA, USA), in agreement with 
the procedures at the clinical immunology laboratory at Uppsala University 
Hospital. Using that screening titer, 6% of 200 Swedish blood donor controls 
were positive. These analyses were performed at the Department of Immunol-
ogy, Genetics and Pathology, Uppsala University. 

aPL testing 
Quantification of IgA, IgG and IgM isotypes of anti-CL and anti-β2GPI was 
performed using the EliA system based on fluorescence enzyme immunoassay 
(FEIA) on a Phadia 2500 instrument (Thermo Fisher Scientific, Uppsala, Swe-
den) according to the manufacturer’s instructions. The same analyses were 
repeated using the Aptiva system based on a particle-based multi-analyte tech-
nology (PMAT; Inova Diagnostics, San Diego, CA, USA, research use only). 
IgA anti-β2GPI D1 was analyzed using modified QUANTA Flash chemilumi-
nescence immunoassay (CIA; BIO-FLASH, Inova Diagnostics). IgA, IgG and 
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IgM RF, IgG anti-CCP2 and IgG anti-thyroid peroxidase (anti-TPO) were 
quantified using FEIA (Thermo Fisher Scientific). IgA, IgG and IgM anti-
PS/PT was investigated using the PMAT (Inova Diagnostics). Information 
about LA positivity was only available as retrospective data for Swedish SLE 
patients and the test was determined by the modified dilute Russel viper 
venom time method (dRVVT; Bioclot LA, Biopool, Umeå, Sweden). 

Quantification of autoantibodies in circulating IC 
Circulating IC were purified from Sudanese and Swedish patient sera using 
tosyl-activated magnetic micro-particles (Dynabeads M-280; Life Technolo-
gies, Carlsbad, California, USA) coated with purified human C1q (Quidel, San 
Diego, California, USA). For capturing and elution of IC, 20 μL of C1q-coated 
beads were incubated with 10 μL patient’s serum in a 96-well plate on micro-
plate shaker for 1.5 hours. Thereafter, beads with C1q-bound IC were recov-
ered on a magnetic washer. After washing with PBS-0.05% tween, IC were 
eluted using a two-step procedure 38 with two buffers at different pH, in se-
quence, to ensure effective elution. The eluted IC were then stored at -70°C 
until measurement. Quantification of individual ANA specificities was per-
formed in the recovered eluates containing solubilized IC using an addressable 
laser bead immunoassay, (FIDIS connective tissue profile, Theradiag). The IC 
elution technique was developed in our laboratory and has been used to eval-
uate IC in RA 38, and to evaluate treatment response in belimumab-treated 
Swedish SLE patients 39. Schematic presentation of the purification technique 
is illustrated in Figure 3. 

 

 
Figure 3. IC purification procedure. Adopted with permission from Sohrabian A, the de-
veloper of the technique 38 

Statistical analyses 
For comparisons of quantitative variables between groups, the Mann-Whit-
ney’s U test and the Kruskal Wallis test were used, according to the number 
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of studied groups/variables. Chi2-test was used to test for differences between 
categorical variables, with Fisher’s exact test being applied when appropriate. 
Whenever a statistical test between several quantitative variables was signifi-
cant, it was followed by Mann-Whitney U test for each pair. For paired quan-
titative variables, the Wilcoxon signed rank test was performed. Spearman’s 
non-parametric correlation test was used to measure strength and direction of 
correlation between quantitative variables in paper IV. Multivariate logistic 
regressions were used to test for predictive variables in paper V. Hierarchical 
clustering was used to create nested Sudanese and Swedish SLE cohorts 
matched for age at inclusion and disease duration. 
For all laboratory analyses, alongside the conventional cut-offs suggested by 
the assay manufacturers, national cut-offs were calculated based on the re-
spective national controls, determined at the 98th percentile (paper I) and 95th 
and 99th percentile (papers II, III and V). In paper IV cut-offs for specific ANA 
in IC were based on the significant correlations to ANA in serum and were 
calculated using linear regression formulas between levels in serum and IC, 
using the IC cutoff as the value corresponding to the manufacturer’s cut-off 
point for serum analysis.  
All statistical analyses, including national cutoff calculations were conducted 
using JMP statistical software (SAS institute, Cary, NC, USA). P values <0.05 
were considered significant. 
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The finding of late onset SLE and short disease duration among Sudanese pa-
tients was comparable to what we have previously observed earlier in RA pa-
tients from Sudan 160. Our observations in paper I of young age at inclusion 
and short disease duration might reflect early mortality of Sudanese SLE pa-
tients, perhaps due to severe disease and/or limited access to health care. Fur-
ther studies with prospective designs are needed to address this issue; our 
study was not designed to elucidate mortality rates and other epidemiological 
issues. The observed higher degree of organ impairment among Swedish pa-
tients when comparing the full cohort might be confounded by the great dif-
ference in the median age compared to Sudanese patients. We speculate that 
this more-or-less reflects the age-related comorbidity in addition to SLE bur-
den. Consequently, when we adjusted for age and disease duration in the 
nested cohorts, Sudanese patients showed higher organ damage scores. These 
were mainly attributed to neurological involvement and diabetes. Interest-
ingly, the most affected age group by neuropsychiatric manifestations, in par-
ticular neuropathies, were the young patients between 20-29 years old. Alt-
hough the higher prevalence of diabetes among Sudanese patients is a possible 
reason for neuropathy, these two manifestations were statistically independent 
of each other. The finding of worse organ involvement among Sudanese was 
concordant to what was previously published about severe disease in African 
patients living in Africa 81,161,162 or elsewhere 163,164. However, the increased 
neuropathy in young SLE patients from Sudan was a new finding and, to our 
knowledge, was not previously reported in African patients. This merits fur-
ther studies, and we plan to investigate occurrence of neuronal-associated au-
toantibodies e.g. anti-ganglioside antibodies in these cohorts. 

Comparing immunological profiles of the full cohorts, Anti-Sm antibodies 
were more prevalent among Sudanese patients, while occurrence of anti-
dsDNA antibodies was more frequent among Swedish patients. When we ad-
justed the cutoffs to national controls, Swedish patients additionally showed a 
higher prevalence of anti-histone and anti-SSA/Ro52 antibodies. Occurrence 
of CIC was higher among Swedish patients using the manufacturer’s sug-
gested cutoffs. In this paper, in contrast to previous studies of different ethnic-
ities by other researchers in the field of SLE, we used both manufacturer’s and 
nation-based cut-offs to determine prevalence of all immunological markers. 
Using such adjustments in both countries we recorded more differences be-
tween Sudanese and Swedish SLE patients as well as statistically stronger 
clinical associations to autoantibodies. These cutoff adjustments were essen-
tial since ANA serum levels differed significantly between Sudanese and Swe-
dish control groups. We therefore believe that autoimmune serology tests 
would benefit from such national adjustments when performed in African pop-
ulations. 
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In paper IV we compared the content of specific ANA in circulating IC in 
Sudanese and Swedish SLE patients and its relation to corresponding ANA 
serum levels and modified SLEDAI. Levels of all specific ANA measured in 
IC, except anti-SSA, were higher in Sudanese SLE patients compared to in 
Swedes. Median IC levels of anti-SSA/Ro60 and anti-SSA/Ro52 were higher 
in Sudanese patients but the differences were not statistically significant. In 
contrast, lower levels of anti-Sm, anti-dsDNA and anti-ribosomal P were de-
tected in the serum of Sudanese patients. After adjustment for age, disease 
duration and treatment (including DMARDs and prednisolone), IC levels of 
anti-dsDNA and anti-histone remained higher in the Sudanese patients, 
whereas significances for other ANA specificities were lost. Occurrence of 
antibodies against Sm, Sm/U1RNP, dsDNA and histone in IC among Suda-
nese patients were higher compared to among Swedes. Older age and long 
disease duration associated with lower IC levels and prednisolone use associ-
ated with higher IC levels of anti-dsDNA, anti-histone, anti-Sm/U1RNPand 
anti-U1RNP antibodies. Total levels of circulating CIC in serum strongly cor-
related with anti-chromatin antibodies directed against dsDNA and histone, 
with the highest degree of correlation being among the Sudanese patients. Oc-
currence of anti-U1RNP quantified in IC associated with high disease activity 
both in Sudan and Sweden, and more ANA specificities in IC than in serum 
showed positive associations to modified SLEDAI among Swedish patients.  

In this paper the distribution of different ANA specificities isolated from cir-
culating IC from Sudanese and Swedish patient sera provided quite an oppo-
site picture from that evident in serum. Sudanese patients were accumulating 
more chromatin-associated antibodies in IC than did Swedish SLE patients, 
but this was not the case for the corresponding serum levels. Although the 
observed difference in several ANA specificities might be influenced by dis-
ease demographics and treatment, the increase in anti-chromatin antibodies in 
IC from Sudanese patients was independent of age, disease duration and treat-
ment. My findings implicate that autoantibody compartments in soluble IC 
and in serum might have different roles and may be investigated separately to 
understand differences in appearance of rheumatic diseases in different geo-
graphical regions. As it was not technically feasible to purify IC and isolate 
bound antibodies from Sudanese control subjects, we could not investigate 
whether the increase of ANA levels in IC isolated from patients would be cor-
rected by levels in healthy subjects. In this study quantification of ANA in 
serum and IC isolation took place at different time points, but for every anal-
ysis Sudanese and Swedish subjects were always tested in parallel. Further 
studies with larger SLE cohorts from Sudan are needed in order to investigate 
whether individual specific ANA antibodies in IC associate with specific phe-
notypes of SLE in a different way to what has been described for serum meas-
urement 65,66.  
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in Sudanese pregnant women. Although IgG anti-β2GPI D1 have been de-
scribed as a culprit antibody in APS in many studies, IgA anti-D1 might not 
be a pathological antibody. A recent report demonstrated that domains 3, 4 
and 5 were the main targets for IgA anti-β2GPI in thrombotic APS patients 166. 
Another study described 77% of the patients positive for IgA anti-β2GPI do-
main 4/5 antibodies had thrombotic events and pregnancy losses, and a high 
correlation between IgA anti-β2GPI and IgA anti-domain 4/5 levels was also 
reported 136. The non-reactivity against D1 found in pregnant Sudanese 
women cannot therefore be interpreted as a clear sign of non-pathogenicity of 
IgA anti-β2GPI in this setting. Further longitudinal studies are needed to de-
termine the prognostic significance of IgA aPL in healthy Sudanese pregnan-
cies. More investigations are also warranted to disentangle the role of the en-
vironment and/or genetic makeup in the occurrence of these antibodies. Ge-
netic analyses of the Sudanese cohort are planned in order to address these 
issues. 

Our results in papers III agree with the findings of paper II. We investigated 
aPL isotypes and their clinical significance in Sudanese and Swedish SLE pa-
tients. We determined that Sudanese SLE patients had increased IgA anti-CL 
and IgA anti-β2GPI levels compared to Swedish patients. Healthy Sudanese 
controls also had high IgA aPL compared to their Swedish counterparts, and 
when we adjusted the cut-offs for Sudanese and Swedish patients in relation 
to national controls, the higher prevalence of IgA aPL among the Sudanese 
patients was lost. It is also noteworthy that IgA antibodies against D1 were 
not increased in Sudanese compared to Swedish patients. We thus think that 
previous studies of populations of African origin, which demonstrate a high 
prevalence of IgA aPL positivity in SLE and APS compared to among Cauca-
sian patients, should be re-evaluated using a similar cutoff approach, or other 
ways of adjusting to national controls. Clinical associations to aPL varied be-
tween Sudanese and Swedish SLE patients. IgA anti-β2GPI did not show any 
clinical associations in Sudanese patients, while in Swedish patients most 
measures of aPL isotypes exhibited associations to venous thrombosis. This 
discrepancy could statistically be due to the low number of thrombotic events 
among Sudanese patients, yet might also reflect a true difference in clinical 
associations. A recent study showed that African American SLE patients with 
venous thrombosis are 66% less likely to have a significant aPL profile com-
pared to Caucasian patients. The authors concluded that the absence of aPL in 
African American SLE patients does not necessarily exclude the risk for 
thrombosis 167. Fetal losses were increased in aPL positive patients both in 
Sudan and Sweden. IgA anti-D1 was exclusively associated with arterial 
thrombosis in Swedish patients and with thrombocytopenia in Sudanese pa-
tients. 
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Paper V 
We investigated the prevalence and clinical value of anti-PS/PT compared to 
APS criteria aPL tests; anti-CL, anti-β2GPI and LA, also including the IgA 
isotype for all autoantibodies, in Sudanese and Swedish SLE patients. Higher 
levels of IgM anti-PS/PT were detected in Sudanese compared to Swedish 
patients, but there was no difference between the countries in the prevalence 
of any anti-PS/PT isotype using nationally adjusted cut-offs. Anti-PS/PT iso-
types did not associate with thromboses in Sudanese patients, whereas all iso-
types of anti-PS/PT associated with venous thrombosis and only IgA anti-
PS/PT associated with arterial thrombosis among Swedish patients.  

Data for LA, CVD risk factors and carotid artery ultrasound, were available 
for the Swedish cohort. Univariate analysis revealed significant associations 
of venous thrombosis with hyperlipidemia and occurrence of all aPL except 
IgM anti-CL and IgM anti-β2GPI antibodies. IgM anti-PS/PT had the highest 
odds ratio to predict venous thrombosis. Conversely, only IgA anti-PS/PT and 
CVD risk factors associated with arterial thrombosis. None of the aPL, includ-
ing anti-PS/PT, associated with the occurrence of carotid plaques, but IgA 
anti-PS/PT and LA showed a significant association with cerebrovascular 
events. Using multiple regression including the criteria aPL, LA and anti-
PS/PT, the latter was the only independent predictor of venous thrombosis in 
Swedish SLE patients. Both anti-PS/PT and anti-β2GPI antibodies inde-
pendently predicted LA positivity. However, among LA positive patients only 
anti-PS/PT associated with a positive LA test in patients with thrombotic 
events. Interestingly, double positivity for anti-PS/PT and anti-β2GPI antibod-
ies conferred higher venous thrombosis risk compared to the conventional tri-
ple positivity of anti-CL, anti-β2GPI antibodies and LA.  

In this study we confirmed the strong connection of anti-PS/PT antibodies to 
thrombosis, as described in previous studies. We also demonstrated that posi-
tivity to these antibodies conferred a higher risk for thrombosis than the con-
ventional APS criteria tests in Swedish SLE patients. The thrombotic risk con-
ferred by anti-PS/PT antibodies was independent of CVD risk factors and 
other aPL including LA. Few studies have investigated the role of anti-PS/PT 
using multivariate analyses 168-170, and from our results we could conclude that 
anti-PS/PT outperformed all other aPL when applying this statistical model. 
We also reported the novel association of IgA anti-PS/PT to arterial throm-
bosis using uni- and multivariate analyses. IgA anti-PS/PT has rarely been 
investigated previously, and no reports have shown association to arterial 
thrombosis as a clinical entity separate from venous events.  

The LA test is technically challenging and is often missed in clinical settings. 
In our study anti-PS/PT antibodies exerted a high correlation to LA and was 
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associated with an even higher thrombotic risk. Intriguingly, double positivity 
for anti-PS/PT and anti-β2GPI antibodies resulted in higher venous thrombotic 
risk than the conventional triple positivity. This finding would then more jus-
tify the quantification of anti-PS/PT antibodies in the clinic. Replacing LA 
with anti-PS/PT might be of great advantage in the clinic, especially when LA 
is unfeasible to perform, e.g. geographical regions where LA tests are not rou-
tinely/easily accessible, or difficult to interpret as in the case of anti-coagu-
lated patients. 
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Conclusions 

The focus of this thesis was to compare autoantibody occurrence and clinical 
relevance in two distinct ethnicities, Sudanese and Swedish, where both ge-
netic and environmental components differ, and where these differences are 
expected to impact autoimmunity. Our motivation was augmented by the fact 
that most of the current literature on African SLE patients involve individuals 
living outside of their ancestors’ geographical origin, and a limited number of 
studies have actually investigated populations in Sub-Saharan Africa. Com-
paring SLE and aPL between Sudan and Sweden using the same comparative 
tools did not only reveal new knowledge about SLE in Sudan but also added 
to the understanding of how to interpret autoantibody expression in African 
subjects.  

Our observations of short disease duration and more organ damage among 
Sudanese SLE patients indicates a possibly more severe SLE phenotype with 
a higher rate of unrecognized patients’ loss in Sudan. These findings could 
partly be a result of non-biological factors e.g. socioeconomic status or health 
care provision. However, we acknowledge that our studies were not designed 
to deliver conclusions about disease mortality. In concordance with previous 
publications of black SLE patients, Sudanese patients were determined to have 
a higher prevalence of anti-Sm antibodies, but less occurrence of anti-dsDNA 
in their sera. We also showed that levels of almost all specific ANA eluted 
from circulating IC were higher in Sudanese sera, these findings being partic-
ularly noticeable concerning chromatin-associated antibodies. Our technique 
to quantify autoantibody content in IC is new and has not previously been used 
to compare different SLE cohorts. If the antibody content in IC is prognosti-
cally significant, our findings might partly explain the severity of SLE in black 
populations. The different findings obtained for antibody levels detected in 
serum and circulating antibodies complexed with their respective antigens, 
suggest that autoantibodies in these two compartments might relate differently 
to SLE, and that measurement of the autoantibody fraction in circulating IC 
can be a new important autoimmunity serological measure. Nonetheless, fur-
ther studies involving a greater number of patients, and where levels of auto-
antibodies in serum samples and in corresponding circulating IC of partici-
pants and controls are measured strictly in parallel, are needed. This will help 
to determine whether IC-bound antibody load and specificity of IC-bound 
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antibodies, especially those directed against anti-chromatin structures, are as-
sociated with specific SLE phenotypes in Sudan.   

The published literature on prevalence and clinical relevance of aPL reveals a 
considerable degree of disagreement. This confusion is more substantial in 
studies from the African region, due to limited data and unstandardized meth-
odology. We have for the first time reported a high prevalence of IgA aPL 
during pregnancies of apparently healthy African women. This observation 
was seemingly specific to aPL, notably anti-β2GPI, and was not evident in 
Swedish pregnant women. We still do not know which epitopes of β2GPI are 
involved in this increased reactivity, but it is probably not against the first 
domain, which has been shown to be central in the anti-β2GPI response in a 
number of studies of Caucasian APS cohorts. We also recorded higher IgA 
aPL levels in Sudanese compared to in Swedish controls, a finding that af-
fected the prevalence of aPL when comparing SLE patients from the two 
countries. Our studies imply that IgA aPL are commonly present in individu-
als from Sudan, both in the context of health and disease. The next mission 
will be to investigate whether these IgA aPL are harmless/background anti-
bodies that are universally increased in Sudan, or if they are potentially path-
ogenic. To distinguish between these possibilities, we should investigate 
which β2GPI domains they target, and at what serum levels they are clinically 
significant.  

In all of our studies the results varied considerably depending on what cutoffs 
were used. National cutoff adjustments did not only influence prevalence but 
also revealed more clinical associations, compared to using uniform cutoffs 
recommended by assay manufacturers. In my studies these manufacturers’ 
cutoffs were primarily based on Caucasian reference groups, and most likely 
this is the case for most autoantibody assays developed in Europe and North 
America. The high prevalence of aPL among Sudanese SLE patients disap-
peared after cutoff adjustment to national controls for each respective country. 
This indicates that previous studies showing increased levels of IgA aPL in 
patient groups living in Africa or living elsewhere but with African ancestry 
might need re-evaluation. 

In our last paper we demonstrated that antibodies against PS/PT are promising 
candidate biomarkers, having strong associations with thrombotic events in-
dependent of both conventional aPL and CVD risk factors. In comparison with 
anti-β2GPI antibodies they also associated more strongly with LA positivity 
and exclusively with pathogenic LA. Our findings do not only reinforce the 
notion suggested by other researchers that anti-PS/PT antibodies can have a 
significant role in diagnosis and risk stratification of APS in the future. They 
also suggest that anti-PS/PT could be used as a surrogate marker to LA or, and 
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in conjunction with anti-β2GPI antibodies, replace the conventional triple pos-
itivity for risk stratification. 

I hope that my studies will encourage other researchers in the field of rheu-
matic diseases to perform longitudinal studies that include larger cohorts of 
patients with SLE and APS from different parts of the African continent.  
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Future Perspectives  

I have in this thesis tried to describe the clinical and autoimmune profiles of 
SLE in patients from Sudan, and have investigated aPL occurrence among 
Sudanese healthy pregnancies. My future plans will focus on exploring the 
genetic associations to the clinical and laboratory data presented in this thesis. 
In addition, I intend to extend the immunological analyses of the Sudanese 
cohorts based on the results from our current studies. 

Genetic Analyses 
Genetic studies of SLE and aPL are largely lacking in Africans compared to 
other populations. During my PhD period I have extracted DNA from the Su-
danese patient and control cohorts. These samples were analyzed by Science 
for Life Laboratory (SciLife Lab), and we have obtained GWAS data using 
the Infinium Expanded Multiethnic genotyping array (MegaEx; Illumina, San 
Diego, California, USA) and Immuno-chip 2.0. For the Swedish SLE cohort, 
HLA and immuno-chip 1 data are available through collaboration with Iva 
Gunnarsson and Elisabet Svenungsson at the Karolinska Institute. The main 
plan is to compare Sudanese-Swedish genetic data in relation to the already 
obtained and described clinical and autoimmune characteristics. Below, I 
highlight the intended investigations.  

 
1. Imputation of HLA genes. Quality of the imputation will be deter-

mined by comparison with HLA-DRB1* data obtained by sequenc-
ing performed at Beijing Genetic Institute that we already have for 
the previously described Sudanese RA cohort 160. 

2. Single nucleotide polymorphisms (SNPs) analyses of genes associ-
ated with SLE and aPL. My cohorts are rather small. To keep levels 
of mass-significance low I will focus on genes already found to as-
sociate with SLE and aPL in patient groups of other ethnicities. Es-
tablished risk genes were identified by many genetic studies of SLE; 
genes involved at each pathogenic pathway e.g. IC formation, innate 
and adaptive immune responses including TLRs and IFN pathways 
3. A polymorphism that induces a leucine/valine shift located at D5 
of the β2GPI molecule has been described to associated with APS 
in Asian patients 171. Another recent study has shown that LDL re-
ceptor and PCSK9 polymorphisms associate with aPL 172 . African-
American SLE patients with complement C4A and C4B null alleles 
are more often positive for anti-CL antibodies 173.  
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3. Quantitative trait loci (QTL) analyses where the ‘expression’ data 
are either quantitative measurements of autoantibodies or quantita-
tive disease activity measures e.g. SLEDAI. 
 

Immunological analyses 
1. Investigation of IgA/G antibodies against epitopes of β2GPI. 

Studies of IgG antibodies against β2GPI D1 in the Sudanese APS 
patients and controls are underway. In addition, given the increased 
prevalence of IgA anti-β2GPI among Sudanese subjects with nor-
mal IgA anti-D1, we also want to investigate IgA antibodies against 
domains 4 and 5 of anti-β2GPI. This will also involve the Sudanese 
APS cohort which is not included in this thesis work. Our prelimi-
nary data show increased IgA anti-D1 in pregnant APS patients 
compared to healthy pregnant Sudanese women, although this was 
not the case for antibodies against the full β2GPI molecule (Table 
4). Part of these analyses will be performed in collaboration with 
DR. Michael Mahler, Inova Diagnostics, San Diego, CA, USA. 

2. The importance of complement activation in the pathology of 
aPL is increasingly gaining attention 174. Conventional IgG/M 
aPL can activate the classical complement pathway. In a few 
studies IgA antibodies were shown to activate complement 
through the lectin pathway 175,176, but complement activation by 
IC containing IgA aPL has never been studied. Given the special 
interest of IgA aPL in African patients and the marked increase 
in IgA aPL among not only SLE patients but also healthy preg-
nant women from Sudan, we are now collaborating with Oscar 
Erikson and Bo Nilsson (Department of Immunology, Genetics 
and Pathology, Uppsala University) and planning for functional 
lectin pathway investigations using our Sudanese samples. I will 
relate these experimental data to the results presented in this the-
sis. 

3. To explore possible immunological risks for the increased neuro-
logical damage among Sudanese SLE patients described in paper I, 
we will investigate anti-ganglioside antibodies, which are reported 
to associate with inflammatory nerve damage in lupus 177. 

  



 47 

Table 4. Median levels of aPL in Sudanese APS patients and controls using PMAT 
for quantification of anti-CL, anti-β2GPI and anti-PS/PT and CIA for anti-D1. Un-
published results. 

aPL  
(median) 

Pregnant 
APS  
n=47 

Pregnant 
controls 
n=109 

P value 
Non-preg-
nant APS 
n=44 

Non-preg-
nant con-
trols n=92 

P value 

IgA anti-
CL 188 223 0.2 188 139 <0.0001 
IgG anti-
CL 212.5 180 <0.0001 217 170 <0.0001 
IgM anti-
CL 170 147.5 0.09 225.5 158.5 0.001 
IgA anti-
β2GPI 193 353 0.005 179.5 103.5 <0.0001 
IgG anti-
β2GPI 142 135 0.007 153.7 132.2 0.001 
IgM anti-
β2GPI 118 116 0.8 156.7 101 0.0002 
IgA anti-
D1 1566 1154 <0.0001 1381 1136 0.0002 
IgA anti-
PS/PT 47 44 0.02 45.5 43 0.008 
IgG anti-
PS/PT 246 237.2 <0.0001 250 229 <0.0001 
IgM anti-
PS/PT 

79.5 77 0.2 85.5 79.5 0.03 
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