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Ágrip 

Inngangur: Sjálfsofnæmissjúkdómar hrjá 5-8% af fólki í heiminum og eru mun algengari hjá konum en 

körlum. Margir þeirra hafa sterk tengsl við sjálfsofnæmismótefni sem eru ekki vefjasértæk og beinast 

því gegn sameindum sem finnast meira og minna í öllum frumum líkamans, þar á meðal kjarnaþáttum. 

Dæmi um þessa sjúkdóma eru blandaður bandvefsjúkdómur, herslismein, rauðir úlfar og Sjögrens 

heilkenni. ANA-kjarnamótefnaskimpróf er óbeint flúrskinspróf sem er notað til að skima fyrir 

sjálfsofnæmismótefnum sem beinast gegn kjarnaþáttum og geta niðurstöður hjálpað til við 

sjúkdómsgreiningu. Í upphafi voru ANA-kjarnamótefnaskimpróf framkvæmd á nagdýravef. Á síðast 

liðnum þrem til fjórum áratugum hefur nagdýravefnum verið skipt út á flest öllum rannsóknarstofum 

fyrir HEp-2 og HEp-2000 frumur en á ónæmsifræðideild LSH er ennþá notaður nagdýravefur. Sýnin 

eru metin með tilliti til styrks mótefna í sermi og mynsturs í flúrskinssmásjá en mynstur geta gefið 

vísbendingar um ákveðin sjálfsofnæmismótefni. Ef sýni eru jákvæð í ANA-kjarnamótefnaskimprófi eru 

framkvæmdar ENA og DNA mótefnamælingar til nánari greiningar á kjarnaþáttum. 

 Markmið: Að bera saman HEp-2000 frumur og nagdýravef sem undirlag fyrir ANA-

kjarnamótefnaskimpróf á völdu þýði. Skoða mótefnastyrk og mynstursgreiningu á bæði HEp-2000 

frumum og nagdýravef. Ásamt áframhaldandi úrvinnsla á 195 sýnum, þar sem kjarnamótefnaskimprófs 

niðurstöður eru bornar saman við sjúkdómsgreiningu og einstök einkenni. 

Efni og aðferðir: Þrjúhundruð sýni (þýði A) frá sjúkrahúsum, heilsugæslustöðvum og einkareknum 

læknastofum, með beiðni um ANA skimpróf sem komu á ónæmisfræðideild LSH í september 2013. Öll 

sýnin voru sett upp á HEp-2000 frumur og ENA og DNA mótefnamælingar framkvæmdar þar sem við 

á. Áframhaldandi úrvinnsla gagna á 195 sýnum (þýði B) sem valin voru út frá ANA og ENA 

niðurstöðum og komu frá göngudeildum gigtar- og ónæmisfræðideildum LSH á tímabilinu 2008-2010.  

Niðurstöður: Það er marktæk fylgni á milli bæði styrks (p= <0.0001) og mynstra (p= <0.0001) sýna úr 

þýði A á nagdýravef og HEp-2000 frumum. Jákvæð sýni voru með eins ANA mynstur í 50.6% (45/89) 

tilfella. Kjarnamótenfaskimpróf gert með óbeinu flúrskinsprófi af þýði B sýndi góða næmni, 86.2% á 

nagdýravef og 94.2% á HEp-2000 frumum og jákvætt forspárgildi, 76.8% á nagdýravef og 73% á HEp-

2000 frumum.  

Ályktanir: Nagdýravefur og HEp-2000 frumur eru jafn hæf til notkunar sem undirlag við framkævmd 

kjarnamótefnaskimprófa. Það er ekkert því til fyrirstöðu að halda áfram að framkvæma ANA-

kjarnamótefnaskimpróf á nagdýravef á ónæmisfræðdeild LSH. Ef ákveðið verður að taka upp HEp-

2000 frumur þarf að gera frekari mælingar til að ákveða upphafsþynningu sýna  en samkvæmt þessari 

rannsókn virðist ekki  henta að hafa upphafsþynningu sama sem eða hærri en 1:100.  

Samkvæmt niðurstöðum þessarar rannsóknar á ANA-kjarnamótefnaskimprófið áfram að vera það próf 

sem notað er til að skima fyrir kjarnamótefnum og getur ENA skimprófið eða sambærileg próf ekki 

komið í stað þess til að skima fyrir ENA og DNA mótefnum.  
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Abstract 

Introduction: Autoimmune diseases as a group affect about 5-8 % of the population and are more 

frequent in female. Many of them have a connection to autoantibodies that are non-organ specific and 

are therefore directed against the molecules that are found more or less in all cells of the human body, 

including nuclear and intracellular cytoplasm molecules. Examples of these diseases are mixed 

connective tissue disease, Sjögren’s syndrome, systemic sclerosis and systemic lupus erythematosus. 

The anti-nuclear antibody (ANA) screen test is an indirect immunofluorescence assay that is used to 

screen for autoantibodies against nuclear and intracellular cytoplasm molecules. Test results may help 

with the diagnosis of autoimmune diseases. The ANA screen test was originally performed on a 

cryocut of rodent tissue as a substrate, but in the past three or four decades it has mostly been 

replaced by HEp-2 cells and later on HEp-2000 cells. At the Department of Immunology, Landspítali -

The National University Hospital of Iceland a cryocut of rodent tissue is still used as a substrate.  

Objectives: To compare HEp-2000 cells and rodent tissue as substrates for ANA testing on chosen 

cohort.  Evaluate antibody concentration and ANA patterns on both HEp-2000 cells and rodent tissue. 

Further analysis of data from 195 individuals, where ANA screen test results were compared to 

existing diagnosis and specific symptoms. 

Material and methods: Three hundred samples (cohort A) from hospitals and clinics with request for 

ANA screening test arriving at Department of Immunology in September 2013.  ANA screen test using 

HEp-2000 cells was performed on all samples and ENA screen test and/or dsDNA (EliA) if 

appropriate. Further analysis of data from 195 individuals (cohort B), that were selected based on ANA 

and ENA screen test results, coming from outpatient clinic of Departments of Rheumatology and 

Immunology at Landspitali to the Department of Immunology during the years  2008-2010. 

Results: There is a significant correlation between both patterns (p= <0.0001) and titer (p= <0.0001) 

on rodent tissue and HEp-2000 cells. Of positive samples, ANA pattern were identical in 50.6% 

(45/89) of cases. ANA testing using IIF shows a good sensitivity, 86.2% on rodent tissue and 94.2% 

on HEp-2000 cells and positive predictive value. 76.8% on rodent tissue and 73% on Hep-2000 cells.  

Conclusion: Rodent tissue and HEp-2000 cells are equaly eligible as substrate for ANA screen test. 

There is no evidence to suggest updating the current proticol of performing ANA test on rodent tissue 

at the Department of Immunolgoy, Landspital – The National Univerisity Hospital of Iceland. If a 

decision will be made to implement HEp-2000 cells, the cut-off titer must be well considered, our 

results indicate that a titer less than 1:100 should be used. According to our findings the ANA screen 

test should continue to be the screening test that comes before the ENA screen test or other similar 

test to detect anti-ENA antibodies and anti-dsDNA antibodies. 

. 
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1 Introduction 

1.1 The Immune system 

The immune system is a collection of cells, molecules and tissues that mediate resistance to 

infections. The organized reaction of these cells and molecules to infectious microbes is called an 

immune response. The immune system consists of innate immunity and adaptive immunity (Abbas & 

Lichtman, 2009; Dranoff, 2004). Innate immunity, also called nonspecific immune defense, is the first 

line of defense against microbes. It blocks the entry of microbes or eliminates microbes that do 

succeed in entering host tissue (Dranoff, 2004; Mcdade, 2005; Rauw, 2012). If innate immunity does 

not succeed, then adaptive immunity is activated. Innate and adaptive immunity have different roles 

and functions but are both necessary for the health of the human body, and they in fact partly work 

together, as illustrated in figure 1 (Cerutti et al., 2013; Dranoff, 2004). 

1.1.1 Adaptive immunity 

Adaptive immunity also called specific immune defense, is activated if innate immunity does not 

succeed (Dranoff, 2004; Mcdade, 2005). It consists of B and T- lymphocytes. Receptors on the 

Figure 1 The principal mechanisms of innate and adaptive immunity (Abbas & Lichtman, 

2009) 

Innate immunity is first line of defense against microbe. If it does not succeed, adaptive 

immunity gets activated. Different cells belong to innate and adaptive immunity. Innate immunity 

is an interaction between dendritic cells, phagocytes, NK cells and complements while adaptive 

immunity are B and T lymphocytes.  
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lymphocytes recognize microbes, or more specific antigens on these microbes (Cerutti et al., 2013; 

Mcdade, 2005). 

Adaptive immunity is normally divided into cell-mediated and humoral immunity (Rauw, 2012). Cell-

mediated immunity is the role of T lymphocytes, which mainly eliminate intracellular microbes and 

coordinate a specific immune response. Humoral immunity is mediated by B lymphocytes and the 

antigens they produce, and mainly protects against extracellular microbes (Mcdade, 2005). Adaptive 

immunity also has the ability to make an immunological memory and therefore recognize and respond 

more quickly to antigens, if encountered repeatedly (Mcdade, 2005).   

1.2 Autoimmunity 

B and/or T lymphocytes specific for self-antigen mediate autoimmunity. The immune system must be 

able to recognize autoreactive lymphocytes from nonautoreactive as they develop in order to generate 

self-tolerance.  

T lymphocytes mature in the thymus and B- lymphocytes mature in bone marrow. Central tolerance 

mechanisms eliminate newly formed lymphocytes with high affinity to self-antigens. The regulatory 

mechanism of central tolerance can fail and allow an increased number of autoreactive lymphocytes 

into the circulation and also those lymphocytes with low affinity to self-antigens that can be activated 

later on. 

A low level of autoreactive lymphocytes is physiological and necessary for normal immune function, 

and activation of autoreactive lymphocytes does not automatically lead to autoimmune disease 

although the potential for this does exist (Amur et al., 2012; Murphy, 2012; Salinas et al., 2013). The 

progression of harmless autoimmunity to autoimmune disease is thought to be triggered by 

environmental and genetic factors (Amur et al., 2012; Muños et al., 2010; Yamamoto & Shlomchik, 

2010). Environmental factors that have an effect on some autoimmune diseases include for example 

smoking, infection, injuries, geography and ethnicity. Factors that would probably have no effect on 

most individuals can trigger autoimmune disease in individuals with certain genetic factors (Amur et 

al., 2012; Hang & Nakamura, 1997; Vincent et al., 2013).  

Autoimmune diseases are more common in female then male and 70-90% of patients with some 

systemic autoimmune diseases are females, the cause is not really known but it has been connected 

to hormones  (Amur et al., 2012; Tiniakou et al., 2013). 

Some studies have started to associate the process of apoptosis to the onset of systemic 

autoimmune diseases but a defective clearance of apoptotic cells is thought to challenge immune 

tolerance mechanisms. Most of the autoantibodies in many of the systemic autoimmune disease are 

normally localized in the nucleus or cytoplasm and should therefore be protected (Muños et al., 2010; 

Rifkin et al., 2005).  

An autoimmune response in the humoral immune system that is T cell-dependent is a common 

explanation of systemic autoimmune rheumatic diseases (Peene et al., 2001; Rosen & Casciola-

Rosen, 1999).  
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1.2.1 Autoimmune diseases 

Autoimmune diseases are rare, but as a group they affect about 5-8 % of individuals (Davidson & 

Diamond, 2001; Sinha et al., 1990; Tiniakou et al., 2013). Autoimmune diseases can be broadly 

classified into two groups. First are organ-specific diseases, they are characterized by autoantibodies 

that target single or closely related organs. Second is, systemic diseases that is characterized by 

variety of autoantibodies directed toward specific collection of nuclear and intracellular cytoplasm 

molecules, also called non-organ specific autoantibodies (Davidson & Diamond, 2001; González-

Buitrago, 2006; Hang & Nakamura, 1997; Hiemann et al., 2009). 

Systemic autoimmune diseases are generally characterized by the product of autoantibodies 

against nuclear and cytoplasmic antigens and chronic inflammatory process involving different organs 

(González-Buitrago, 2006; Rigon et al., 2007; Rosen & Casciola-Rosen, 1999). It is important to get 

an early diagnosis and treatment of systemic rheumatic diseases because it improves remission rates 

and prognosis (Beeck et al., 2011). Systemic rheumatic diseases are diseases such as 

dermatomyositis, mixed connective tissue disease, polymyositis, Sjögren’s syndrome, systemic 

sclerosis, systemic lupus erythematosus and few other diseases (Mahler & Fritzler, 2010). 

1.2.1.1 Mixed connective tissue disease (MCTD) 

The prevalence of mixed connective tissue disease is around 0,003-0,004% in adult individuals and is 

ten times more common in female (Gunnarsson et al., 2011; Mahler & Fritzler, 2010). It is a syndrome 

with overlapping features between other systemic rheumatic diseases such as rheumatoid arthritis, 

systemic lupus erythematosus, systemic sclerosis, polymyositis and dermatomyositis (Tani et al., 

2014; Wiik, 2005). Some patients even go on and develop systemic sclerosis or systemic lupus 

erythematosus later on (Wiik, 2005).   

Symptoms in MCTD are many and the most frequent are Raynaud’s phenomenon, soft tissue 

swelling of the fingers and hands, arthritis, pleuritis, pericarditis, myositis, interstitial lung disease and 

esophageal dysmotility (Gunnarsson et al., 2011; Tan, 1980; Tani et al., 2014). Some of those 

symptoms can also appear in other autoimmune diseases for example systemic lupus erythematosus, 

polymyositis and systemic sclerosis, but the complete picture is characteristic for MCTD (Gunnarsson 

et al., 2011). Anti-RNP antibodies are found in MCTD (Gunnarsson et al., 2013; Tani et al., 2014). All 

diagnostic criteria for MCTD require a positive ANA (Solomon et al., 2002). 

1.2.1.2 Polymyositis and Dermatomyositis (PM/DM) 

Polymyositis (PM) and dermatomyositis (DM) are chronic idiopathic inflammatory myopathies. PM/DM 

are found in approximately 0.0019-0.0077% of individuals (Choy & Isenberg, 2002). PM mostly affects 

individuals over 20 years of age. It is two times more common in females than males. DM affects 

individuals of all ages. DM and PM can be associated with other autoimmune diseases (Brunasso et 

al., 2014; Mahler & Fritzler, 2010). DM is characteristic by a distinct rash and muscle weakness and 

PM by a subacute myopathy and weakness of the proximal muscles (Dalakas & Hohlfeld, 2003). 

Antibodies against Jo-1 are frequently found in patients with PM and DM (Wiik, 2005). 
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1.2.1.3 Sjögren‘s syndrome (SS) 

Sjögren‘s syndrome can occur alone as primary (pSS) or associated with other autoimmune diseases 

for example rheumatoid arthritis or systemic lupus erythematosus as secondary SS (sSS) (Alamanos 

et al., 2006; Salliot et al., 2007; Vitali et al., 2002). pSS is found in approximately 0.1-0.2% of 

individuals, pSS and sSS together are found in approximately 1-3% of individuals and are nine times 

more common in females (Goëb et al., 2007; Mahler & Fritzler, 2010). In the Icelandic population the 

prevalence of SS is 0.5% (Atladóttir et al., 2000). 

Sjögren’s syndrome is characterized by lymphocytic infiltration of exocrine glands and hypo 

function of the lachrymal and salivary glands (Alamanos et al., 2006; Shiboski et al., 2012; Vitali et al., 

2002). The most common symptoms in pSS are ocular and oral dryness, along with widespread pain 

and intense fatigue that affects life quality (Cornec et al., 2014).  

The most common antibodies detected in SS, which form a part of the classification criteria for SS, 

are antibodies against SSA/Ro and SSB/La, as listed in appendix 1 (Cornec et al., 2014; Shiboski et 

al., 2012). A positive ANA screen test with titer equal to or greater than 1:320 is also a part of the 

criteria (Shiboski et al., 2012). 

1.2.1.4 Systemic sclerosis (SSc) 

Systemic sclerosis is a chronic autoimmune disease and usually presents with a specific set of clinical 

signs and symptoms (Solomon et al., 2002; Wipff et al., 2014). It is characterized by fibrosis in the skin 

and internal organs and is found in approximately 0.0013-0.014% of individuals. It is ten times more 

common in females (Hesselstrand et al., 2003; Mahler & Fritzler, 2010). In the Icelandic population the 

prevalence of SSc is 0.007% (Geirsson et al., 1992).  SSc is associated with increased mortality but 

the prognoses are highly variable. Sex, age at diagnosis, skin involvement and the involvement of the 

kidneys, heart or lungs all have an effect on death rate (Hesselstrand et al., 2003). SSc can be 

subdivided into two sub syndromes; limited cutaneous SSc and diffuse cutaneous SSc (Hesselstrand 

et al., 2003; Hoogen et al., 2013; Wiik, 2005). In a large US cohort, diffuse cutaneous SSc was found 

in about 35% of patients and limited cutaneous SSc in 65%, where diffuse cutaneous SSc is more 

commonly seen in black individuals (Mayes et al., 2003). 

Anti-centromere antibodies are found in SSc patients but mostly in patients with limited cutaneous 

SSc (Akbarali et al., 2006; Moroi et al., 1980). Patients with anti-centromere antibodies have a lower 

frequency of lung, heart and kidney involvement. Anti-Scl-70 antibodies, anti-RNA polymerase 

antibodies and anti- RNP antibodies are found in patients with diffuse cutaneous SSc (Hesselstrand et 

al., 2003; Moroi et al., 1980). Patients with anti-Scl-70 antibodies commonly have more extensive skin 

involvement and pulmonary fibrosis, whereas patients with anti-RNA polymerase antibodies have 

more renal and cardiac involvement and patients with anti-RNP antibodies have a more vasospastic 

manifestation. Positive antibodies against centromere, Scl-70 and RNA polymerase III are a part of the 

classification criteria for SSc, as listed in appendix 2 (Hoogen et al., 2013). 
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1.2.1.5 Systemic lupus erythematosus (SLE) 

Systemic lupus erythematosus is an infrequent disease that is easily confused with many other 

disorders (Rahman & Isenberg, 2008). It is found in approximately 0.04-0.07% of individuals (Somers 

et al., 2014). It is nine times more common in female and it’s more common in African Americans and 

Hispanics then Caucasian (Kurien & Scofield, 2006; Petri & Magder, 2004; Webb et al., 2011). In the 

Icelandic population the prevalence is 0.03% (Sigurðsson et al., 1992). 

SLE is a chronic inflammatory systemic autoimmune disease, characterized by various organ and 

tissue damage, especially joints, the heart, lungs, skin, blood and kidneys, which can be hard to 

diagnose. SLE has an negative effect on health-related quality of patient life but it can also results in 

noticeable morbidity, fatality and disability (Vincent et al., 2013). Almost all SLE patients have positive 

antinuclear antibody test and high concentration of autoantibodies are common (Heinlen et al., 2010; 

Solomon et al., 2002). Antibodies against dsDNA are most frequent but antibodies against Sm, RNP, 

SSA/Ro and SSB/La can also be found (Heinlen et al., 2010; Ippolito et al., 2011; Maddison et al., 

1985; Wiik, 2005). Positive ANA screen test and antibodies against dsDNA and Sm are a part of the 

criteria for SLE, appendix 3 (Petri & Magder, 2004). 

Many drugs cause a variant of lupus called drug-induced lupus, but about 10% of SLE like disease 

is drug induced and potentially reversible (Egner, 2000; Rahman & Isenberg, 2008). Patient with drug-

induced lupus usually have symptoms like skin and joint manifestation but rarely renal and neurologic 

features (Rahman & Isenberg, 2008).  

1.2.1.6 Other autoimmune diseases 

Antinuclear antibodies are found in many other autoimmune diseases than those discussed here 

above, for example rheumatoid arthritis (RA) (Mahler & Fritzler, 2010). Rheumatoid arthritis is a 

chronic autoimmune disease characterized by the involvement of many tissues and organs and is 

found in approximately 0.5% of adult individuals. Most frequently the joints are affected, leading to 

inflammation of synovial joints that can result in destruction of the articular cartilage and loss of joint 

function (Mahler & Fritzler, 2010; Rossini et al., 2014; Wells et al., 2014). It is twice as frequent in 

females than males and often begins at a young age (Wells et al., 2014). Anti-RNP, anti-SSA/Ro and 

anti-SSB/La antibodies are found in patient with RA but are not specific for the disease (Benito-Garcia 

et al., 2004; Pisetsky, 2012). 

1.3 Anti-nuclear antibodies (ANA) 

Anti-nuclear antibodies are a diverse group of autoantibodies that are directed at nuclear components, 

for example proteins, nucleic acid and a complex of both (Egner, 2000; Pisetsky, 2012). In the daily 

use of the term ANA, we include not only autoantibodies against nuclear components but also those 

against cytoplasmic components for example mitochondria (Wiik, 2005). 

Anti-nuclear antibodies are closely associated with systemic rheumatic diseases and are useful for 

the diagnosis of patients with those diseases. Anti-nuclear antibodies can also be found in individuals 

without autoimmune disease, including individuals with infections (for example malaria and 
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tuberculosis), malignant disease, and thyroid disease, but they usually appear at low titers. ANA in 

individuals without autoimmune disease are more common in females and elderly people (Azizah et 

al., 1995; Beeck et al., 2011; Kang et al., 2004; Pisetsky, 2012; von Mühlen & Tan, 1995). The 

specificities of ANA in individuals without autoimmune disease are unknown, making it difficult to 

evaluate mechanisms for these responses (Pisetsky, 2012).  Autoantibodies may appear in the serum 

months, years or even decades before the outbreak of clinical symptoms of an autoimmune disease. 

For example, patients showing positive anti-dsDNA antibodies are likely to develop SLE after some 

years and patients that have Raynaud’s syndrome and have antibodies against CENP-B or Scl-70 are 

likely to later develop SSc in its limited or diffuse form (González-Buitrago, 2006; Wiik, 2005). These 

autoantibodies have diagnostic and prognostic significance, and are also sometimes associated with 

or directly linked to certain clinical manifestations and subsets of the disease, for example antibodies 

against dsDNA in SLE (Ippolito et al., 2011; Pisetsky, 2012). 

1.3.1 Anti-dsDNA antibodies 

Anti-dsDNA antibodies are antibodies that are directed specifically at double stranded DNA 

(Kavanaugh et al., 2000). 

 Anti-dsDNA antibodies are specific for SLE and show a marked variation in expression over time, 

with level frequently related to degree of nephritis (Egner, 2000; Pisetsky, 2012; Rahman & Isenberg, 

2008). They are found in up to 70% of patients with SLE but only in 0,5% of  individuals without 

autoimmune disease or patients with other autoimmune diseases (Egner, 2000; Rahman & Isenberg, 

2008). 

After treatment, in early disease or when the patient is in clinical remission, anti-dsDNA antibodies 

can be negative, meaning not all patients with SLE are seropositive at all times (Egner, 2000). 

1.3.2 Anti-RNP antibodies 

RNP is an RNA protein and the antibodies are directed at an RNA-protein complex called snRNP 

(Pisetsky, 2012).  

Anti-RNP antibodies are associated with SLE and MCTD (Habets et al., 1983; Ippolito et al., 2011; 

Tan, 1980; von Mühlen & Tan, 1995) but can also be found in patients with some other systemic 

rheumatic diseases (Benito-Garcia et al., 2004). They are found in 75-90% of patients with MCTD and 

in 30-40% of patients with SLE and are thought to be found in patients with less severe disease (Tani 

et al., 2014; von Mühlen & Tan, 1995).  

1.3.3 Anti-Sm antibodies 

Anti-Sm antibodies are similar to anti-RNP antibodies and are also directed at snRNP that is an RNA-

protein complex (Pisetsky, 2012). 

Anti-Sm antibodies are specific to patients with SLE and are found in approximately 10-30 % of 

patients (Rahman & Isenberg, 2008; Tan & Kunkel, 1966). Anti-Sm antibodies are stable throughout 



23 

the disease and are therefore not linked to clinical manifestation (Pisetsky, 2012). Anti-Sm antibodies 

are almost never found in individuals without autoimmune disease (Kurien & Scofield, 2006). 

1.3.4 Anti-SSA/Ro antibodies and anti-SSB/La antibodies 

Anti-SSA/Ro antibodies target two different proteins coded by different cDNAs, recognizing proteins of 

60 kDa and 52 kDa (Pollock & Toh, 1999; Schulter-Pelkum et al., 2009; von Mühlen & Tan, 1995). 

SSB/La is an RNA-protein and it appears to function as a termination factor for polymerase III 

transcription (von Mühlen & Tan, 1995). 

Antibodies to SSA/Ro and SSB/La are specific for SS but are also found in SLE and RA (Blomberg 

et al., 2000; Pisetsky, 2012; Schulter-Pelkum et al., 2009).  

Anti-SSA/Ro antibodies are found in approximately 30-60% of patients with pSS, approximately 30-

40% of patient with SLE and approximately 3-15% of patients with RA. Anti-SSB/La antibodies are 

found in approximately 5-50% of patients with pSS and 15-20% of patients with SLE (Cavazzana et 

al., 2006; Goëb et al., 2007; Rahman & Isenberg, 2008). 

The presence of anti-SSA/Ro antibodies can cause fetal heart block in 1-2% of pregnant SLE 

patients (Damoiseaux & Cohen Tervaert, 2006; Rahman & Isenberg, 2008). 

Anti-SSB/La antibodies are often seen with anti-SSA/Ro antibodies or in about 50% of patients 

(Goëb et al., 2007; Hardin, 1986). 

1.3.5 Anti-Scl-70 antibodies 

Anti-Scl-70 antibodies are antibodies that bind to DNA-topoisomerase I (Ho & Reveille, 2003; von 

Mühlen & Tan, 1995). 

They are specific for SSc but the presence of anti-Scl-70 predicts a more severe course of the 

disease (Damoiseaux & Cohen Tervaert, 2006; von Mühlen & Tan, 1995). 

Anti-Scl-70 antibodies are found in 10-40% of patients with SSc (Mahler et al., 2010). 

1.3.6 Anti-centromere antibodies 

Anti-centromere antibodies recognize three centromere proteins (CENP) identified as autoantigens 

located at the kinetochore plates, which are called CENP-A, CENP-B and CENP-C (Salliot et al., 

2007). Anti-CENP-B antibodies are thought to be present in all anti-centromere antibody positive 

samples (Earnshaw et al., 1986). 

Anti-centromere antibodies have been associated with SSc, mostly with limited SSc (Akbarali et al., 

2006; Peene et al., 2001). They are found in approximately 10-50% of patients with limited SSc (Wiik, 

2005). 

1.3.7 Anti-Jo-1 antibodies 

Antibodies directed at Jo-1 are directed at aminoacyl tRNA synthetases (Wiik, 2005).  
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Anti-Jo-1 antibodies have been associated with PM and DM, particularly patients that develop 

interstitial lung disease (Peene et al., 2001; Wiik, 2005). They are found in approximately 24-30% of 

patients with PM/DM (Mahler & Fritzler, 2010). 

1.3.8 Anti-DFS70 antibodies 

Anti-DFS70 antibodies are also known as a lens epithelium-derived growth factor (Watanabe et al., 

2004).  

Anti-DFS70 antibodies are found in approximately 30% of healthy individuals and have also been 

found in patients with cancer and a variety of inflammatory conditions (Ganapathy & Casiano, 2004; 

Mahler et al., 2011).  Anti-DFS70 antibodies are more common in young people under the age of 35 

(Watanabe et al., 2004). Anti-DFS70 antibodies are almost never found in patients with systemic 

autoimmune rheumatic disease (Ganapathy & Casiano, 2004; Mahler et al., 2011). 

1.4 Anti-nuclear antibody test 

The recommended and most common method used for the detection of anti-nuclear antibodies is 

indirect immunofluorescence (IIF) (Egner, 2000; Friou, 1967; Peene et al., 2001; Rigon et al., 2007). 

The IIF test is highly sensitive with good specificity, is easy to perform and economical (Tozzoli et al., 

2002).  

The IIF staining reveals different patterns and titers. Patterns that are seen provide information that 

can be used along with knowledge of which autoantigens exist in each particular cell structure, to help 

determine which antigen specificities to look for (Damoiseaux & Cohen Tervaert, 2006; Friou, 1967; 

Kavanaugh et al., 2000; Wiik, 2005). IIF enables the detection of a wide range of autoantibodies and it 

is highly sensitive, therefore it is generally used as a primary screening test for ANA. The presence of 

the antibody is verified by using a more specific test, for example ELISA and another test to identify 

anti-dsDNA antibodies (Cabiedes & Núnez-Álvarez, 2010; Peene et al., 2001; Solomon et al., 2002; 

von Mühlen & Tan, 1995). An ELISA can determine specific anti-ENA antibodies, including RNP, Sm, 

SSA/Ro, SSB/La, CENP-B, Scl-70 and Jo-1 (Damoiseaux & Cohen Tervaert, 2006). 

Results of the test should be reported as positive or negative, and if positive a titer and pattern 

should be included (Damoiseaux & Cohen Tervaert, 2006; Kavanaugh et al., 2000). The results 

should always be considered carefully in the context of the clinical picture of the patient. If the clinical 

history and physical examination reveal symptoms or signs suggesting autoimmune disease, a 

positive ANA screen test helps with the diagnosis (Bayer et al., 1999; Kavanaugh et al., 2000; Rigon 

et al., 2007; von Mühlen & Tan, 1995). Some autoimmune diseases have similar clinical 

manifestations, therefore the result from an ANA screen test may play a crucial role in reaching the 

correct diagnosis (Rigon et al., 2007).   

In the late 1950s, the first tests to detect ANA using IIF on animal tissue substrates were 

developed, mostly using cryostat sections of rodent liver or kidney (Azizah et al., 1995; Kavanaugh et 

al., 2000). In the 1970s, the cryostat sections of rodent liver or kidney were largely replaced by an 

epithelial cell line derived from a human laryngeal carcinoma, a HEp-2 cell, which has now become 
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the standard substrate for ANA screen testing. The HEp-2 substrate provides an advantage in 

enabling detection of certain autoantibodies that are not or hardly detected when using rodent tissue 

as the substrate (Azizah et al., 1995; Kavanaugh et al., 2000; Sack et al., 2009). Lately, some 

laboratories have started to use an HEp-2000 cell line as the substrate instead of an HEp-2 cell line. 

An HEp-2000 cell line is a modified HEp-2 cell line where the expression of particular antigen, 

SSA/Ro60, has been increased by transfecting the HEp-2 cell line with SSA/Ro60 (Kurien & Scofield, 

2006; Pollock & Toh, 1999; Sack et al., 2009; Schulter-Pelkum et al., 2009). The improvement in 

substrates for ANA screen test in recent decades has strongly reduced the number of samples that 

are negative in ANA screen test but positive in ENA screen test and ENA profile (Damoiseaux & 

Cohen Tervaert, 2006). 

A test for ANA is an important tool in the diagnosis of systemic rheumatic diseases such as SLE, 

PM, DM, SS, MCTD and other overlapping syndromes (Bayer et al., 1999). 

1.4.1 Indirect immunofluorescence (IIF) 

Indirect immunofluorescence, as previously stated, is the 

most common technique used for ANA screening (Egner, 

2000; Friou, 1967; Peene et al., 2001; Rigon et al., 2007). It 

is a two-step technique. A primary unlabeled antibody, in this 

case an autoantibody, from patient serum binds to the target 

antigen. A fluorophorel-labeled second antibody is used to 

detect the first antibody, as shown in figure 2 (Odelll & Cook, 

2013). 

1.4.1.1  HEp-2000 cells 

HEp-2000 cells are HEp-2 cells that have been transfected 

with human 60 kDa SSA/Ro protein to over express 

SSA/Ro60. The only difference between HEp-2000 cells and HEp-2 cells is this overexpression of 

anti-SSA/Ro60 antibodies (Kurien & Scofield, 2006; Pollock & Toh, 1999). 

Anti-SSA/Ro antibody positive serum on HEp-2000 cells show a characteristic pattern that is a 

distinct bright speckled pattern, where 10-20% of the interphase nuclei have an outstanding nucleolar 

staining. (Beeck et al., 2011). 

HEp-2 cells have some advantage over rodent tissue, for example easy visualization of all cell 

structures and the capacity to express antigens present in all phases of the cell cycle. They do, 

however, have a problem expressing antibodies against SSA/Ro and Jo-1, and commonly give false 

negative results (Tozzoli et al., 2002; Wiik, 2005). Many laboratories have replaced HEp-2 cell lines 

with HEp-2000 cell lines to solve the expression of antibodies against SSA/Ro (Kurien & Scofield, 

2006; Pollock & Toh, 1999; Sack et al., 2009). HEp-2 cells are more sensitive than rodent tissue and 

therefore produce more positives ANA screen test results (Egner, 2000).  

Figure 2 The indirect 
immunofluorescence 
method 
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1.4.1.2 Rodent tissue 

Rodent tissue was the most common substrate for ANA screen test for many years, but in the past 

four decades it has been replaced by HEp-2 cells and later on also HEp-2000 cells (Bradwell et al., 

1995; Pollock & Toh, 1999).   

Liver, kidney, stomach and esophagus from rat are used as substrate for ANA screen testing at the 

Department of Immunology, Landspítali - The National University Hospital of Iceland. 

When using cryocut composite sections of rodent liver, kidney and stomach tissue it’s possible to 

detect presence of anti-mitochondrial antibodies (AMA), anti-smooth muscle antibodies (SMA) and 

anti-parietal cell antibodies (APCA) (Azizah et al., 1995; Friou, 1967).  

1.4.2 ANA titer 

Different laboratories use different initial titers for a positive result when using the ANA screen test with 

IIF, but the substrate has a major impact on the titer chosen. When rodent tissue is the substrate, the 

cut-off titer for ANA screen test is usually at 1:20 or 1:40 or higher, while when HEp-2 cells are the 

substrate, the cut-off titer is usually at 1:80 or higher. The titer directly corresponds to antibody 

concentration in the patient serum (Kumar et al., 2009). 

Generally, higher titers are more likely to be related to disease and low titers may even be present 

in individuals without autoimmune disease, especially pregnant women, women over 40 years of age 

and elderly people (Damoiseaux & Cohen Tervaert, 2006; Egner, 2000; Kavanaugh et al., 2000; 

Tozzoli et al., 2002). 

The manual for the HEp-2000 cell substrate used in this study recommends an initial titer at 1:40 

but every laboratory should adjust the titer (Immuno Concepts, 2011; Kavanaugh et al., 2000). 

At the Department of Immunology, Landspitali - The National University Hospital of Iceland, the 

initial titer for the ANA screen test on rodent tissue is 1:40. A sample is considered positive for ANA if it 

exhibits a characteristic ANA staining pattern at titer 1:40, if not it is considered negative. A weak 

positive reaction at titer 1:40 is reported as (+), and no further titers are made. A positive reaction at 

titer 1:40 is reported as +, and titer 1:100 and 1:300 are performed, to get a final titer.  

1.4.3 ANA pattern 

ANA staining patterns include both nuclear and cytoplasmic pattern. Up to 30 different patterns have 

been described, but some of them are very rare (Damoiseaux & Cohen Tervaert, 2006). Primary 

attention is directed at nuclear patterns, but cytoplasmic patterns should also be considered (Sack et 

al., 2009). There are six patterns that are most common, these are the homogeneous (diffuse) pattern, 

peripheral pattern, speckled pattern, nucleolar pattern, centromere pattern and cytoplasmic pattern 

(von Mühlen & Tan, 1995). Mixed patterns are also common and individual patterns should have their 

own titer (Sack et al., 2009).  

The clinical relevance of ANA patterns is considered to be limited and is not specific or diagnostic 

for any autoantibodies or disease. However, some patterns are more disease-specific than others, as 
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Figure 4 Diffuse pattern on HEp-2000 cells 

50x in UV microscope 

Figure 5 Peripheral pattern on HEp-2000 cells 

50x in UV microscope 

shown in figure 3, for example, the centromere pattern (Damoiseaux & Cohen Tervaert, 2006; von 

Mühlen & Tan, 1995). 

 

A homogeneous (diffuse) pattern is a diffuse 

staining of the interphase nuclei and staining of 

the chromatin in metaphase, as shown in figure 

4 (Cabiedes & Núnez-Álvarez, 2010; Rigon et 

al., 2007; Sack et al., 2009). It has been 

connected to antibodies against dsDNA, 

histons and nucleosomes (Kang et al., 2004; 

Sack et al., 2009; von Mühlen & Tan, 1995).   

A peripheral (rim) pattern is a solid staining, 

primarily around the nucleus, with less staining 

towards the center of the nucleus, as shown in  

figure 5 (Cabiedes & Núnez-Álvarez, 2010; 

Rigon et al., 2007). It has been connected to 

antibodies against dsDNA in organ tissue, but 

in organ tissue most of the chromatin is inactive 

and located in the nuclear periphery. In tissue 

culture cell lines, the chromatin is highly active 

and not located in the nuclear periphery. This 

pattern is also connected to antibodies against 

proteins that are an integral part of the nuclear 

Figure 3 Pattern, autoantibody and possible disease 

Different ANA pattern can be seen in the IIF depending on the existing autoantibody. They can 

be related to certain autoimmune diseases.  
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Figure 7 SSA pattern on HEp-2000 cells 

50x in UV microscope 

membrane, for example lamins (von Mühlen & 

Tan, 1995).  

Speckled patterns can be both fine or 

coarse granular nuclear staining of the 

interphase nuclei and negative metaphase 

chromatin, as shown in figure 6 (Rigon et al., 

2007; Sack et al., 2009). Coarse speckled 

staining has been connected to antibodies 

against Sm and RNP while fine speckled 

staining has been connected to antibodies 

against SSA/Ro and SSB/La (Sack et al., 2009; 

Tozzoli et al., 2002; von Mühlen & Tan, 1995). 

A dense fine speckled pattern is unique pattern 

for antibodies against DFS70 (Mahler et al., 

2011). On HEp-2000 cells antibodies against 

SSA/Ro have a specific pattern that is not only 

bright speckled, but 10-20% of the interphase 

nuclei have an outstanding nucleolar staining, 

as shown in figure 7 (Beeck et al., 2011).  

A nucleolar pattern is large coarse speckled 

staining within the nucleus. There are less than 

six in each cell, as shown in figure 8 (Rigon et 

al., 2007; von Mühlen & Tan, 1995). It has 

been connected to antibodies against Scl-70 

and PM-Scl (Sack et al., 2009; Tozzoli et al., 

2002; von Mühlen & Tan, 1995). 

A centromere pattern consists of dots in the 

nucleoplasm of interphase cells and mitosis 

chromatin, as shown in figure 9 (Cabiedes & 

Núnez-Álvarez, 2010; Sack et al., 2009). It has 

been connected to antibodies against the 

kinetochore also called CENP-A, CENP-B and 

CENP-C (Sack et al., 2009; Tozzoli et al., 

2002; von Mühlen & Tan, 1995).  

A cytoplasmic pattern can take many 

different forms within the cytoplasm (von 

Mühlen & Tan, 1995). Cytoplasmic pattern are 

for example an homogeneous pattern with 

positive nucleoli that is connected to Rib-P, a 

Figure 6 Speckled pattern on HEp-2000 cells 

50x in UV microscope 

Figure 8 Nucleolar pattern on HEp-2000 cells 

50x in UV microscope 
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granular pattern that is fine to intermediate  

which has been connected to Jo-1, a 

mitochondrial pattern that is a fine-stitched 

cytoplasmic pattern connected to AMA, and a 

cytoskeletal pattern that is connected to actin 

(Sack et al., 2009). 

1.4.4 Extractable nuclear antigens 

(ENA) 

If sample is positive in the ANA screen test by 

IIF an ENA screen test is performed. The ENA 

test screens for the most common anti-ENA 

antibodies, which they are RNP, Sm, SSA/Ro, SSB/La, Scl-70, CENP-B and Jo-1 (Damoiseaux & 

Cohen Tervaert, 2006). 

Anti-ENA antibodies are ANA specificities that do not recognize DNA or histones and that react to 

antigens present in nucleoli and cytoplasm (González et al., 2010). ENA screening tests and profiles 

can be done using enzyme-linked immunosorbent assay, line-blots or flow cytometry (Damoiseaux & 

Cohen Tervaert, 2006). At the Department of Immunology, Landspitali - The National University 

Hospital, an ELISA is used to detect anti-ENA antibodies and FEIA to detect anti-dsDNA antibodies. If 

the ENA screen test is positive, an ENA profile test is done to detect the specific anti- ENA antibody 

and a FEIA to detect anti-dsDNA antibodies. The ENA screen test (Thermo Fisher Scientific, Freiburg, 

Germany) and ENA profile (Thermo Fisher Scientific, Freiburg, Germany) are used to test for 

antibodies against dsDNA, RNP (70, A, C), Sm (D), SSA/Ro (52kDA, 69kDA), SSB/La, Scl-70, CENP-

B and Jo-1. The wells of the microplate are coated with human recombinant nuclear antigens, 

synthetic peptides (SmD) or plasmid DNA.  

1.4.4.1 ELISA 

The enzyme-linked immunosorbent assay (ELISA) is built on the concept of an antigen binding to a 

specific antibody. A 96-well microtiter plate is coated with antigens. Serum from the patient is added to 

the wells. If the correct antigen-specific antibodies are present in the serum, they bind to the antigen. 

Non-antigen binding antibodies are washed off the plate and a secondary antibody, conjugated with 

an enzyme, is then added. Excess secondary antibody is subsequently washed off the plate. A 

substrate for the enzyme is added and the enzyme reacts with the substrate to produce a color. The 

intensity of the color correlates with the level of antigens/antibody complexes present (Gan & Patel, 

2013). 

1.4.5 FEIA  

EliA is a fluorescence enzyme immunoassay (FEIA) that is a fully automated assay. The dsDNA (EliA) 

test is principally similar to an ELISA. Antigens are coated to the solid phase and binds specific 

antibodies in patient samples. Non-antigen binding antibodies are removed by a stringent washing 

Figure 9 Centromere pattern on HEp-2000 cells 

50x in UV microscope 
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buffer. Enzymes labeled antibodies against the target antibody are added to form a complex. Unbound 

enzyme-labelled antibodies are washed away and the bound complex is incubated with a developing 

agent. After the reaction has been stopped, the fluorescence of the eluate is measured.  This assay 

detects anti-dsDNA antibodies with higher avidity than those detected by ELISA but the higher the 

fluorescence, the more specific antibodies are present in the sample. Samples higher than 15 IU/ml 

are considered positive. At the Department of Immunology, Landspitali- The National University 

Hospital of Iceland, FEIA is performed on the Immuno CAP 250 system (Thermo Fisher Scientific, 

Freiburg, Germany) (Antico et al., 2010; Haugbro et al., 2004).  

1.5 Previous study 

A previous study has been performed on 195 samples from the Department of Immunology, 

Landspitali- The National University Hospital of Iceland. The cohort was from the years 2008-2010 and 

was chosen based on ANA screen test result on rodent tissue and ENA test results. On rodent tissue, 

40 samples were negative and 155 samples positive, and when these samples were tested on HEp-

2000 cells, 17 samples were negative and 178 samples positive. All samples had ENA screen test 

results and medical history (Jacobsen, 2013). 

 There was a significant positive correlation between ANA patterns on rodent tissue and HEp-2000 

cells as substrate (p= 0.0001). The most common pattern on rodent tissue was speckled (45.2%) and 

on HEp-2000 cells, it was diffuse (43.8%). An SSA/Ro pattern, a unique pattern on HEp-2000 cells, 

was only seen in 52.6 % (10/19) of samples with a positive ENA profile for SSA/Ro antibodies. A 

diffuse pattern was most commonly seen associated with antibodies against dsDNA on both rodent 

tissue and HEp-2000 cells. A speckled pattern was most commonly seen associated with antibodies 

against RNP and SSA/Ro on rodent tissue and RNP on HEp-2000 cells. Mixed patterns where 

speckled was one of the patterns, were most commonly associated with SSA/Ro on HEp-2000 cells. 

 A significant positive correlation was seen between ANA titers on rodent tissue and HEp-2000 cells 

(p= <0.0001). 

 The study showed that the ANA screen test is a good screen test for autoimmune disease.  The 

ANA screen test was positive in 96.6% (28/29) of patients with SLE on rodent tissue and 93.1% 

(27/29) of patients with SLE on HEp-2000 cells. Only 34.5% (10/29) of patients had a positive ENA 

profile test. All patients with SS had positive ANA screen tests on both rodent tissue and HEp-2000 

cells, but only 83.3% (5/6) of patients had a positive ENA profile test.   
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2 Objectives 

The main aims of this study were: 

I. Evaluate the effectiveness of two different ANA screening methods in normal clinical 

settings. 

a. Comparing laboratory outcome of HEp-2000 cells vs. rodent tissue ANA screening 

methodology, including subsequent ENA outcome. 

b. Evaluate the importance of ANA pattern recognition in the clinical laboratory settings. 

II. Evalute the correlation of the above ANA/ENA outcome to ACR criteria proven systemic 

autoimmune diseases from a Rheumatology and/or Immunology University hospital clinic. 

III. Evaluate the correlation of specific clinical findings associated with systemic autoimmune 

diseases to ANA outcome.  
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3 Materials and methods 

3.1 Choice of cohort 

Two different cohorts are used, both from the Department of Immunology, Landspitali - The National 

University Hospital of Iceland.  

The first one will be called cohort A, is all patient samples that arrived to the Department of 

Immunology in September 2013 on which ANA screen tests were requested for, in total 300 samples. 

The cohort consists of samples from both hospitals and clinics. Most samples were from hospitals or 

45% (135/300), 20.3% (61/300) were from primary health care clinics and 34.7% (104/300) from 

private clinics. The individuals range from three years of age to 89 years of age. The median age is 48 

years. In this cohort, 73.3% (220/300) are female and 26.7% (80/300) are male, as shown in table 1.  

 

 

 

 

 

 

 

     

 The second cohort will be called cohort B, is 195 samples that arrived to the Department of 

Immunology between October 2008 and December 2010. They are all from the outpatient clinic of 

Departments of Rheumatology and Immunology. The cohort is chosen from ANA screen test results 

on rodent tissue and ENA screen test results.  The individuals range from 18 to 88 years of age. The 

median age is 48 years, as shown in table 2.  

 

 

 

 

    

 

    

3.2 ANA screen test 

The 300 samples from cohort A were treated in the same way as all samples arriving at the 

Department of Immunology on which ANA screen test is requested. All samples already had ANA 

screen test result on rodent tissue from the normal routine, and some samples had ENA screen test, 

Table 1 Age and proportion of cohort A 

 
Cohort A 

Number of individuals 300 

Proportion of female 73.3% 

Median age in years 48 (3-89) 

Table 2 Age and proportion of cohort B 

 Cohort B 

Number of individuals 195 

Proportion of female 83.6% 

Median age in years 48 (18-88) 
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ENA profile and dsDNA (EliA) result. Only samples testing positive on an ANA screen test, either on 

rodent tissue or HEp-2000 cells, are then subjected to an ENA screen test, ENA profile test and 

dsDNA (EliA) if necessary. Therefore, ENA screen test and in some cases ENA profile was done on all 

samples that were negative on rodent tissue and positive on HEp-2000 cells. Some samples were 

repeated on rodent tissue for confirmation. Samples negative in ANA screen test on both rodent tissue 

and HEp-2000 cells do not have ENA screen test results, unless it was requested specially.  

All the 195 samples from the cohort B have ANA screen test result on both rodent tissue and HEp-

2000 cells and ENA screen test results regardless of ANA screen test results.  

3.2.1 HEp-2000 cells 

HEp-2000® FLUORESCENT ANA-Ro TEST SYSTEM (Immuno Concepts, Sacromento, CA, USA) 

was used (Immuno Concepts, 2011).  

1. RECONSTITUTE BUFFER (PBS)  

Dissolve contents of one buffer pouch in one liter of deionized or distilled water.  

2. DILUTE PATIENT SAMPLES 

Screening: Dilute patient samples to 1:40. 

10 μl patient serum + 390 μl PBS. 

Dilutions of positive samples. 

Dilution 1:100. 

10 μl patient serum + 990 μl PBS. 

Dilution 1:300. 

 40 μl from 1:100 dilution + 80 μl PBS. 

3. PREPARE SUBSTRATE SLIDES (25 µl/well) 

Wells on slides are marked from 1-14. 

One drop of control, positive and negative or 25 μl of patient samples is put in each well. 

The drop is visible on the well. 

4. INCUBATE SLIDES (30 ± 5 minutes at room temperature, i.e. 18-24°C)  

Place slide(s) into a moist covered chamber.  

Incubate, with lid in place, for 30 minutes (± 5 minutes) at room temperature (18-24°C).  

5. PBS RINSE 

Remove slide(s) from incubator tray and rinse briefly with PBS using a squirt bottle, Pasteur, or 

serological pipette. Do not squirt buffer directly on the wells.  

Note: To avoid cross contamination on slides, direct PBS stream along midline of slide, tilting first 

toward rows 1-7 followed by tilting toward wells 8-14.  

6. PBS WASH (10 minutes) 

Wash slide(s) for 10 minutes with PBS in a slide staining dish or Coplin jar.  
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Change the PBS after 5 minutes by pouring from staining dish or Coplin jar and discard, put new 

PBS in.    

This wash may be extended by10-30 minutes with no variability in final test results. Discard PBS 

wash solution after use.  

7. FLUORESCENT ANTIBODY REAGENT (Cover the wells with 12-14 drops) 

Remove one slide at a time from the PBS and dip 3-5 times in deionized or distilled water. Tap 

slide on its side against bibulous paper or paper toweling to remove excess water. Immediately 

return slide to the incubation chamber and cover the wells completely using fluorescent antibody 

reagent; begin by placing a drop over each well. Repeat for each slide. Fluorescent antibody 

reagent has been titered to compensate for residual deionized or distilled water remaining on the 

slide after rinsing.  

Note: It is important that slide wells do not dry during this procedure or damage to the substrate 

may occur. Do not blot or dry the slides in any manner or allow slide to sit without fluorescent 

antibody reagent for longer than 15 seconds. 

8. INCUBATE SLIDES (30 ± 5 minutes at room temperature, i.e. 18-24°C)  

Place lid on the incubation chamber and cover with a paper towel to prevent exposure to light if the 

chamber is not opaque. Allow slide(s) to incubate for 30 minutes (± 5 minutes) at room temperature 

(18-24°C).  

9. PBS RINSE 

Remove slide(s) from incubator tray and rinse briefly with PBS. Do not squirt buffer directly on the 

wells.  

10. PBS WASH (10 minutes) 

Wash slide(s) 10 minutes with PBS in a slide staining dish or Coplin jar.  

Change the PBS after 5 minutes by pouring from staining dish or Coplin jar and discard, put new 

PBS in.    

This wash may be extended by 10-30 minutes with no variability in final test results when counter 

stain is not used. 

11. MOUNT COVERSLIP 

Remove one slide at a time from PBS and dip 3-5 times in deionized or distilled water. Tap slide on 

its side against bibulous paper or paper towelling to remove excess water.  

Do not blot or dry the slides in any manner or allow slide to sit without fluorescent antibody reagent 

for longer than 15 seconds. 

Add 4-5 drops of semi-permanent mounting medium along midline of each slide. Carefully place 

coverslip in position, avoiding air pockets, by gently lowering coverslip from one end of the slide to 

the other.  Seal with nail-polish. 

Note: Excess mounting medium on the slide may result in high background fluorescence, due to 

light scattering, or lack of clear resolution of cells (blurred image). Excess mounting medium may 
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be removed from the slide by gently blotting coverslip with bibulous or lens paper while avoiding 

any direct movement of the coverslip. 

12. Slides examined at 50x in UV microscope (Leitz, Laborlux D). 

3.2.2 Rodent tissue 

Preparation: Fold together in a block: liver, kidney and stomach with esophagus. All tissues are from 

male rat obtained from Keldur. The tissues are cut into small cubes and frozen in liquid nitrogen and 

iso-pentane, then stored in a -80°C freezer. The tissues are placed in O.C.T compound to form a 

block, cut in a cryostat into 3-6 μm slices and put onto slides. The slides are fixed in a cold fan for one 

and a half to two hours. The slides are arranged in a storage box with blue gel and stored in a -20°C 

freezer. Slides are dried in a cold fan for approximately 15 minutes before use.  

1. RECONSTITUTE BUFFER (PBS)  

10 liter 

KH2PO4   24.4g 

Na2HPO4 anhydrite  80.76g 

NaCl   72.00g 

H2O   Up to 10 liters 

Titred to pH 7.4 with 1M NaOH/1M HCl. 

2. DILUTE PATIENT SAMPLES 

Screening: Dilute patient samples to 1:40. 

10 μl patient serum + 390 μl PBS. 

Dilutions of positive samples. 

Dilution 1:100. 

10 μl patient serum + 990 μl PBS. 

Dilution 1:300. 

 40 μl from 1:100 dilution + 80 μl PBS. 

3. PREPARE SUBSTRATE SLIDES  

Two samples on each slide. 

50 μl of control or patients sample is put on the slides, distributed with a pipette tip. 

Cover the tissue section completely. 

4. INCUBATE SLIDES (30 ± 5 minutes at room temperature, i.e. 18-24°C)  

Place slide(s) into a moist covered chamber. 

Incubate, with lid in place, for 30 minutes (± 5 minutes) at room temperature (18-24°C). 

5. PBS WASH (30 minutes) 

Tap slide on its side against bibulous paper or paper toweling to remove fluid. 

Wash slide(s) for 30 minutes with PBS in a slide staining dish or Coplin jar.  
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Change the PBS after 15 minutes by pouring from staining dish or Coplin jar and discard, put new 

PBS in.    

This wash may be extended by 10-30 minutes with no variability in final test results. Discard PBS 

wash solution after use.  

6. FLUORESCENT ANTIBODY REAGENT (Dako, Glostrup, Denmark) 

Tap slide on its side against bibulous paper or paper toweling to remove excess water and wipe 

between samples. 

Immediately return slide to the incubation chamber. 

 50μl of fluorescent antibody reagent is put on each sample.  

Fluorescent antibody (polyclonal Rabbit Anti-human IgA, IgG, IgM, Kappa, Lambda/FITC) is 

diluted 1:100. 

Repeat for each slide.  

Note: It is important that slides do not dry during this procedure or damage to the substrate may 

occur. Do not blot or dry the slides in any manner or allow slides to sit without fluorescent antibody 

reagent for longer than 15 seconds. 

7. INCUBATE SLIDES (30 ± 5 minutes at room temperature, i.e. 18-24°C)  

Place lid on the incubation chamber.  

Allow slide(s) to incubate for 30 minutes (± 5 minutes) at room temperature  

(18-24°C). 

8. PBS WASH (30 minutes) 

Wash slide(s) for 30 minutes with PBS in a slide staining dish or Coplin jar.  

Change the PBS after 15 minutes by pouring from staining dish or Coplin jar and discard, put new 

PBS in.    

This wash may be extended by 10-30 minutes with no variability in final test results when counter 

stain is not used. 

9. MOUNT COVERSLIP 

Remove one slide at a time from PBS  

Tap slide on its side against bibulous paper or paper towelling to remove excess water and wipe 

between samples. 

Put one drop of Glycerol buffer on each sample. 

 20g DABCO + 1L Glycerol dissolved at 56°C, and then diluted 1:2 with PBS. 

Carefully place coverslip in position, avoiding air pockets, by gently lowering coverslip from one 

end of the slide to the other.  

Seal with nail-polish. 

10. Slides examined at 50x in UV microscope (Leitz, Laborlux D). 
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3.3 ENA test 

3.3.1 ENA screen test and ENA profile test 

The ENA screen test and ENA profile test are performed almost exactly the same way. The only 

difference is that in the ENA profile test, the wells are washed once before use (see step three), but in 

the ENA screen test, step three is omitted.  

Assay procedure (Thermo Fisher Scientific, Freiburg, Germany). 

1. Dilute serum/plasma (1:101). 

2. Remove strips from pouch and placed firmly into strip holder. 

3. For the ENA screen test wash wells once with wash buffer immediately prior to use. Fill wells 

with 300μl Wash buffer, soak for 20 seconds in the wells and remove. 

4. Dispense 100 μl of calibrator, negative control and diluted patient samples into appropriate 

wells. 

5. Incubate for 30 minutes. 

6. Aspirate fluid from wells and wash wells 3 times with wash buffer. 

7. Dispense 100 μl conjugate into all wells. 

8. Incubate for 30 minutes. 

9. Aspirate fluid from wells and wash wells 3 times with wash buffer. 

10. Dispense 100 μl of substrate TMB into all wells. 

11. Incubate for 10 minutes in the dark. 

12. Dispense 50 μl of stop solution into all wells. 

13. Read absorbance (OD) at 450 nm, max 30 minutes after adding the Stop Solution. 

14. Ratio is calculated: 

Ratio = OD Patient sample/OD Cut off* 

*OD Cut off = ODCalibrator x factor 

The factor value for the calibrator is taken from the control certificate included with the ki.t 

Table 3 ENA screen test and ENA profile result 

Assessment Qualitative Evaluation 

Negative Ratio < 1.0 

Equivocal Ratio 1.0-1.4 

Positive Ratio >1.4 

 

3.4 Further work on the cohort B 

Cohort B, a cohort of 195 chosen samples is from previous study performed by Dagrún Inga 

Þorsteinsdóttir in year 2011, and myself in year 2013 (Jacobsen, 2013; Þorsteinsdóttir, 2011).  
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Results were compared to existing diagnosis, depending on positive ANA screen test, ENA screen 

test, ENA profile and dsDNA test. Sensitivity, specificity, positive and negative predictive values were 

calculated for both rodent tissue and HEp-2000 cells. 

Specific symptoms were compared to ANA screen test results. These symptoms are sensitivity to 

sunlight, hair loss, arthralgia, arthritis in big joints, arthritis in small joints, spine (back pain), morning 

stiffness, enthesitis, myalgia, dry symptoms, swallowing problems, Raynaud’s, serositis, thrombosis, 

smoking  and family history of autoimmune diseases 

3.5 Statistics analyses 

GraphPad® version 5 software and excel were used for all analyses. Differences were determined to 

be significant when p = <0.05.  

Sensitivity, specificity, positive and negative predictive value for ANA screen test was determined 

using conventional methods as following: 

 

            
             

                            
 

 

            
             

                            
 

 

                          
             

                             
 

 

                          
             

                              
 

3.6 NBC/DPA 

This study was conducted with the permission of the National Bioethics committee (NBC) –No. 

VSNb2010110028/03.11 and Icelandic Data Protection Authority – No. 2010/1064 and 2013/11173. 
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4 Results 

4.1 Comparison  

Comparison of cohort A on rodent tissue and HEp-2000 cells as substrate and their ENA screen test 

and ENA profile results. 

4.1.1 ENA screening of ANA negative samples 

We first evaluated how many of the study cohort A, had a negative outcome with the two ANA 

methodologies. As shown in table 4, 65.3% (196/300) were negative on rodent tissue as substrate 

compared to 34.3 % (103/300) on HEp-2000 cells for ANA screening (p= <0.0001). 

Of the samples that were negative on rodent tissue, 61.7% (121/196) had ENA screen test results. 

Six samples were positive in the ENA screen test and three of them had a positive ENA profile. All 

three of these had antibodies against SSA/Ro. Of the samples that were negative on HEp-2000 cells, 

27.2% (28/103) had ENA screen test results. Two samples were positive in the ENA screen test but 

both of them were negative in the ENA profile. There is not a significant difference between the 

number of samples testing positive in the ENA screen test (p=0.7191) or ENA profile (p= 0.4643). 

Table 4 Negative ANA screen test results* 
   

Substrate Rodent tissue Hep-2000 cells P-value** 

Number of samples 196 (65.3%) 103 (34.3%) <0.0001 

ENA screen positive  6 (5%) 2 (6.9%) ns 

Positive profile  3 (50%) Positive profile  0 ns 

ENA screen negative 115 (68.7%) 27 (26.2%)  

*Negative ANA samples on rodent tissue and HEp-2000 cell are compared. Both numbers of 

samples and results from ENA screen test and ENA profile. Percentage of number of samples is 

calculated based on the total cohort A. Percentage of ENA screen tests is calculated based on the 

number of samples with ENA screen test result. Percentage of ENA profiles is calculated based on the 

number of positive ENA screen test samples. 

**Chi-square test and fisher’s exact test, p<0.05. 

4.1.1.1 HEp-2000 cells screening of rodent tissue negative samples 

We next evaluated the correlation of ANA negative sample outcomes between the two methodologies, 

as shown in figure 10. Of the rodent tissue negative samples, 55.1% (108/196) had a positive outcome 

using the HEp-2000 cell line (titer ≥1:40). Of those, only 2.8% (3/108) had a positive ENA specific 

antibody outcome, and all to the SSA/Ro antigen.  

Seventy-three samples were ANA positive at titer 1:40 and one of those had a positive ENA profile 

with antibodies against SSA/Ro. One sample was positive at titer between 1:40 and 1:100, 32 
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samples were positive at titer equal to or greater than 1:100 and less than or equal to 1:300. Of these, 

two samples had a positive ENA profile with antibodies against SSA/Ro. Two samples were positive at 

titer greater than 1:300.  

In 44.9% (88/196) cases samples were ANA negative on both rodent tissue and HEp-2000 cells. 

4.1.1.2 Rodent tissue screening of HEp-2000 cells negative samples 

The distribution outcome of samples that were ANA negative on HEp-2000 cells using the rodent 

tissue methodology was also similarly evaluated. Out of the 103 samples that were negative on HEp-

2000 cells, 14.6% (15/103) were positive on the rodent tissue (titer ≥1:40), as shown in figure 11.  

Thirteen samples were ANA positive at titer 1:40 and two samples were positive at titer equal to or 

greater than 1:100 and less than or equal to 1:300.  

In 85.4% (88/103) cases samples were ANA negative on both HEp-2000 cells and rodent tissue. 

Thus, of the total cohort of samples that were ANA negative using either methodology, only 29.3% 

(88/300) were negative on both assays. 

 

 

Figure 11 

Number of samples is seen on Y axes and 

ANA titer on X axes. Of the 103 samples that 

were negative on Hep-2000 cells, 88 samples 

were negative on rodent tissue and fifteen 

samples positive at different titers. 85.4% 

samples were both negative on HEp-2000 

cells and rodent tissue.   

 

 

Figure 10 

Number of samples is seen on Y axes and 

ANA titer on X axes. Of the 196 samples that 

were negative on rodent tissue, 88 samples were 

negative on HEp-2000 cells and 108 samples 

positive at different titers. 44.9% samples were 

both negative on rodent tissue and HEp-2000 

cells.   
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4.1.2 ENA screening of ANA positive samples at titer 1:40 

We evaluated how many of the study cohort A, had a positive outcome at titer 1:40 with the two ANA 

methodologies. As shown in table 5, 18.6% (56/300) were positive at titer 1:40 on rodent tissue as 

substrate compared to 34.7% (104/300) on HEp-2000 cells for ANA screening (p= <0.0001). 

Of the samples that were positive at titer 1:40 on rodent tissue, eight had a positive ENA screen 

test. Four of these had a positive ENA profile and one had a positive dsDNA (EIiA). Two had 

antibodies against SSA/Ro, one antibody against RNP and one antibody against CENP-B. Of the 

samples that were positive at titer 1:40 on HEp-2000 cells, four had a positive ENA screen test. Two of 

these had a positive ENA profile and one had a positive dsDNA (EIiA). One had antibodies against 

SSA/Ro and the other had antibodies against RNP. One sample had a negative ENA screen test but a 

weak positive ENA profile with antibodies against Scl-70. 

There is a significant difference in the number of samples with a positive ENA screen test 

(p=0.0256) but not a positive ENA profile (p= 1.0). 

Table 5 Positive ANA screen test at titer 1:40*  

Substrate Rodent tissue HEp-2000 cells P-value** 

Number of samples 56 (18.7%) 104 (34.7%) <0.0001 

ENA screen positive 8 (14.3%) 4 (3.8%) 0.0256 

Positive profile  4 (50%) Positive profile 2 (50%) ns 

dsDNA (EliA) 1 (12.5%) dsDNA (EliA) 1 (25%) 

ENA screen negative 48 (85.7%) 100 (96.2%)  

Positive profile 0 Positive profile 1 (1%) 

*Positive ANA screen test samples at titer 1:40 on rodent tissue and HEp-2000 cells are compared. 

Both numbers of samples and results from ENA screen test and ENA profile. Percentage of number of 

samples is calculated based on the total cohort A. Percentage of ENA screen tests is calculated based 

on the number of samples positive at titer 1:40 on each substrate. Percentage of ENA profiles is 

calculated based on the number of positive ENA screen test samples. 

 **Chi-square test and fisher’s exact test, p<0.05.    

4.1.2.1 HEp-2000 cells screening of rodent tissue positive samples at titer 1:40 

We evaluated the correlation of ANA positive sample outcomes at titer 1:40 between the two 

methodologies, as shown in figure 12. 76.8% (43/56) of the rodent tissue positive samples at titer 1:40 

had a positive outcome using HEp-2000 cell (titer ≥1:40). Of those, 11.6% (5/43) had a positive ENA 

specific antibody outcome or dsDNA (EliA). 

Twenty-three samples were ANA positive at titer 1:40 and one of these had a positive ENA profile 

with antibodies against RNP and one had positive dsDNA (EliA). Two samples were positive at titer 

between 1:40 and 1:100. Twelve samples were positive at titer equal to or greater than 1:100 and less 
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than or equal to 1:300. Six samples positive at titer greater than 1:300, three of these had a positive 

ENA profile, two had antibodies against SSA/Ro and one against CENP-B.  

In 41.1% (23/56) cases samples were ANA positive at titer 1:40 on both rodent tissue and HEp-

2000 cells.  

4.1.2.2 Rodent tissue screening of HEp-2000 cells positive samples at titer 1:40 

The distribution outcome of samples that were ANA positive at titer 1:40 on HEp-2000 cells using the 

rodent tissue methodology was also similarly evaluated. Out of the 104 samples that were positive at 

titer 1:40 on HEp-2000 cells, 29.8% (31/104) were positive on rodent tissue (titer ≥1:40), as shown in 

figure 13. Of those 9.7% (3/31) had a positive ENA specific antibody outcome or dsDNA (EliA). Of the 

73 samples that had a positive outcome at titer 1:40 on HEp-2000 cells but were negative using the 

rodent tissue methodology, one sample had a positive ENA profile with antibodies against SSA/Ro. 

Twenty-three samples were positive at titer 1:40, and one of these had a positive ENA profile with 

antibodies against RNP and one had positive dsDNA (EliA). Two samples were positive at titer 

between 1:40 and 1:100, five samples were positive at titer equal to or greater than 1:100 and less 

than or equal to 1:300, one of these had a positive ENA profile with antibodies against Scl-70, and one 

sample was positive at titer greater than 1:300. In 22.1% (23/104) cases samples were ANA positive 

at titer 1:40 on both HEp-2000 cells and rodent tissue. 

Therefore, of the total cohort of samples that were ANA positive at titer 1:40 using either 

methodology, only 7.7% (23/300) were positive at titer 1:40 in both assays.   

 

 

 

 

 

 

 

Figure 13 

Number of samples is seen on Y axes and 

ANA titer on X axes. Of the 104 samples that 

were positive at titer 1:40 on HEp-2000 cells, 

73 samples were negative on rodent tissue 

and 31 samples positive at different titers. 

22.1% samples had titer 1:40 on both HEp-

2000 cells and rodent tissue.   

 

Figure 12 

Number of samples is seen on Y axes and 

ANA titer on X axes. Of the 56 samples that 

were positive at titer 1:40 on rodent tissue, 

thirteen samples were negative on HEp-2000 

cells and 43 samples positive at different titers. 

41.1% samples had titer 1:40 on both rodent 

tissue and HEp-2000 cells.   
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4.1.3 ENA screening of ANA positive samples at titer >1:40<1:100 

We evaluated how many of the study cohort A, had a positive outcome at titer between 1:40 and 1:100 

with the two ANA methodologies. As shown in table 6, 1.3% (4/300) were positive at titer between 

1:40 and 1:100 on rodent tissue as substrate compared to 1.7% (5/300) on HEp-2000 cells for ANA 

screening (p= 1.0). 

Of the samples that were ANA positive at titer between 1:40 and 1:100 on rodent tissue, one had a 

positive ENA screen test but none had a positive ENA profile. The same result was seen with samples 

on HEp-2000 cells. There is no significant difference in number of samples with a positive ENA screen 

test (p=1.0000). 

Table 6 Positive ANA screen test at titer >1:40<1:100*  

Substrate Rodent tissue HEp-2000 cells P-values** 

Number of samples 4 (1.3%) 5 (1.7%) ns 

ENA Screen positive 1 (25%) 1 (16.7%) ns 

Positive profile 0 Positive profile 0  

ENA screen negative  3 (75%) 4 (80%)  

*Positive ANA screen test samples at titer >1:40<1:100 on rodent tissue and HEp-2000 cell are 

compared. Both numbers of samples and results from ENA screen test and ENA profile. Percentage 

of number of samples is calculated based on the total cohort A. Percentages of ENA screen tests are 

calculated based on the number of samples positive at titer >1:40<1:100 on each substrate. 

Percentage of ENA profiles is calculated based on the number of positive ENA screen test samples. 

**Fisher’s exact test, p<0.05.  

4.1.3.1 HEp-2000 cells screening of rodent tissue positive samples at titer 

>1:40<1:100 

We evaluated the correlation of ANA positive sample outcomes at titer between 1:40 and 1:100 

between the two methodologies. As shown in figure 14. 100% (4/4) of the rodent tissue positive 

samples at titer between 1:40 and 1:100 had a positive outcome using the HEp-2000 cells line (titer 

≥1:40. 

Two samples were ANA positive at titer 1:40. One sample was positive at titer between 1:40 and 

1:100 and one sample was positive at titer greater than 1:300.  

In 25% (1/4) cases samples were ANA positive at titer between 1:40 and 1:100 on both rodent 

tissue and HEp-2000 cells.  

4.1.3.2 Rodent tissue screening of HEp-2000 cells positive samples at titer 

>1:40<1:100 

The distribution outcome of samples that were positive at titer between 1:40 and 1:100 on HEp-2000 

cells using the rodent tissue methodology was also similarly evaluated. Out of the five samples that 
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were ANA positive at titer between 1:40 and 1:100 on HEp-2000 cells, 80% (4/5) were positive on the 

rodent tissue (titer ≥1:40), as shown in figure 15. Two samples were positive at titer 1:40. One sample 

was positive at titer between 1:40 and 1:100 and one sample positive at titer greater than 1:300.  

In 20% (1/5) cases samples were ANA positive at titer between 1:40 and 1:100 on both HEp-2000 

cells and rodent tissue. 

Therefore, of the total cohort of samples that were ANA positive at titer between 1:40 and 1:100 

using either methodology, 0.3% (1/300) where positive in both assays. 

 

4.1.4 ENA screening of ANA positive samples at titer ≥1:100≤1:300  

We evaluated how many of the study cohort A, had a positive outcome at titer equal to or greater than 

1:100 and less than or equal to 1:300 with the two ANA methodologies. As shown in table 7,  10.3% 

(31/300) were positive at titer equal to or greater than 1:100 and less than or equal to 1:300 on rodent 

tissue as substrate compared to 21.3 % (64/300) on HEp-2000 cells for ANA screening (p= 0.0003).  

Of the samples that were ANA positive at titer equal to or greater than 1:100 and less than or equal 

to 1:300 on rodent tissue, six had a positive ENA screen test. Of these, four had a positive ENA profile 

Figure 14 

Number of samples is seen on Y axes and 

ANA titer on X axes. Of the four samples that 

were positive at titer between 1:40 and 1:100 

on rodent tissue, all samples were positive on 

HEp-2000 cells at different titers. 25% 

samples were positive at titer between 1:40 

and 1:100 on both rodent tissue and HEp-

2000 cells.   

Figure 15 

Number of samples is seen on Y axes 

and ANA titer on X axes. Of the five samples 

that were positive at titer between 1:40 and 

1:100 on Hep-2000 cells, one sample were 

negative and four samples were positive on 

rodent tissue at different titers. 20% samples 

were positive at titer between 1:40 and 1:100 

on both HEp-2000 cells and rodent tissue.   
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and one also had a positive dsDNA (EIiA). Three of them had antibodies against dsDNA, were one 

also had a positive dsDNA (EliA) and one had antibodies against SSA/Ro. One sample that was 

negative in ENA screen test had a weak positive ENA profile with antibodies against Scl-70.  

Of the samples that were positive at titer equal to or greater than 1:100 and less than or equal to 

1:300 on HEp-2000 cells, ten had a positive ENA screen test and five of these had a positive ENA 

profile and one had also a positive dsDNA (EliA). Two had antibodies against dsDNA, were one also 

had positive dsDNA (EliA), two had antibodies against SSA/Ro and one had antibodies against RNP. 

There is not a significant difference between the number of positive samples on the ENA screen 

test (p= 0.7720) or the ENA profile (p= 0.6329). 

Table 7 Positive ANA screen test at titer ≥1:100≤1:300*  

Substrate Rodent tissue HEp-2000 cells P-value** 

Number of samples 31 (10.3%) 64 (21.3%) 0.0003 

ENA screen positive 6 (19.4%) 10 (15.6%) ns 

Positive profile 4 (66.7%)  Positive profile 5 (50%) ns 

dsDNA (EliA) 1 (16.7%) dsDNA (EliA) 1 (10%) 

ENA screen negative  25 (80.6%) 54 (84.4%)  

Positive profile 1 (4%)   

*Positive ANA screen test samples at titer ≥1:100≤1:300 on rodent tissue and HEp-2000 cells are 

compared. Both numbers of samples and results from ENA screen test and ENA profile. Percentage 

of number of samples is calculated based on the total cohort A. Percentage of ENA screen tests is 

calculated based on the number of samples positive at titer ≥1:100≤1:300 on each substrate. 

Percentage of ENA profiles is calculated based on the number of positive ENA screen test samples. 

 **Chi-square test and fisher’s exact test, p<0.05.   

4.1.4.1 HEp-2000 cells screening of rodent tissue positive samples at titer 

≥1:100≤1:300 

We evaluated the correlation of ANA positive sample outcomes at titer equal to or greater than 1:100 

and less than or equal to 1:300 between the two methodologies. 93.5% (29/31) of the rodent tissue 

positive samples at titer equal to or greater than 1:100 and less than or equal to 1:300 had a positive 

outcome using the HEp-2000 cell line (titer ≥1:40), as shown in figure 16. Of those only 17.2% (5/29) 

had a positive ENA specific antibody outcome or dsDNA (EliA).  

Five samples were positive at titer 1:40, one with antibodies against Scl-70. One sample was 

positive at titer between 1:40 and 1:100. Fifteen samples were positive at titer equal to or greater than 

1:100 and less than or equal to 1:300. Two of these had a positive ENA profile with antibodies against 

dsDNA and one had also positive dsDNA (EliA). Eight samples were positive at titer greater than 

1:300 and two of these had a positive ENA profile, one with antibodies against dsDNA and one 

against SSA/Ro.  
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In 48.4% (15/31) cases samples were ANA positive at titer equal to or greater than 1:100 and less 

than or equal to 1:300 on both rodent tissue and HEp-2000 cells.  

4.1.4.2 Rodent tissue screening of HEp-2000 cells positive samples at titer 

≥1:100≤1:300 

The distribution outcome of samples that were positive at titer equal to or greater than 1:100 and less 

than or equal to 1:300 on HEp-2000 cells using the rodent tissue methodologies was also similarly 

evaluated. 50% (32/64) of the HEp-2000 positive samples at titer equal to or greater than 1:100 and 

less than or equal to 1:300 had a positive outcome using rodent tissue (titer ≥1:40), as shown in figure 

17. Of those, only 9.4% (3/32) had a positive ENA specific antibody outcome or dsDNA (EliA). Of the 

32 samples that had a positive outcome at titer equal to or greater than 1:100 and less than or equal 

to 1:300 on HEp-2000 cells but negative using the rodent tissue methodology, two samples had  a 

positive ENA profile, with antibodies against SSA/Ro. 

Twelve samples were positive at titer 1:40. Fifteen samples were positive at titer equal to or greater 

than 1:100 and less than or equal to 1:300 and two of these had a positive ENA profile, with antibodies 

against dsDNA and one had also a positive dsDNA (EliA). Five samples were positive at titer greater 

than 1:300 and one of these had a positive ENA profile with antibodies against RNP.  

In 23.4% (15/64) cases samples were ANA positive at titer equal to or greater than 1:100 and less 

than or equal to 1:300 on both HEp-2000 cells and rodent tissue. 

Therefore, of the total cohort of samples that were ANA positive at titer equal to or greater than 

1:100 and less than or equal to 1:300 using either methodologies, only 5% (15/300) were positive in 

both assays. 
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4.1.5 ENA screening of ANA positive samples at titer >1:300 

We evaluated how many of the study cohort A, had a positive outcome at titer greater than 1:300 with 

the two ANA methodologies. As shown in table 8,  4.3% (13/300) were positive at titer greater than 

1:300 on rodent tissue as substrate compared to 8% (24/300) on HEp-2000 cells for ANA screening 

(p= 0.0885).  

Of the samples that were positive at titer greater than 1:300 on rodent tissue, five had a positive 

ENA screen test and four of these a positive ENA profile. One sample had antibodies against RNP, 

one against SSA/Ro and CENP-B, one against SSA/Ro and SSB/la and one against SSA/Ro and 

RNP.  Of the samples that were positive at titer greater than 1:300 on HEp-2000 cells, nine had a 

positive ENA screen test and eight of these a positive ENA profile. Three had antibodies against 

SSA/Ro, one against CENP-B, one against SSA/Ro and SSB/La, one against SSA/Ro and CENP-B 

and one against dsDNA, RNP and SSA/Ro.   

There is not a significant difference between the number of positive samples on the ENA screen 

test (p=1.0000) or the ENA profile (p= 1.0000). 

Figure 17 

Number of samples is seen on Y axes and 

ANA titer on X axes. Of the 64 samples that 

were positive at titer equal to or greater than 

1:100 and less than or equal to 1:300 on HEp-

2000 cells, 32 samples were negative and 32 

positive on rodent tissue at different titers. 

23.4% samples were positive at titer equal to 

or greater than 1:100 and less than or equal 

to 1:300 on both HEp-2000 cells and rodent 

tissue 

Figure 16 

Number of samples is seen on Y axes and 

ANA titer on X axes. Of the 31 samples that 

were positive at titer equal to or greater than 

1:100 and less than or equal to 1:300 on rodent 

tissue, two samples were negative and 29 

positive on HEp-2000 cells at different titers. 

48.8% samples were positive at titer equal to or 

greater than 1:100 and less than or equal to 

1:300 on both rodent tissue and HEp-2000 

cells.   
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Table 8 Positive ANA screen test at titer >1:300*  

Substrate Rodent tissue HEp-2000 cells P-value** 

Number of samples 13 (4.3%) 24 (8%) ns 

ENA screen positive 5 (38.5%) 9 (37.5%) ns 

Positive profile 4 (80%) Positive profile 8 (89%) ns 

ENA screen negative 8 (61.5%) 15 (62.5%)  

*Positive ANA screen test samples at titer >1:300 on rodent tissue and HEp-2000 cells are 

compared. Both numbers of samples and results from ENA screen test and ENA profile. Percentage 

of number of samples is calculated based on the total cohort A. Percentage of ENA screen tests is 

calculated based on the number of samples positive at titer >1:300 on each substrate. Percentage of 

ENA profiles is calculated based on the number of positive ENA screen test samples. 

 **Chi-square test and fisher’s exact test, p<0.05.  

4.1.5.1 HEp-2000 cells screening of rodent tissue positive samples at titer 

>1:300 

We evaluated the correlation of ANA positive sample outcome at titer greater than 1:300 between the 

two methodologies. 100% (13/13) of the rodent tissue ANA positive samples at titer greater than 1:300 

had a positive outcome using the HEp-2000 cell line (titer ≥1:40), as shown in figure 18. Of those, 

30.8% (4/13) had a positive ENA specific antibody outcome.  

One sample was positive at titer 1:40. Five samples were positive at titer equal to or greater than 

1:100 and less than or equal to 1:300, one of these had a positive ENA profile with antibodies against 

RNP. Seven samples were positive at titer greater than 1:300 and three of these had a positive ENA 

profile, one with antibodies against dsDNA, RNP and SSA/Ro, one with antibodies against SSA/Ro 

and centromere and one with antibodies against SSA/Ro and SSB/La.  

In 53.8% (7/13) cases samples were ANA positive at titer greater than 1:300 on both rodent tissue 

and HEp-2000 cells.  

4.1.5.2 Rodent tissue screening of HEp-2000 cells positive samples at titer 

>1:300 

The distribution outcome of samples that were ANA positive at titer greater than 1:300 on HEp-2000 

cells using the rodent tissue methodology was also similarly evaluated. Out of the 24 samples that 

were positive at titer greater than 1:300 on HEp-2000 cells 91.7% (22/24) were positive on the rodent 

tissue, as shown in figure 19. Of those 36.4% (8/22), had a positive ENA specific antibody outcome. 

Six samples were ANA positive at titer 1:40 and three of those had a positive ENA profile, two with 

antibodies against SSA/Ro and one with antibodies against CENP-B. One sample was positive at titer 

between 1:40 and 1:100. Eight samples were positive at titer equal to or greater than 1:100 and less 

than or equal to 1:300 and two of these had a positive ENA profile, one with antibodies against dsDNA 

and one with antibodies against SSA/Ro. Seven samples were positive at titer greater than 1:300 and 
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Figure 18 

Number of samples is seen on Y axes and 

ANA titer on X axes. Of the 13 samples that 

were positive at titer greater than 1:300 on 

rodent tissue, all samples were positive on 

HEp-2000 cells at different titers. 53.8% 

samples had titer greater than 1:300 on both 

rodent tissue and HEp-2000 cells.   

 

Figure 19 

Number of samples is seen on Y axes and 

ANA titer on X axes. Of the 24 samples that 

were positive at titer greater than 1:300 on 

HEp-2000 cells, two were negative on rodent 

tissue and 22 samples were positive at 

different titers. 29.2% samples were positive 

at titer greater than 1:300 on both HEp-2000 

cells and rodent tissue.   

three of these had a positive ENA profile, one with antibodies against dsDNA, RNP and SSA/Ro, one 

with antibodies against SSA/Ro and CENP-B and one with antibodies against SSA/Ro and SSB/La. In 

29.2% (7/24) cases samples were ANA positive at titer greater than 1:300 on both HEp-2000 cells and 

rodent tissue. 

Therefore, of the total cohort of samples that were ANA positive at titer greater than 1:300 using 

either methodology, only 2.3% (7/300) were positive on both assays.  

 

4.1.6 Overall 

Overall, 65.3% (196/300) of all samples on rodent tissue were ANA negative and 34.3% (103/300) on 

HEp-2000 cells. On HEp-2000 cells, a similar number of samples were negative and positive at titer 

1:40, while on rodent tissue, most samples were negative, decreasing at higher titer, as shown in 

figure 20.  
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4.1.7 ENA profile positive samples 

Out of the 225 samples with ENA screen test result from cohort A, seventeen had a positive ENA 

profile result for one or more specific antibodies or dsDNA (EliA), which equates to 7.6% (17/225) of 

samples with ENA screen test result and 61.5% (16/26) of ENA screen test positive samples. Most 

samples with a positive ENA profile had antibodies against SSA/Ro or 52.9% (9/17) of the positive 

ENA profile cohort.  

On rodent tissue, 2.5% (3/121) of ANA negative samples had a positive ENA profile, calculated 

from all ANA negative samples with ENA screen test result. This was also true of 8.9% (5/56) of ANA 

positive samples at titer 1:40, 16.1% (5/31) of ANA positive samples at titer equal to or greater than 

1:100 and less than or equal to 1:300 and 30.8% (4/13) of ANA positive samples at titer greater than 

1:300.  

On HEp-2000 cells, none of those samples that had ENA screen test result and were ANA negative 

had a positive ENA profile. However, 3.8% (4/104) of ANA positive samples at titer 1:40, 7.8% (5/64) 

of ANA positive samples at titer equal to or greater than 1:100 and less than or equal to 1:300, and 

33.3% (8/24) of ANA positive samples at titer greater than 1:300 had a positive ENA profile. 

There were a higher percentage of samples with a positive ENA profile with the higher ANA titers, as 

shown in table 9. 

 

 

 

 

Figure 20 

Number of samples is seen on Y axes and ANA titer on X axes. 
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Table 9  Positive ENA profile and/or dsDNA (EliA) samples of cohort A* 

 
Rodent tissue HEp-2000 cells 

Negative 2.5% (3/121) 0 (0/28) 

1:40 8.9% (5/56) 3.8% (4/104) 

>1:40<1:100 0 (0/4) 0 (0/5) 

≥1:100≤1:300 16.1% (5/31) 7.8% (5/64) 

>1:300 30.8% (4/13) 33.3%  (8/24) 

*Percentage calculated from numbers of samples negative on ANA or positive at each ANA titer.   

4.2 Correlation between ANA titers on rodent tissue and HEp-2000 cells 

Spearman’s correlations between titers of cohort A on rodent tissue and HEp200 cells were significant 

positive r=0.4669 (p= <0.0001), as shown in figure 21. This was calculated from five categories. 

Samples that were ANA negative, samples positive at titer 1:40, samples positive at titer between 1:40 

and 1:100, samples positive at titer equal to or greater than 1:100 and less than or equal to 1:300  and 

samples positive at titer greater than 1:300.   

 

Figure 21 Correlation between ANA titers on rodent tissue and HEp-2000 cells 

Different ANA titers on HEp-2000 cells are shown on Y-axes and different titers on rodent tissue 

on X-axes.  

Spearsman’s correlation, p<0.05. 
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4.3 Comparison of ANA patterns interpretation on rodent tissue and 

HEp-2000 cells  

Microscopic evaluation and interpretation of ANA patterns of positive ANA screen test samples in 

cohort A was next evaluated using both methodologies. Six single patterns were seen on HEp-2000 

cells and four single patterns on rodent tissue and six mixed patterns on both substrates. The six 

single patterns are diffuse, speckled, peripheral, nucleolar, centromere pattern and SSA/Ro pattern, 

were centromere pattern and the specific SSA/Ro pattern only seen on HEp-2000 cells are classified 

as speckled. The four single patterns on rodent tissue are diffuse, peripheral, nucleolar and speckled. 

There were six mixed patterns, peripheral/diffuse, nucleolar/diffuse, nucleolar/speckled, 

diffuse/speckled, peripheral/speckled and nucleolar/peripheral.  

Speckled pattern was the most common ANA pattern seen on both rodent tissue and HEp-2000 cells. 

On rodent tissue, 66.3% (69/104) of the positive ANA screen test samples had a speckled pattern and 

on HEp-2000 cells 52.8% (103/197). 

In addition, we evaluated the correlation of ANA pattern interpretation with the two methodologies 

originating from the same sample, see figure 22. 

Patterns were compared on rodent tissue and HEp-2000 cells to see how equal they were.  ANA 

patterns of the 89 samples that were positive on both rodent tissue and HEp-2000 cells were identical 

in 50.6% (45/89) of the samples.   

4.3.1 Correlation between ANA patterns on rodent tissue and HEp-2000 cells 

Spearman‘s correlations between patterns in cohort A on rodent tissue and HEp-2000 cells were 

r=0.2725 (p= <0.0001), as shown in figure 22. This was calculated from eleven categories of patterns. 

Samples with no pattern were negative, there were four single patterns, diffuse, speckled, peripheral 

and nucleolar, and six mixed patterns, peripheral/diffuse, nucleolar/diffuse, nucleolar/speckled, 

diffuse/speckled, peripheral/speckled and nucleolar/peripheral.   
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4.3.2 ANA patterns at titer 1:40 

In cohort A the most common ANA pattern seen with positive samples on rodent tissue at titer 1:40 

was speckled, at 76.8% (43/56), followed by nucleolar/speckled at 7.1% (4/56), diffuse at 5.4% (3/56), 

nucleolar at 3.6% (2/56), nucleolar/peripheral at 3.6% (2/56), peripheral at 1.8% (1/56) and 

peripheral/speckled also at 1.8% (1/56), as shown in figure 23. 

The most common ANA pattern seen with positive samples on HEp-2000 cells at titer 1:40 was 

speckled at 61.5% (64/104), followed by diffuse at 24% (25/104), peripheral at 5.8% (6/104), 

nucleolar/speckled at 5.8% (6/104), nucleolar at 1.9% (2/104) and peripheral/speckled at 1% (1/104). 

ANA pattern of the 23 samples that were positive on both rodent tissue and HEp-2000 cells at titer 

1:40, were identical in 47.8% (11/23) of the samples.   

Five samples that were positive at titer 1:40 on rodent tissue had specific ENA antibodies or 

dsDNA (EliA). Two had antibodies against SSA/Ro, one against CENP-B and one against RNP. All of 

them had a speckled pattern. One sample that were positive at titer 1:40 had antibodies against 

dsDNA (EliA) and a speckled pattern. 

Four samples that were positive at titer 1:40 on HEp-2000 cells had specific ENA antibodies or 

dsDNA (EliA). One had antibodies against Scl-70 and a diffuse pattern, one had antibodies against 

RNP and a speckled pattern, and one with antibodies against SSA/Ro and a peripheral pattern. One 

sample that were positive at titer 1:40 had antibodies against dsDNA (EliA) and a speckled pattern. 

Figure 22 Correlation between ANA patterns on rodent tissue and HEp-2000 cells 

Different patterns on HEp-2000 cells are shown on Y-axes and different patterns on rodent 

tissue on X-axes.  

Spearsman’s correlation, p<0.05. 



54 

0

10

20

30

40

50

60

70

Rodent tissue Hep-2000 cells

N
u

m
b

e
r 

o
f 

sa
m

p
le

s 

Substrate 

ANA patterns 
Titer 1:40 

diffuse

speckled

peripheral

nucleolar

nucleolar/speckled

peripheral/speckled

nucleolar/peripheral

Figure 23 ANA patterns on rodent tissue and HEp-2000 cells at titer 1:40 

Speckled is the most common pattern on both rodent tissue and HEp-2000 cells. 

4.3.3 ANA patterns at titer >1:40<1:100 

In cohort A, the most common ANA pattern seen with positive samples on rodent tissue at titer 

between 1:40 and 1:100 was speckled, at 50% (2/4), followed by diffuse at 25% (1/4) and nucleolar 

also at 25% (1/4), as shown in figure 24. 

The most common ANA pattern seen with positive samples on HEp-2000 cells at titer between 1:40 

and 1:100 was speckled, at 60% (3/5), followed by peripheral at 40% (2/5). 

The ANA pattern of the one sample that was positive on both rodent tissue and HEp-2000 cells at 

titer between 1:40 and 1:100 was identical in 100% (1/1) of the samples.   

 

Figure 24 ANA patterns on rodent tissue and HEp-2000 cell at titer >1:40<1:100 

Speckled was the most common pattern on both rodent tissue and HEp-2000 cells. 
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4.3.4 ANA patterns at titer ≥1:100≤1:300 

In cohort A, the most common ANA pattern seen with positive samples on rodent tissue at titer equal 

to or greater than 1:100 and less than or equal to 1:300 was speckled at 61.3% (19/31), followed by 

diffuse at 19.4% (6/31), nucleolar at 6.5% (2/31), peripheral/speckled at 6.5% (2/31), 

nucleolar/speckled at 3.2% (1/31) and diffuse/speckled also at 3.2% (1/31), as shown in figure 25. 

The most common ANA pattern seen with positive samples on HEp-2000 cells at titer equal to or 

greater than 1:100 and less than or equal to 1:300 was speckled at 45.3% (29/64) followed by diffuse 

at 20.3% (13/64), peripheral at 10.9% (7/64), nucleolar/speckled at 9.4% (6/64), nucleolar at 4.7% 

(3/64), peripheral/speckled at 3.1% (2/64), peripheral/diffuse at 1.6% (1/64), nucleolar/diffuse at 1.6% 

(1/64), diffuse/speckled at 1.6% (1/64) and nucleolar/peripheral also at 1.6% (1/64). 

The ANA patterns of the fifteen samples that were positive on both rodent tissue and HEp-2000 

cells at titer equal to or greater than 1:100 and less than or equal to 1:300, were identical in 46.7% 

(7/15) of the samples.   

Four samples that were positive at titer equal to or greater than 1:100 and less than or equal to 

1:300 on rodent tissue, had specific ENA antibodies or dsDNA (EliA). One sample had antibodies 

against dsDNA, with a speckled/diffuse pattern and this sample also had antibodies against dsDNA 

(EliA). One sample had antibodies against SSA/Ro and one had antibodies against Scl-70, both with a 

speckled pattern. One sample had antibodies against dsDNA and a diffuse pattern.   

Five samples that were positive at titer equal to or greater than 1:100 and less than or equal to 

1:300 on HEp-2000 cells, had specific ENA antibodies or dsDNA (EliA). Two samples had antibodies 

against dsDNA with diffuse pattern and one of these also had antibodies against dsDNA (EliA). Two 

samples had antibodies against SSA/Ro, one with a speckled pattern and the other with a nucleolar 

pattern. One sample had antibodies against RNP and a speckled pattern. 

 

Figure 25 ANA patterns on rodent tissue and HEp-2000 cells at titer ≥1:100≤1:300 

Speckled was the most common pattern on both rodent tissue and HEp-2000 cells. 
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4.3.5 ANA patterns at titer >1:300 

In cohort A, the most common ANA pattern seen with positive samples on rodent tissue at titer greater 

than 1:300 was speckled, at 46.2% (6/13), followed by diffuse at 38.5% (5/13), peripheral at 7.7% 

(1/13) and diffuse/speckled also at 7.7% (1/13), as shown in figure 26.  

The most common ANA pattern seen with positive samples on HEp-2000 cells at titer greater than 

1:300 was speckled, at 29.2% (7/24), followed by diffuse, at 25% (6/24), diffuse/speckled at 16.7% 

(4/24), peripheral at 12.5% (3/24), nucleolar/diffuse at 8.3% (2/24), nucleolar/speckled at 4.2% (1/24), 

and nucleolar also at 4.2% (1/24). 

The ANA patterns of the seven samples that were positive on both rodent tissue and HEp-2000 

cells at titer greater than 1:300, were identical in 57.1% (4/7) of the samples.   

Four samples that were positive at titer greater than 1:300 on rodent tissue had specific ENA 

antibodies. One sample had antibodies against RNP with a speckled pattern, one sample had 

antibodies against SSA/Ro and CENP-B with a nucleolar pattern and one sample had antibodies 

against SSA/Ro and SSB/La with a speckled pattern. One sample had antibodies against dsDNA, 

RNP and SSA/Ro with a diffuse/speckled pattern. 

Eight samples that were positive at titer greater than 1:300 on HEp-2000 cells had specific ENA 

antibodies. Three samples had antibodies against SSA/Ro with the typical pattern for SSA/Ro, listed 

as a speckled pattern. One sample had antibodies against CENP-B with the typical centromere 

pattern listed as a speckled pattern. One sample had antibodies against SSA/Ro and CENP-B with a 

nucleolar pattern. One sample had antibodies against dsDNA with a nucleolar/diffuse pattern. One 

sample had antibodies against SSA/Ro and SSB/la with a nucleolar/speckled pattern, but not the 

typical SSA/Ro pattern. One sample had antibodies against dsDNA, RNP and SSA/Ro with a diffuse 

pattern. 

 

    Figure 26 ANA patterns on rodent tissue and HEp-2000 cells at titer >1:300 

Speckled was the most common pattern for samples on rodent tissue and HEp-2000 cells 

positive at titer greater than 1:300. 
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4.4 ENA specific antibodies and patterns 

Of the seventeen samples that had a positive ENA profile or dsDNA (EliA) in cohort A, fourteen had a 

positive ANA screen test on rodent tissue and all seventeen on HEp-2000 cells. Specific antibodies 

and the ANA patterns can be seen in table 10.  

On rodent tissue, the most common patterns for antibodies against dsDNA were both a diffuse and   

mixed pattern, in both cases a diffuse/speckled pattern. For antibodies against RNP, SSA/Ro, SSB/La 

and Scl-70, speckled was the most common pattern. For antibodies against CENP-B, the most 

common patterns were a speckled pattern and a nucleolar pattern. 

On HEp-2000 cells, the most common pattern for antibodies against dsDNA and Scl-70 was a 

diffuse pattern. For antibodies against RNP, speckled was the most common pattern, and for 

antibodies against CENP-B, both speckled patterns (in one case centromere pattern) and nucleolar 

patterns are the most common. For antibodies against SSA/Ro, speckled was the most common 

pattern, and in fact 75% of those had the specific SSA/Ro pattern.  

Of the nine samples with antibodies against SSA/Ro, 33.3% (3/9) had a typical SSA/Ro pattern on 

HEp-2000 cells.   

Of the two samples with antibodies against CENP-B, 50% (1/2) had a typical centromere pattern on 

HEp-2000 cells. 

Table 10 ANA patterns from samples with positive ENA profile or dsDNA** 

Antibodies 

against 

Rodent tissue HEp2000 cells 

 Diff 

n=2 

Spe 

n=9 

Nucl 

n=1 

 Peri MP 

n=2 

Diff 

n=4 

Spe 

n=8 

Nucl 

n=2 

Peri 

n=1 

MP 

n= 2 

dsDNA  2 1   2 3 1   1 

RNP  2   1 1 2    

Sm           

SSA/Ro  4 1  1 1 4 2 1 1 

SSB/La  1        1 

Scl-70  1    1     

CENP-B  1 1    1 1   

Jo-1           

*Diff=diffuse, Spe=speckled, Nucl= nucleolar, Peri= peripheral pattern, MP= mixed pattern 

**The table shows specific antibodies positive in ENA profile or dsDNA (EliA) and there patterns on 

both rodent tissue and HEp-2000 cells. 
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4.5 Evaluation of the clinical accuracy of ANA/ENA testing 

4.5.1 The outcome of ANA screening in comparison to the individuals 
underlying clinical findings 

When evaluating the available clinical data from cohort B within the Landspitali EMR Saga system, we 

were able to identify underlying autoimmune diseases, which fulfilled ACR criteria for each disease in 

70.8% (138/195) of individuals. Of the 70.8% (138/195) that were diagnosed with autoimmune 

disease, 36.2% (50/138) are diagnosed with SLE, 26.8% (37/138) with RA, 5.8% (8/138) with SS, 

4.3% (6/138) with SSc, 1.4% (2/138) with MCTD and 25.4% (35/138) with other autoimmune 

diseases. 

Of the 28.7% (57/195) individuals without diagnosis of an autoimmune disease, 45.6% (26/57) 

were diagnosed with some other diseases, 26.3% (15/57) were suspected to have disease, where 

80% (12/15) were suspected of autoimmune diseases, but there was insufficient clinical data and the 

remaining 28.1% (16/57) individuals had insufficient clinical data or data that did not lead to a 

diagnosis. 

Therefore, when evaluating all individuals in cohort B, the sensitivity of ANA screen test on rodent 

tissue was 86.2% and the specificity 36.8%. The positive predictive value was 76.8%, while negative 

predictive value was 52.5%. On HEp-2000 cells the sensitivity was 94.2% and the specificity 15.8%. 

The positive predictive value was 73%, while negative predictive value was 52.9%.  

When only evaluating those individuals who definitely had an underlying autoimmune disease and 

not including individuals with suspected disease or other diseases, the sensitivity of ANA screen test 

on rodent tissue was 86.2% and the specificity 31.3%. The positive predictive value was 91.5%, while 

negative predictive value was 20.8%. On HEp-2000 cells the sensitivity was 94.2% and the specificity 

18.8%. The positive predictive value was 90.9%, while negative predictive value was 27.3%.  

When only evaluating those individuals who definitely had an underlying systemic autoimmune 

disease and not including individuals with other autoimmune diseases, other diseases or suspected 

disease, the sensitivity of ANA screen test on rodent tissue was 87.4% and the specificity 31.3%. The 

positive predictive value was 89.1%, while negative predictive value was 27.8%. On HEp-2000 cells 

the sensitivity was 95.1% and the specificity 18.8%. The positive predictive value was 88.3%, while 

negative predictive value was 37.5%.  

When only evaluating those individuals who definitely had SLE and not including individuals with 

other autoimmune diseases or with suspected diseases, the sensitivity of ANA screen test on rodent 

tissue was 90% and the specificity 35.7%. The positive predictive value was 62.5%, while negative 

predictive value was 75%. On HEp-2000 cells the sensitivity was 96% and the specificity 9.8%. The 

positive predictive value was 56.5%, while negative predictive value was 66.7%.  

In table 11, individuals are classified by an autoimmune disease and ANA titer. They are placed in 

two ANA titer categories, ANA positive at titer equal to or greater then 1:40 and ANA positive at titer 

equal to or greater than 1:100, to determine which cut-off titer gives the best outcome. There is a 

significant difference between all individuals with autoimmune disease positive at titer equal to or 

greater than 1:40 and equal to or greater than 1:100 on rodent tissue (p= 0.0447), but not between 
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individual diseases or individuals without autoimmune diseases. On HEp-2000 cells there was a 

significant difference between individuals with positive ANA at titer equal to or greater than 1:40 and 

equal to or greater than 1:100 that had SLE (p=0.0076), RA (p= 0.0123), all autoimmune diseases (p= 

0.0001) and without autoimmune disease (p= 0.0019). 

Table 11 ANA positive individuals classified by ANA titer ≥1:40 and ≥1:100 and a disease* 

 Rodent tissue HEp-2000 cells 

 ≥1:40 ≥1:100 P-value* ≥1:40 ≥1:100 P-value* 

SLE 90% 

(45/50) 

84% 

(42/50) 

ns** 96%  

(48/50) 

76%    

(38/50) 

0.0076 

MCTD 100% 

(2/2) 

100% 

(2/2) 

ns** 100%    

(2/2) 

50%        

(1/2) 

ns** 

SS*** 87.5% 

(7/8) 

87.5% 

(7/8) 

ns** 87.5%    

(7/8) 

87.5%     

(7/8) 

ns** 

SSc 83.3% 

(5/6) 

83.3% 

(5/6) 

ns** 100%    

(6/6) 

83.3%     

(5/6) 

ns** 

RA 83.8 

(31/37) 

67.6% 

(25/37) 

ns** 94.6% 

(35/37) 

70.3% 

(26/37) 

0.0123 

Other autoimmune 

diseases 

82.9% 

(29/35) 

68.6% 

(24/35) 

ns** 91.4% 

(32/35) 

71.4% 

(25/35) 

ns** 

All autoimmune 

diseases  

86.2% 

(119/138) 

76.1% 

(105/138) 

0.0447 94.2% 

(130/138) 

73.9% 

(102/138) 

0.0001 

None autoimmune 

disease 

63.2% 

(36/57) 

47.4% 

(27/57) 

ns** 84.2% 

(48/57) 

56.1% 

(32/57) 

0.0019 

Percentages are calculated from individuals with each disease separately.  

*Fisher’s exact test. 

** Not significant. 

*** Individuals with sSS are classified by the primary disease. 

In table 12, positive ANA, positive ENA and positive ENA specific profile and/or dsDNA for each 

disease are shown. 

There was a significant difference between individuals with a positive ANA screen test and an 

autoimmune disease and individuals with a negative ANA screen test and an autoimmune disease on 

rodent tissue (p= 0.0007, fisher’s exact test) and HEp-20000 cells (p= 0.0464, fisher’s exact test). 

There was not a significant difference between individuals with positive ANA screen test and 

positive ENA screen test with autoimmune disease and individuals with positive ANA screen test and 

negative ENA screen test with autoimmune disease on rodent tissue (p= 0.0690, fisher’s exact test) 

but on HEp-2000 cells there was a significant difference (p= 0.0168, fisher exact test). 
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There was not a significant difference between individuals with positive ANA screen test, positive 

ENA screen test and positive ENA profile and/or dsDNA with autoimmune disease and individuals with 

positive ANA screen test, positive ENA screen test and negative ENA profile and/or dsDNA with 

autoimmune disease on rodent tissue (p= 0.3098, fisher’s exact test) or HEp-2000 cells (p= 0.3519, 

fisher’s exact test). 

Table 12 Individuals classified by a disease and ANA screen test, ENA screen, ENA specific 

profile and/or dsDNA positive results* 

 ANA + ENA+ ENA specific profile + and/or 

dsDNA + 

Rodent 

tissue 

HEp-2000 

cells 

Rodent tissue and HEp-2000 

cells 

Rodent tissue and HEp-2000 

cells 

SLE 90% 

(45/50) 

96% 

(48/50) 

46% 

(23/50) 

38% 

(19/50) 

MCTD 100% 

(2/2) 

100% 

(2/2) 

50% 

(1/2) 

50% 

(1/2) 

SS** 87.5% 

(7/8) 

87.5% 

(7/8) 

75% 

(6/8) 

75% 

(6/8) 

SSc 83.3% 

(5/6) 

100% 

(6/6) 

83.3% 

(5/6) 

83.3% 

(5/6) 

RA 83.8% 

(31/37) 

94.6% 

(35/37) 

21.6% 

(8/37) 

13.5% 

(5/37) 

Other 

autoimmune 

diseases 

82.9% 

(29/35) 

91.4% 

(32/35) 

11.4% 

(4/35) 

5.7% 

(2/35) 

None 

autoimmune 

diseases 

63.2% 

(36/57) 

84.2% 

(48/57) 

14% 

(8/57) 

8.8% 

(5/57) 

*Percentages are calculated from individuals with each disease separately. Positive ENA screen test 

and positive ENA specific profile is not dependent on ANA screen test result. 

** Individuals with sSS are classified by the primary disease. 

4.5.2 The outcome of ANA screening in comparison to the individuals specific 
symptoms 

In order to compare ANA screen test outcome to symptoms from cohort B, EMR and SAGA was 

reviewed for a specific list of symptoms, as shown in material and methods. On average, 65.8% of the 

individuals had not details on individual symptoms and therefore it was not possible to calculate 

significant difference in many of the symptoms categories.   
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The individuals were classified into three categories according to ANA screen test results on rodent 

tissue and HEp-2000 cells. The categories are ANA negative samples, samples positive at titer equal 

to or greater than 1:40 and less than or equal to 1:100 and samples positive at titer greater than 1:100. 

In appendix 4, the percentage of individuals with or without symptoms and ANA screen test 

outcome depending on the categories are shown. 

There was a significant difference in individuals with sensitivity to sunlight between ANA negative 

individuals, individuals positive at titer equal to or greater than 1:40 and less than or equal to 1:100 

and individuals positive at titer greater than 1:100 on HEp-2000 cells (p= 0.0366), where more 

individuals did not have sensitivity to sunlight with a negative ANA screen test. 

There was a significant difference in individuals with arthritis in large joint between ANA negative 

individuals, individuals positive at titer equal to or greater than 1:40 and less than or equal to 1:100 

and individuals positive at titer greater than 1:100 on rodent tissue (p= 0.0080), where most individuals 

did not have arthritis in large joint with a negative ANA screen test. 

There was a significant difference in individuals with arthritis in small joints between ANA negative 

individuals, individuals positive at titer equal to or greater than 1:40 and less than or equal to 1:100 

and individuals positive at titer greater than 1:100 on rodent tissue (p= 0.0003) and HEp-2000 cells 

(p= <0.0001), where more individuals had arthritis in small joint with a positive ANA screen test. 

There was a significant difference in individuals with Raynaud’s between ANA negative individuals, 

individuals positive at titer equal to or greater than 1:40 and less than or equal to 1:100 and individuals 

positive at titer greater than 1:100  on HEp-2000 cells (p= 0.0153), where more individuals had 

Raynaud’s with a positive ANA screen test. 
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5 Discussion 

5.1 Summary 

In cohort A, ANA screen test by IIF on rodent tissue and HEp-2000 cells are according to this study 

equally acceptable to detect anti-nuclear antibodies. There was a significant positive correlation 

between patterns on rodent tissue and HEp-2000 cells (p= <0.0001). Speckled pattern was the most 

common pattern on both rodent tissue and HEp-2000 cells. Samples that were positive on both rodent 

tissue and HEp-2000 cells had identical pattern in 50.6% (45/89) cases. Significant positive correlation 

exists between titers in ANA screen tests on rodent tissue and HEp-2000 cells (p= <0.0001).  

In cohort B, the ANA screen test on both rodent tissue and HEp-2000 cells detected a great 

number of individuals with autoimmune disease and a great number of individuals with positive results 

had an autoimmune disease. The sensitivity of ANA screen test on rodent tissue was 86.2% and 

94.2% for HEp-2000 cells while the positive predictive value was 76.8% on rodent tissue and 73% and 

on HEp-2000 cells. 

According to our result the cut-off titer for HEp-2000 cells should be less than 1:100. 

The difference between individuals in cohort B with positive ANA screen test and negative ANA 

screen test with autoimmune disease, where more individuals with positive ANA screen test have 

autoimmune disease, emphasis the importance of using ANA screen test to support diagnoses of 

autoimmune diseases. Only 34.1% (47/138) of the individuals with autoimmune diseases were 

positive in the ENA screen test. Therefore the ENA screen test or similar tests cannot substitute the 

ANA screen test as the best test to screen for autoimmune disease. 

5.2 Comparison of HEp-2000 cells and rodent tissue as substrates for 

the ANA screen test 

In cohort A, two third of samples were negative and one third were positive in ANA screen test on 

rodent tissue while on HEp-2000 cells, one third of samples were negative and two third were positive 

in ANA screen test. This is a slightly greater percentage on rodent tissue and a much greater 

percentage on HEp-2000 cells  than reported in other similar studies on HEp-2 cells also with 1:40 as 

cut-off titer, where the prevalence of positive samples were one fourth (Peene et al., 2001).  

HEp-2000 cells had a much higher rate of ANA positive results than rodent tissue. The reason for 

that in our study may be that, the cut-off for positive samples on HEp-2000 cells was 1:40, which is 

what the manual for the HEp-2000 cells used in this study recommends, and what about 60% of 

laboratories use as a cut-off for HEp-2 cells. However, some say this threshold is highly sensitive and 

poorly specific for HEp-2 and HEp-2000 cells (Ghosh et al., 2007; Immuno Concepts, 2011; Peene et 

al., 2001; Tozzoli et al., 2002). Many studies recommend titer 1:80 for cut-off or an even higher titer 

such as 1:160 on HEp-2 cells, and therefore also HEp-2000 cells (Mariz et al., 2011; Wieslander, 

2008).  
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In cohort A, there was a significant difference between the numbers of ANA negative samples on 

rodent tissue and HEp-2000 cells, with a greater number of samples being ANA negative on rodent 

tissue. There was a significant difference between the number of samples ANA positive at titer 1:40 on 

rodent tissue and HEp-2000 cells, with a greater number of samples being ANA positive at titer 1:40 

on HEp-2000 cells. There was not a significant difference between the number of samples ANA 

positive at titer between 1:40 and 1:100 on rodent tissue and HEp-2000 cells. This may also be 

because the number of samples positive at this titer is very low. There was a significant difference 

between the number of samples positive at titer equal to or greater than 1:100 and less than or equal 

to 1:300 on rodent tissue and HEp-2000 cells, with a greater number of samples positive on HEp-2000 

cells. There was not a significant difference between samples positive at titer greater than 1:300 on 

rodent tissue and HEp-2000 cells. There were not many samples positive at titer greater than 1:300. 

 As discussed before, this difference between number of samples negative on rodent tissue and 

HEp-2000 cells with more samples negative on rodent tissue and difference between positive samples 

on rodent tissue and HEp-2000 cells, where more samples are positive on HEp-2000 cells at titer 1:40 

and at titer equal to or greater than 1:100 and less than or equal to 1:300, may be due to the fact that 

HEp-2000 cells are more sensitive than rodent tissue, which is why some laboratories have set the 

cut-off titer for HEp-2000 cells up to 1:80 or even 1:160 (Kavanaugh et al., 2000; Mariz et al., 2011),  

The correlation between ANA titer of cohort A on rodent tissue and HEp-2000 cells as substrate 

was significant positive, similar to findings from our previous study and other research (Jacobsen, 

2013; Kern et al., 2000). The correlation was calculated from five categories: negative samples, 

positive samples at titer 1:40, positive samples at titer between 1:40 and 1:100, positive samples at 

titer equal to or greater than 1:100 and less than or equal to 1:300, and positive samples at titer 

greater than 1:300.  

The ANA screen tests using rodent tissue or HEp-2000 cells as substrates both have pros and 

cons. Using rodent tissue as substrate is more time-consuming. It needs to dissect the rodent, in this 

case rat, and make a cryocut sections, and the PBS wash in the protocol is longer. There are only two 

samples on each slide of rodent tissue while there are 14 samples on each HEp-2000 slide, which 

makes the microscopic examination more time-consuming when using rodent tissue as the substrate. 

If HEp-2000 cells are used as a substrate the slides come in a kit ready to use. The nucleus in the 

HEp-2000 cells is bigger but the cytoplasm is smaller so it is easier to see nuclear patterns. One of the 

advantage of using rodent tissue as a substrate is due to the fact that there is a kidney, liver, stomach 

and esophagus tissue on the slides and therefore the possibility of seeing both different cytoplasmic 

and nuclear responses. For example, it is possible to detect the presence of SMA, APCA (which can 

be seen in stomach tissue) and AMA are more easily seen on rodent tissue (Azizah et al., 1995; 

Whitehouse & Holborow, 1971). These antibodies can be very difficult or even impossible to detect 

when using HEp-2000 cells as substrate. 

The ANA cut-off titer 1:40 was used for both rodent tissue and HEp-2000 cells. In cohort A, three 

ANA positive samples, one positive at titer 1:40 and two positive at titer equal to or greater than 1:100 

and less than or equal to 1:300 on HEp-2000 cells, with antibodies against SSA/Ro were negative on 

rodent tissue. It is a known problem that it can be difficult to detect antibodies against SSA/Ro on both 
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rodent tissue and HEp-2 cells (Tozzoli et al., 2002; Wiik, 2005). ENA screen test results of 25% 

(75/300) of samples were unknown because they were ANA negative on both rodent tissue and HEp-

2000 cells. Of the positive ANA samples at titer 1:40 on HEp-2000 cells, three had a positive ENA 

profile. Of these three samples, one had antibodies against SSA/Ro, one had antibodies against RNP, 

and one had antibodies against Scl-70. All these three samples had negative ANA test at titer 1:100. If 

the cut-off titer for ANA screen test on HEp-2000 cells was set at titer equal to or greater than 1:100, 

as many recommend (Wieslander, 2008), the test would miss three positive ENA profile samples. 

These samples have not been tested at titer 1:80.  

In cohort B, anti-nuclear antibody associated systemic autoimmune disease was identified in half 

(19/41) of all positive individuals with an ANA titer less than 1:100 on rodent tissue. Only three of 

these individuals with systemic autoimmune disease and positive ANA screen test at titer less than 

1:100 on rodent tissue had positive ENA screen test. On HEp-2000 cells, anti-nuclear antibody 

associated systemic autoimmune disease was identified in half (22/45) of all positive individuals with 

ANA titer less than 1:100. Only three of these individuals with systemic autoimmune disease and 

positive ANA screen test at titer less than 1:100 on HEp-2000 cells had positive ENA screen test. 

It is important for ANA screen test to detect these individuals, because even though most of them 

did not have positive ENA screen test, they do have a systemic autoimmune disease. It must however 

be taken into account that some of these individuals are possible on medication, which can in some 

cases have an effect on ENA screen test results.  

5.3 Comparison with ENA tests 

There were only 7.6% (17/225) of samples from cohort A that had a positive ENA profile for specific 

antibodies and/or dsDNA (EliA). The ENA screen test was only performed if the samples were ANA 

screen test positive on rodent tissue and/or HEp-2000 cells, which was in 75% (225/300) of cohort A. 

If the ENA screen test is positive, an ENA profile and dsDNA (EliA) were performed. This is the normal 

routine procedure at the Department of Immunology, Landspítali- The National University Hospital of 

Iceland, but an ENA screen test is also performed if a special request is made. 

One sample had a positive ENA profile for antibodies against Scl-70 but a negative ENA screen 

test. This individual had a previous history of positive ENA screen test and a positive ENA profile for 

antibodies against Scl-70, so that is why the ENA profile was done.  

A dsDNA (EliA) test was performed on 16.7% (50/300) of all samples and 4% (2/50) were positive.  

16.3 % (17/104) of ANA positive samples on rodent tissue had a positive ENA profile for specific 

antibodies and/or dsDNA (EliA), as did 8.6% (17/197) of ANA positive samples on HEp-2000 cells. 

These percentages are a little less than found in other study, however in the other study the cohort 

was mostly from in-house specialists while in our cohort a large part of samples are from clinics 

outside the hospital, which could have an effect on number of positive ENA profile and/or dsDNA 

(EliA) (Peene et al., 2001). On rodent tissue, 8.9% (5/56) of ANA positive samples at titer 1:40 had a 

positive ENA profile for specific antibodies and/or dsDNA (EliA), while 30.8% (4/13) of ANA positive 

samples at titer greater than 1:300 had a positive ENA profile. On HEp-2000 cells, 3.8% (4/104) of 
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ANA positive samples at titer 1:40 had a positive ENA profile for specific antibodies and/or dsDNA 

(EliA), while 33.3% (8/24) of ANA positive samples at titer greater than 1:300 had a positive ENA 

profile. Samples were more likely to have a positive ENA profile with higher titer in the ANA screen test 

on both rodent tissue and HEp-2000 cells, a result consistent with other studies (Kang et al., 2004; 

Peene et al., 2001).  

In cohort A, three samples had a positive ENA screen test and a positive ENA profile but were 

negative for ANA on rodent tissue as a substrate. All of these had antibodies against SSA/Ro, but it is 

a known problem that it can be difficult to detect antibodies against SSA/Ro on both rodent tissue and 

HEp-2 cells, but still the rodent tissue did show a positive reaction to two third of all samples with 

antibodies against SSA/Ro (Tozzoli et al., 2002; Wiik, 2005). In addition, as discussed above, if the 

cut-off titer for HEp-2000 cells were set at 1:160 as many recommend, we would also have missed 

three positive ENA profile samples on HEp-2000 cells with antibodies against SSA/Ro, RNP and Scl-

70 and possible one dsDNA (EliA). Of those only the sample with antibodies against SSA/Ro was 

negative on rodent tissue. Therefore, 73 samples were negative on rodent tissue and positive at titer 

1:40 on HEp-2000 cells, only two of those samples had positive ENA screen test and one sample 

positive ENA profile, with antibodies against SSA/Ro, which should be considered while choosing a 

cut-off titer for HEp-2000 cells. It would be important to examine whether those four samples would be 

positive at titer 1:80 on HEp-2000 cells. 

5.4 Comparison of patterns 

In cohort A, patterns were put in eleven categories to calculate correlation between patterns on rodent 

tissue and HEp-2000 cells. Samples with no pattern were negative, four single patterns, diffuse, 

speckled, peripheral and nucleolar, and six mixed patterns, peripheral/diffuse, nucleolar/diffuse, 

nucleolar/speckled, diffuse/speckled, peripheral/speckled and nucleolar/peripheral.  

There was a significant positive correlation between patterns on rodent tissue and HEp-2000 cells 

(p= <0.0001).  

Of the 89 samples that were positive on both rodent tissue and HEp-2000 cells as substrate, patterns 

were identical in 50.6% (45/89) cases. This result is similar to other what other researches have 

shown. For example, in one project where researchers compared rodent tissue and HEp-2 cells the 

match was 51%, and another one 48% (Aeschlimann et al., 1989; Kern et al., 2000). In our study we 

classified the typical SSA/Ro pattern on HEp-2000 cells, which has the characteristic of speckled 

pattern where 10-20% of the interphase nuclei have an outstanding nucleolar staining, as speckled 

pattern. This was done so samples with anti-SSA/Ro antibodies were comparable on both rodent 

tissue and HEp-2000 cells, but SSA/Ro shows a speckled pattern on both rodent tissue and HEp-2 

cells (Tozzoli et al., 2002; von Mühlen & Tan, 1995). 

HEp-2000 cells express the SSA/Ro antigen better than HEp-2 and rodent tissue but in our study only 

33.3% (3/9) of samples with antibodies against SSA/Ro, showed the typical SSA/Ro pattern on HEp-

2000 cells. 

In our study of cohort A, speckled is the most frequent pattern on both rodent tissue and HEp-2000 

cells. On rodent tissue 66.3% (69/104) had speckled pattern and 52.3% (103/197) on HEp-2000 cells. 
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In our previous study from cohort B, speckled was the most frequent pattern on rodent tissue, at 

45.2% (70/155) and diffuse on HEp-2000 cells, at 43.8% (78/178), where speckled was seen in 23% 

(41/178) cases on HEp-2000 cells (Jacobsen, 2013). 

The frequency of speckled pattern is more common in samples positive at titer 1:40 in cohort A on 

HEp-2000 cells than cohort B (p= 0.0001). In cohort A, where only 45% of samples were from 

hospitals, 20.3% from primary health care clinics and 34.7% from private clinics, ANA positive samples 

at titer 1:40 on rodent tissue had speckled pattern in 78.8% (43/56) cases and 61.5% (64/104) on 

HEp-2000 cells.  In cohort B, where all samples were from outpatient clinic of Departments of 

Rheumatology and Immunology, ANA positive samples at titer 1:40 on rodent tissue have speckled 

pattern in 78.3% (18/23) of cases and 15.9% (7/44) on HEp-2000 cells.  

There is a possible explanation for this difference in speckled pattern frequency in cohort A and B. 

Anti-DFS70 antibodies are thought to be found in individuals without autoimmune disease and almost 

never in patients with systemic rheumatic disease. As shown in other studies, anti-DFS70 antibodies 

can be found in 30-50% of individuals with a positive ANA screen test that do not have autoimmune 

disease (Ganapathy & Casiano, 2004; Mahler et al., 2011; Mariz et al., 2011; Watanabe et al., 2004). 

Dense, fine speckled patterns are unique for anti-DFS70 antibodies (Mahler et al., 2011). There is a 

possibility that a proportion of the individuals that have a positive ANA screen test with a fine speckled 

pattern, but without a positive ENA test or clinical connection to autoimmune disease, have those anti-

DFS70 antibodies. This can explain why a speckled pattern is less common in cohort B where a  large 

proportion of individuals are diagnosed with autoimmune disease then in cohort A, especially at lower 

titers, where positive ANA screen test at low titer is more common in individuals without autoimmune 

disease (Tozzoli et al., 2002).  

In cohort A, samples with antibodies against dsDNA most commonly had a diffuse pattern or a 

diffuse/speckled pattern on rodent tissue, and a diffuse pattern on HEp-2000 cells. One of the two 

samples that had antibodies against dsDNA, with a mixed pattern on rodent tissue had also antibodies 

against RNP and SSA/Ro. In our previous study on cohort B, and also seen in other studies, 

antibodies against dsDNA are mostly seen as a diffuse pattern on both rodent tissue and HEp-2000 

cells (Jacobsen, 2013; Kang et al., 2004).  Two samples had a positive dsDNA (EliA), and they had a 

speckled pattern and a diffuse/speckled pattern on rodent tissue and a speckled pattern and a diffuse 

pattern on HEp-2000 cells. 

Samples with antibodies against RNP most commonly had a speckled pattern on both rodent 

tissue and HEp-2000 cells, which is consistent with our previous study and other studies (Peene et al., 

2001). Samples with antibodies against SSA/Ro on rodent tissue most commonly had a speckled 

pattern which is also consistent with our previous study and other studies on HEp-2 cells (Peene et al., 

2001). Samples with antibodies against SSA/Ro on HEp-2000 cells most commonly had a speckled 

pattern (4/9) but only three of them had the specific pattern for SSA/Ro antibodies on HEp-2000 cells, 

and is consistent with our previous study (Jacobsen, 2013).  
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5.5 Evaluation of the clinical accuracy of ANA/ENA testing 

5.5.1 Comparing ANA screen test outcome to the individuals underlying 
clinical findings 

In cohort B, 70.8% (138/195) were diagnoses with an autoimmune disease.   

The sensitivity of the ANA screen test was 86.2% for rodent tissue and 94.2% for HEp-2000 cells 

when all individuals in cohort B were included. This was similar to what other studies performed on 

HEp-2 cells have shown (Hayashi et al., 2001; Wananukul et al., 2005). It was a little less on rodent 

tissue as substrate, which corresponds to other studies as well comparing rodent tissue and HEp-2 

cells (Hahon et al., 1975). When we only evaluated individuals with systemic autoimmune diseases 

and did not include individuals with other diseases or suspected diseases the sensitivity was slightly 

higher on both rodent tissue (87.4%) and on HEp-2000 cells (95.1%). This indicates that the ANA 

screen test is a good screening test when looking for systemic autoimmune diseases. If we only look 

at sensitivity for ANA screen test to detect individuals with SLE, the sensitivity on rodent tissue was 

90% while on HEp-2000 cells it was 96%. On HEp-2000 cells this was similar to what other studies 

have shown on HEp-2 cells (Hayashi et al., 2001; Tan et al., 1997), but it was a little lower on rodent 

tissue.  

The specificity of the test was 36.8% on rodent tissue and 15.8% on HEp-2000 cells when all 

individuals in cohort B were included. If we only evaluated individuals with autoimmune disease or 

only with systemic autoimmune disease and did not include individuals with other diseases or 

suspected diseases the specificity on rodent tissue was 31.3% and 18.8% on HEp-2000 cells. And if 

we only evaluated individuals with SLE the specificity was 35.7% on rodent tissue and 9.8% on HEp-

2000 cells. This was in all cases much lower specificity than other similar studies have shown, but in 

these other studies the cohort was very different from ours. In one study were the specificity was 85%, 

the cohort consisted of SLE patients and healthy children, they excluded all other autoimmune 

diseases and conditions associated with abnormal ANA titers (Wananukul et al., 2005). In another 

study they used connective tissue diseases with conditions other than RA and the cohort was chosen 

from patient with diagnosed disease and healthy individuals (Hayashi et al., 2001). In our study, all 

individuals in cohort B came from outpatient clinic of Department of Rheumatology and Immunology 

and therefore there are no healthy individuals as control but instead we have a really interesting cohort 

were all individuals had some reason for going to a Rheumatologists or Immunologist.  

On rodent tissue the positive predictive value was 76.8% and the negative predictive value 52.5% 

when all individuals in cohort B were included. On HEp-2000 cells the positive predictive value was 

73% and the negative predictive value 52.9%. If we only include individuals with underlying 

autoimmune diseases and excluded individuals with suspected disease the positive predictive value 

was slightly higher, 91.5% on rodent tissue and 90.9% on HEp-2000 cells, but the negative predictive 

value was even lower, 20.8% on rodent tissue and 27.3% on HEp-2000 cells. If we only evaluated 

individuals with SLE the positive predictive value was 62.5% for rodent tissue and 56.5% for HEp-

2000 cells while negative predictive value is 75% for rodent tissue and 66.7% for HEp-2000 cells. This 

was not similar to other studies were the positive predictive value was 57% and negative predictive 
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value 97%, but in that study the cohort consisted only of SLE patient and healthy children. In our 

study, cohort B was chosen from ANA screen test and ENA screen test results and all individuals are 

from the hospital and therefore no healthy controls were included. The positive predictive value is 

lower and negative predictive value higher if we only include individuals with SLE (Wananukul et al., 

2005). It could also affect the negative predictive value that some of the individuals might be on 

medication, which could affect ANA screen test results, for example two individuals with SLE have 

negative ANA screen test, which could be related to medication or disease remission. 

The difference in how the cohorts are chosen in our study compared to the other studies may play 

a big role in this difference in the sensitivity, specificity, positive predictive value and negative 

predictive value.  

From our result, the sensitivity of ANA screen test and positive predictive value was high which is 

good for a screening test. 

Individuals with autoimmune diseases and their outcome on ANA screen test depend on the cut-off 

titer chosen for the ANA screening. There was a significant difference between all individuals with 

autoimmune disease positive at titer equal to or greater than 1:40 and equal to or greater than 1:100 

on rodent tissue, but not between individual diseases or individuals without autoimmune diseases. 

Which shows us that the cut-off titer 1:40 is suitable for ANA screening on rodent tissue. 

 On HEp-2000 cells there was a significant difference between individuals with positive ANA at titer 

equal to or greater than 1:40 and equal to or greater than 1:100 that had SLE, RA, all autoimmune 

diseases and without autoimmune diseases. This shows us that ANA positive samples at titer equal to 

or greater than 1:100 misses more individuals with autoimmune disease then ANA positive at titer 

1:40. As mentioned before, based on our study on cohort A, the cut-off titer for HEp-2000 cells should 

be lower than 1:100, for example 1:40 or 1:80, but some laboratories uses even 1:160 as a cut-off titer 

(Kavanaugh et al., 2000; Mariz et al., 2011; Wieslander, 2008). 

The importance of ANA screen test by IIF has been controversial and some laboratories have even 

switched from ANA screen test by IIF to some form of composite autoantigen ELISA. Some 

laboratories even perform an ENA screen test and work further on positive samples and do an ANA 

IIF screen test to assess titer and pattern (Kern et al., 2000; Wiik, 2005).  

In cohort B, our results shows that there was a significant difference between individuals with 

positive ANA screen test and an autoimmune disease and individuals with a negative ANA screen test 

and an autoimmune disease on rodent tissue and HEp-20000 cells.   

The difference between individuals with positive ANA screen test and negative ANA screen test 

with autoimmune disease, where more individuals with autoimmune disease have positive ANA 

screen test, shows that ANA screening test as a screen test supports diagnoses of autoimmune 

diseases, even when ENA test result are negative, which is the opposite to other studies (Kern et al., 

2000).  

There was a significant difference between individuals with a positive ANA screen test and a 

positive ENA screen test with autoimmune disease and individuals with a positive ANA screen test 

and a negative ENA screen test with autoimmune disease on HEp-2000 cells, but not on rodent 
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tissue. But there was not a significant difference between individuals with a positive ANA screen test, 

a positive ENA screen test and a positive ENA profile and/or dsDNA with autoimmune disease and 

individuals with a positive a ANA screen test, a positive ENA screen test and a negative ENA profile 

and/or dsDNA with autoimmune disease on rodent tissue or HEp-2000 cells. This indicates that if an 

ENA screen test would be used as the first choose for screening and an ENA profile and/or dsDNA 

test as continuations, many ANA screen test positive individuals with an autoimmune disease would 

be missed. Although this result shows that individuals with positive ANA screen test on HEp-2000 cells 

and positive ENA screen test are more likely to have autoimmune disease than individuals only with 

positive ANA screen test, the difference between ANA negative and ANA positive individuals with 

autoimmune disease is also significant. 

A positive ANA screen test is a part of the ACR criteria for SLE and SS, and our result indicates 

that ANA screen test in the clinical context of the individual can have an effect on the diagnosis. ANA 

screen test should therefore always be a screening test that comes before ENA screening test or other 

similar test to detect anti-ENA antibodies and anti-dsDNA antibodies (Petri & Magder, 2004; Shiboski 

et al., 2012). 

5.5.2 Comparing ANA screen test result to individual symptoms 

On average, two third of individuals in cohort B had no detail on individual symptoms and therefore it 

was not possible to calculate significant difference on many of the symptoms categories. There were a 

significant difference in individuals with ANA negative screen test, individuals positive at titer equal to 

or greater than 1:40 and less than or equal to 1:100 for some symptoms, as shown in appendix 4.  

The only symptom that had a significant difference  between individuals with ANA negative 

individuals, individuals positive at titer equal to or greater than 1:40 and less than or equal to 1:100 

and individuals positive at titer greater than 1:100 on both rodent tissue and HEp-2000 cells was 

arthritis in small joints. That is a very common symptom in many diseases but in cohort B it was most 

common in individuals with positive ANA screen test at titer greater than 1:100 on both rodent tissue 

and HEp-2000 cells. 

5.6 Strengths and weaknesses of the study 

The strength of this study is that well trained staff confirmed all microscopic examination both on 

rodent tissue and HEp-2000 cells. The ANA screen test on both rodent tissue and HEp-2000 cells is 

performed in a very similar way. The microscopic examinations of the samples on HEp-2000 cells 

were performed without knowledge of previous result from ANA screen test on rodent tissue. 

The weakness is that we do not have the medical history of all the 300 individuals from cohort A and 

could therefore not work with the results in the context of diseases or symptoms. But with a medical 

history there would be more possibilities in evaluating the ability of the ANA screen test, both patterns 

and titers depending on disease in cohort A. 
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5.7 Next step 

The next step would be to look into the medical history of the 300 individuals from cohort A, to see 

how many of them have an autoimmune disease and how frequent doctors are using the ANA screen 

test to diagnose or exclude autoimmune diseases. Then there would also be possibility to calculate 

sensitivity, specificity and positive and negative predictive values for cohort A and compare it to the 

sensitivity, specificity and a positive and a negative predictive value from cohort B.  

If the Department of immunology, Landspitali - The National University Hospital of Iceland decides 

to implement the use of HEp-2000 cells instead of rodent tissue, a further work has to be done to 

decide the cut-off titer. To detect the final cut-off titer for HEp-2000 cells, we would have to put a lot of 

work into it. Some examination has to be done on healthy individuals as well as more examination on 

some samples in cohort A, to prevent using a to low cut-off titer. To low cut-off titer would lead to many 

ENA screen test, in individuals without autoimmune disease, which are both expensive and time 

consuming. 
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6 Conclusion 

Current method to detect ANA at Department of Immunology, Landspitali - The National University 

Hospital of Iceland, by using rodent tissue as substrate for IIF, has a good correlation with using Hep-

2000 cells as substrate. Nothing prevents the continuing use of rodent tissue as substrate if the 

Department of immunology decides so. 

If the Department of Immunology, Landspitali - The National University Hospital of Iceland decides 

to use HEp-2000 cells as substrate, the cut-off titer should be well considered. From these result the 

cut-off titer for ANA screen test on HEp-2000 cells should be less than 1:100.  

  ANA IIF screen test should always be the first choose used to screen for anti-nuclear antibodies 

when there is a suspect of an autoimmune disease. In the Department of Immunology, Landspitali - 

The National University Hospital of Iceland all samples that are positive in the ANA screen test are 

further tested in an ENA screen test and if necessary an ENA profile test and/or dsDNA (EliA), this 

routine work should be continued in the same way.  
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Appendix 1 

 

Proposed classification criteria for SS*(Shiboski et al., 2012) 

The classification of SS, which applies to individuals with signs/symptoms that may be suggestive of 

SS, will be met in patients who have at least 2 of the following 3 objective features: 

1. Positive serum anti-SSA/Ro and/or anti-SSB/La or (positive rheumatoid factor and ANA titer 

≥1:320) 

2. Labial salivary gland biopsy exhibiting focal lymphocytic sialadenitis with a focus score 1 focus/4 

mm2† 

3. Keratoconjunctivitis sicca with ocular staining score 3 (assuming that individual is not currently 

using daily eye drops for glaucoma and has not had corneal surgery or cosmetic eyelid surgery in the 

last 5 years)ffi 

 

Prior diagnosis of any of the following conditions would exclude participation in SS studies or 

therapeutic trials because of overlapping clinical features or interference with criteria tests: 

History of head and neck radiation treatment 

Hepatitis C infection 

Acquired immunodeficiency syndrome 

Sarcoidosis 

Amyloidosis 

Graft versus host disease 

IgG4-related disease 

† Using histopathologic definitions and focus score assessment methods as previously described 

(Daniels et al., 2011). 

‡ Using ocular staining score as previously described (Whitchera et al., 2010). 
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Appendix 2 

The American College of Rheumatology/European League Against Rheumatism criteria for the 

classification of systemic sclerosis (SSc)* 

Item Sub-item(s) Weight/s

core† 

Skin thickening of the fingers of both hands 

extending proximal to the 

metacarpophalangeal joints (sufficient 

criterion) 

- 9 

Skin thickening of the fingers (only count the 

higher score) 

Puffy fingers 2 

Sclerodactyly of the fingers (distal to the 

metacarpophalangeal joints but proximal 

to the proximal interphalangeal joints) 

4 

Fingertip lesions (only count the higher 

score) 

Digital tip ulcers 2 

Fingertip pitting scars 3 

Telangiectasia - 2 

Abnormal nail fold capillaries - 2 

Pulmonary arterial hypertension and/or 

interstitial lung disease 

(maximum score is 2) 

Pulmonary arterial hypertension 2 

Interstitial lung disease 2 

Raynaud’s phenomenon - 3 

SSc-related autoantibodies (anti-centromere, 

anti–topoisomerase I [anti–Scl-70], anti–RNA 

polymerase III) (maximum score is 3) 

Anti-centromere 3 

Anti–topoisomerase I 

Anti–RNA polymerase III 

* These criteria are applicable to any patient considered for inclusion in an SSc study. The criteria are 

not applicable to patients with skin thickening sparing the fingers or to patients who have a 

scleroderma-like disorder that better explains their manifestations (e.g., nephrogenic sclerosing 

fibrosis, generalized morphea, eosinophilic fasciitis, scleredema diabeticorum, scleromyxedema, 

erythromyalgia, porphyria, lichen sclerosis, graft-versus-host disease, diabetic cheiroarthropathy). 

† The total score is determined by adding the maximum weight (score) in each category. Patients with 

a total score of 9 are classified as having definite SSc (Hoogen et al., 2013). 
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Appendix 3 

The American Rheumatology Association (ARA) criteria for Systemic lupus Erythmatosus* 

ARA Criteria 1982 

(updated 1997) 

Detail 

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 observation 

4. Oral ulcers Oral or nasopharyngeal ulceration, usually painless, observed by 

physician 

5. Nonerosive arthritis Involving 2 or more peripheral joints, characterized by tenderness, 

swelling, or effusion 

6. Pleuritis or pericarditis 
1. Pleuritis--convincing history of pleuritic pain or rubbing heard by a 

physician or evidence of pleural effusion 

OR 

2. Pericarditis--documented by electrocardigram or rub or evidence 

of pericardial effusion 

7. Renal disorder 
1. Persistent proteinuria > 0.5 grams per day or > than 3+ if 

quantitation not performed 

OR 

2. Cellular casts--may be red cell, hemoglobin, granular, tubular, or 

mixed 

8. Neurologic disorder 
1. Seizures--in the absence of offending drugs or known metabolic 

derangements; e.g., uremia, ketoacidosis, or electrolyte 

imbalance 

OR 

2. Psychosis--in the absence of offending drugs or known metabolic 

derangements, e.g., uremia, ketoacidosis, or electrolyte 

imbalance 

9. Hematologic disorder 
1. Hemolytic anemia--with reticulocytosis 
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OR 

2. Leukopenia--< 4,000/mm
3
 on ≥ 2 occasions 

OR 

3. Lyphopenia--< 1,500/ mm
3
 on ≥ 2 occasions 

OR 

4. Thrombocytopenia--<100,000/ mm
3
 in the absence of offending drugs 

10. Immunologic disorder 
1. Anti-DNA: antibody to native DNA in abnormal titer 

OR 

2. Anti-Sm: presence of antibody to Sm nuclear antigen 

OR 

3. Positive finding of antiphospholipid antibodies on: 

1. an abnormal serum level of IgG or IgM anticardiolipin 

antibodies, 

2. a positive test result for lupus anticoagulant using a 

standard method, or 

3. a false-positive test result for at least 6 months confirmed 

by Treponema pallidum immobilization or fluorescent 

treponemal antibody absorption test 

11. Positive 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 

*The classification is based on 11 criteria. For the purpose of identifying patients in clinical studies, a 

person is defined as having SLE if any 4 or more of the 11 criteria are present, serially or 

simultaneously, during any interval of observation (Petri & Magder, 2004). 
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Appendix 4 

Table 13 ANA screen test results compared to symptoms of 195 individuals* 
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Median age 48 48 48 
 48 48 48  

Sensitivity 
to sunlight 

Yes 
7.5%   
(3/40) 

Yes 
10.1%   
(7/69) 

Yes 
14% 
(12/86) 

Ns 
Yes 0% Yes 

13.3% 
(10/75) 

Yes 
11.7% 
(12/103) 

0.0366 

No 
30%   
(12/40) 

No 
10.1% 
(7/69) 

No 
11.6% 
(10/86) 

 

No 
47.1% 
(8/17) 

No 
13.3% 
(10/75) 

No 
10.7%  
(11/103) 

 
 

 

Hair loss 

Yes 
12.5% 
(5/40) 

Yes 
11.6%   
(8/69) 

Yes 
22.1%  
(19/86) 

ns 
Yes 

11.8% 
(2/17) 

Yes 
13.3% 
(10/75) 

Yes 
19.4% 
(20/103) 

ns 

No 
20% 
(8/40) 

No 
7.2%  
(5/69) 

No 
9.3%  
(8/86) 

 
No 

23.5% 
(4/17) 

No 
12%   
(9/75) 

No 
7.8%   
(8/103) 

 

Arthralgia 

Yes 
67.5% 
(27/40) 

Yes 
71% 
(49/69) 

Yes 
79.1% 
(68/86) 

ns 

Yes 
76.5% 
(13/17
) 

Yes 
72% 
(54/75) 

Yes 
74.8% 
(77/103) 

ns 

No 
2.5% 
(1/40) 

No 
1.4% 
(1/69) 

No 
3.5%   
(3/86) 

 
No 

5.9% 
(1/17) 

No 
1.3%   
(1/75) 

No 
2.9%   
(3/103) 

 

Arthritis 
large joint 

Yes 
17.5% 
(7/40) 

Yes 
29% 
(20/69) 

Yes 
25.6% 
(22/86) 

0.0080 
Yes 

23.5% 
(4/17) 

Yes 
22.7% 
(17/75) 

Yes 
27.2% 
(28/103) 

ns 

No 
47.5% 
(19/40) 

No 
14.5% 
(10/69) 

No 
18.6% 
(16/86) 

 
No 

41.2% 
(7/17) 

No 
29.3% 
(22/75) 

No 
15.5% 
(16/103) 

 

Arthritis 
Small joint 

Yes 
35% 
(14/40) 

Yes 
52.2% 
(36/69) 

Yes 
62.8% 
(65/86) 

0.0003 
Yes 

17.6% 
(3/17) 

Yes 
48% 
(35/75) 

Yes 
63.1% 
(65/103) 

<0.000
1 

No 
40% 
(16/40) 

No 
13%  
(9/69) 

No 
15.1% 
(13/86) 

 
No 

47.1% 
(8/17) 

No 
25.3% 
(19/75) 

No 
10.7% 
(11/103) 

 

Spine 
Yes 

25% 
(10/40) 

Yes 
26.1% 
(18/69) 

Yes 
26.7% 
(23/86) 

N/A 

Yes 
35.3% 
(6/17) 

Yes 
30.7% 
(23/75) 

Yes 
22.3% 
(23/103) 

N/A 

No 0 No 0 No 0 
 No 0 No 0 No 0  

Morning 
stiffness 

Yes 
15%   
(6/40) 

Yes 
20.3% 
(14/69) 

Yes 
24.4% 
(21/86) 

N/A 

Yes 
17.6% 
(3/17) 

Yes 
20% 
(15/75) 

Yes 
22.3% 
(23/103) 

N/A 

No 
5%   
(2/40) 

No 0 No 
1.2%   
(1/86) 

 

No 
5.9%   
(1/17) 

No 
1.3%  
(1/75) 

No 
1%      
(1/103) 

 

Enthesitis 

Yes 
42.5% 
(17/40) 

Yes 
30.4% 
(21/69) 

Yes 
32.6% 
(28/86) 

N/A 
Yes 

41.2% 
(7/17) 

Yes 
34.7% 
(26/75) 

Yes 
32% 
(33/103) 

N/A 

No 
5%    
(2/40) 

No 0 No 
1.2%   
(1/86) 

 
No 

5.9%   
(1/17) 

No 
2.7%  
(2/75) 

No 0 
 

Myalgia 
Yes 

32.5% 
(13/40) 

Yes 
13%   
(9/69) 

Yes 
4.7%   
(4/86) 

N/A 
Yes 

47.1% 
(8/17) 

Yes 
16% 
(12/75) 

Yes 
5.8%     
(6/103) 

N/A 

No 0 No 0 No 0 
 No 0% No 0 No 0  

Dry 
symptoms 

Yes 
30% 
(12/40) 

Yes 
26.1% 
(18/69) 

Yes 
36% 
(31/86) 

ns 
Yes 

17.6% 
(3/17) 

Yes 
37.3% 
(28/75) 

Yes 
29.1% 
(30/103) 

ns 
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No 
15%   
(6/40) 

No 
11.6%   
(8/69) 

No 
5.8%   
(4/86) 

 

No 
11.8% 
(2/17) 

No 
14.7% 
(11/75) 

No 
5.8%    
(6/103) 

 

Swallowing 
problems 

Yes 
10% 
(4/40) 

Yes 
2.9%  
(2/69) 

Yes 
5.8%   
(5/86) 

N/A 
Yes 

11.8% 
(2/17) 

Yes 
5.3%  
(4/75) 

Yes 
4.9%    
(5/103) 

N/A 

No 0 No 
1.4%   
(1/69) 

No 
2.3%  
(2/86) 

 
No 0 No 0 No 

2.9%     
(3/103) 

 

Raynaud’s 

Yes 
10%  
(4/40) 

Yes 
13%   
(9/69) 

Yes 
20.9% 
(18/86) 

ns 

Yes 
11.8% 
(2/17) 

Yes 
9.3% 
(7/75) 

Yes 
21.4% 
(22/103) 

0.0153 

No 
20%  
(8/40) 

No 
8.7%  
(6/69) 

No 
7%   
(6/86) 

 
No 

23.5% 
(4/17) 

No 
13.3% 
(10/75) 

No 
5.8%   
(6/103) 

 

Serositis 

Yes 
10%   
(4/40) 

Yes 
4.3%  
(3/69) 

Yes 
3.5%   
(3/86) 

N/A 
Yes 

5.9%   
(1/17) 

Yes 
5.3%   
(4/75) 

Yes 
4.9%    
(5/103) 

N/A 

No 
2.5%   
(1/40) 

No 
2.9%   
(2/69) 

No 
2.3%   
(2/86) 

 
No 0 No 

4%   
(3/75) 

No 
1.9%    
(2/103) 

 

Thrombosis 

Yes 
17.5% 
(7/40) 

Yes 
1.4%   
(1/69) 

Yes 
9.3%  
(8/86) 

ns 
Yes 

11.8% 
(2/17) 

Yes 
8%    
(6/75) 

Yes 
7.8%    
(8/103) 

ns 

No 
10%   
(4/40) 

No 
8.7%   
(6/69) 

No 
9.3%   
(8/86) 

 
No 

5.9% 
(1/17) 

No 
13.3% 
(10/75) 

No 
6.8% 
(7/103) 

 

Smoking 

Yes 
30%  
(12/40) 

Yes 
29% 
(20/69) 

Yes 
36% 
(31/86) 

ns 
Yes 

41.2% 
(7/17) 

Yes 
36% 
(27/75) 

Yes 
28.2% 
(29/103) 

ns 

No 
27.5% 
(11/40) 

No 
26.1% 
(18/69) 

No 
24.4% 
(21/86) 

 
No 

41.2% 
(7/17) 

No 
30.7% 
(23/75) 

No 
19.4% 
(20/103) 

 

Family 
history of 
autoimmun
e disease 

Yes 
45% 
(18/40) 

Yes 
24.6% 
(17/69) 

Yes 
25.6% 
(22/86) 

ns 

Yes 
58.8% 
(10/17
) 

Yes 
33.3% 
(25/75) 

Yes 
20.4% 
(21/103) 

ns 

No 
12.5% 
(5/40) 

No 
15.9% 
(11/69) 

No 
27.9% 
(24/86) 

 
No 

17.6% 
(3/17) 

No 
20% 
(15/75) 

No 
22.3% 
(23/103) 

 

*Symptoms were classified into three categories, yes if individuals had the symptoms, no if they hadn’t 

the symptoms and N/A if there is no knowledge of it. 

*ns= not significant (p= >0.05) 

N/A- too few numbers to calculate 

**Chi-square test 

 


