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ABSTRACT
Objectives:  There appears to be marked discrepancies between total IgE reference intervals (RIs) in use 
by many laboratories and those recommended by published studies. The aim of this study was therefore 
to review total IgE RIs currently reported by Scandinavian and British laboratories and to compare these 
to published RIs identified by a literature review.
Methods: Relevant laboratories were identified by test directories provided by the national accreditation 
bodies in Norway, Sweden, Denmark and the UK. Total IgE RIs and their sources were acquired by 
accessing laboratory user handbooks or by an electronic survey. In addition a literature review of 
published total IgE RI studies was performed.
Results:  From 172 accredited laboratories providing total IgE analysis, data was acquired from 122 
laboratories. An adult upper reference limit between 81 to 150 kU/L was reported by 89% of these. 
Denmark and Sweden reported the most harmonised RIs whilst Norway and the UK exhibited the least 
degree of harmonisation. Published adult (n = 6) and paediatric (n = 6) RI studies reported markedly 
higher upper limits than those currently in use by the laboratories included in this study. There were 
also large variations in the number of age strata in use for paediatric RIs.
Conclusion:  This study demonstrates large variations in currently utilised IgE RIs by Scandinavian and 
British accredited laboratories and most report markedly lower RIs than those recommended by recent 
RI publications. Many laboratories likely utilise outdated RIs and should consider critically reviewing and 
updating their RIs.

Introduction

Atopic diseases are one of the most common disorders world-
wide, potentially affecting up to 30% of the European popu-
lation [1]. As a part of the diagnostic work-up of these 
diseases, serum total IgE is frequently measured [2,3]. 
Commercial assays for total IgE are widely available on 
allergy-focused platforms such as the Phadia ImmunoCAPTM 
or Siemens ImmuliteTM systems, as well as on general clinical 
chemistry platforms such as the Roche CobasTM, Abbott 
ArchitectTM or Siemens Advia Centaur/AttelicaTM systems and 
on some smaller instruments such as the Siemens BNIITM 
Nephelometer. The many different total IgE methods have 
been harmonised to a WHO IgE International Reference 
Preparation [4], and investigations by external quality assess-
ment (EQA) schemes demonstrate that commercially available 
assays report harmonised total IgE levels, with the possible 
exception of the Hycor HytecTM IgE-assay [5]. There exists no 
specific cut off value able to discriminate between patients 

with atopic disease from those without, as there is consider-
able overlap between healthy and atopic populations [3,6]. 
High total IgE values may be seen in a wide range of 
non-atopic conditions including neoplastic disease, primary 
immunodeficiencies, and parasitic or inflammatory diseases 
[3], whilst the clinical significance of low values remains 
uncertain and requires further research [7].

During the past two decades multiple studies reporting 
total IgE reference intervals (RIs) in adult and paediatric 
populations have been published [8–17]. However, the man-
ufacturers’ package inserts [18–25] typically refer to RIs 
based on more historical studies [26–29], which differ mark-
edly from the more recent estimates [8–17]. It is therefore 
of concern whether laboratories may be reporting outdated 
or inappropriate RIs for total IgE. Adding to this concern, a 
recent verification study on an Austrian population [30] 
reported that the total IgE RI derived from the manufactur-
er’s package insert [24] was not suitable for transference. 
The aims of our study were therefore to review paediatric 
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and adult total IgE RIs currently in use by Scandinavian and 
British medical laboratories and to identify their sources. In 
addition, we performed a review of the literature in order to 
compare published RIs to those currently in use by 
Scandinavian and British medical laboratories.

Methods and materials

Selection of included countries

All three Scandinavian countries (Norway, Sweden and 
Denmark), in addition to the United Kingdom were chosen 
due to freely available directories over ISO15189-accredited 
medical testing laboratories provided by the respective 
national accreditation bodies [31–34]. In addition, the 
selected countries allowed for querying of the openly avail-
able laboratory user handbooks without the need for trans-
lation to the investigators.

Acquisition of results and data handling

The initial set of medical laboratories was compiled on 
September 1st 2022, after accessing the national directories 
of accredited laboratories [31–34]. For the UK, the accred-
ited laboratories were compiled by combining the two cate-
gories clinical biochemistry and immunology as presented by 
the British accreditation body (UKAS) [32]. From the initial 
list, duplicates were removed. Laboratories specialising in 
medical genetics, microbiology, toxicology, criminology, 
cyto-/histopathology or reproductive testing were excluded, 
as well as laboratories confirming they did not provide total 
IgE analysis (Figure 1). The directory provided by the 
Swedish accreditation body (Swedac) [34] provided 20 dis-
tinct accredited organisations (laboratory regions), which in 
turn serves 77 hospital locations. Of these, 17 of 20 labora-
tory regions were confirmed to offer total IgE analysis. As 
each region provides RIs to the respective hospitals, each 
region was therefore considered as a single instance of a RI, 
and not as 77 distinct sets. For Denmark and Norway rele-
vant laboratories were identified from the Norwegian (NA) 
[31] and Danish (DANAK) [33] accreditation bodies, after 
non-relevant laboratories were excluded as defined by the 
abovementioned criteria (Figure 1).

Data collection was performed from 15th September 
throughout 27th December 2022. A maximum of approxi-
mately 20 mins was allocated per laboratory in order to man-
ually obtain RIs from the laboratory user handbook provided 
by the respective health trust’s or hospital’s website. If unsuc-
cessfully obtained within this time scope, a query was elec-
tronically sent to the quality manager and/or the laboratory 
director. If no reply to the initial request was received, a new 
request was sent after 3-4 weeks. The data point was consid-
ered missing if no further response was received.

The data survey retrieved details, if relevant, on age and 
sex-partitioned adult and paediatric RIs with upper and lower 
limits, what limit was in use (e.g. a 95th or 97.5th percentile) 
and the source of these RIs. As there was in most cases a lack 
of information on the exact percentile being reported, all 

results for the upper reference limit (URL) were pooled 
together. Identification of the RI sources were in most cases 
achieved based on the age-stratification of paediatric RIs 
being identical to a handful of confirmed sources from the 
package inserts, local or regional RI investigations.

Review of published adult and total IgE reference 
interval studies

Medline, Embase and the Cochrane Library databases were 
searched from the time of database inception to 27th 
December 2022. In addition, relevant book chapters in the 
field of clinical chemistry and clinical immunology/allergy 
were reviewed. The search terms consisted of: ‘IgE’, ‘immu-
noglobulin E’, ‘immunoglobuline E’, ‘immuno-globulin E’, 
‘immuno globulin E’ or ‘Ig E’, combined with the following: 
‘reference interval’, ‘reference range’, ‘reference value’, ‘refer-
ence level’, ‘normal interval’, ‘normal range’, ‘normal value’ or 
‘normal level’. The utilised search terms are provided in the 
Supplementary materials. Only publications in English were 
retrieved. All publications reporting at least one of the fol-
lowing 2.5th, 90th, 95th, 97.5th or 99th percentile reference lim-
its/intervals were included. Studies utilising non-immunoassay 
methods were excluded, with the exception of the most 
recent publication performed using paper radioimmunosor-
bent test (PRIST) by Simoni et  al. (2001) [13].

Figure 1. D ata handling flowchart. a) Non-relevant laboratories were defined as 
accredited laboratories specialising in medical genetics, microbiology, toxicol-
ogy, criminology, cyto-/histopathology or reproductive testing.
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Results

The initial set provided by the test directories yielded 364 
accredited laboratories (43 Norwegian, 20 Swedish, 46 Danish 
and 255 British) [31–34]. Following removal of duplicates 
(n = 125) and exclusion of non-relevant laboratories or labora-
tories confirming that they did not offer total IgE analysis 
(n = 67), the remaining laboratories (n = 172) were considered to 
constitute the set of current ISO15189 accredited medical lab-
oratories providing total IgE testing in the UK and Scandinavia. 
The majority of duplicates were due to tests being listed under 
both categories (clinical biochemistry and immunology) in the 
UK or the same organisation or trust being listed several times 
due to multiple issued accreditations to the same organisation. 
From the 172 total IgE providers, information on total IgE RIs 
was identified from 122 laboratories (Figure 1). Excellent acqui-
sition rates were achieved from the Scandinavian countries 
with 17 of 17 from Norway (100%), 16 of 17 from Sweden 
(94%) and 22 of 26 from Denmark (85%). A good response 
rate was achieved from the UK with 67 of 112 (60%), in total 
conferring a response rate of 71% across all regions. Almost all 
laboratories provided both dedicated paediatric and adult RI 
sets. An overview of methods reported in use by laboratories, 
grouped by country, is provided in the Supplementary table 1.

Adult reference intervals

In Table 1 descriptives and identified sources of upper adult RI 
limits identified in our study are provided. The median upper 
limit was closely matched throughout Scandinavia (114 – 115 
kU/L) and was somewhat higher compared to the British 
median upper reference limit (81 kU/L) (Figure 2). The limit 
of 81 kU/L was utilised by 33 (49%) of laboratories in the UK, 
whilst upper limits of 100 − 120 kU/L were reported by 23 
(34%) British laboratories. Three British laboratories provided 
upper limits of 2, 15 or 30 kU/L in their laboratory user hand-
books, which should be speculated if might constitute clerical 
errors. In Scandinavia, the upper limits of 114, 115, 120 and 
150 kU/L were the most abundant, although four Norwegian 
laboratories reported a significantly higher upper limit of 297 
kU/L. Reported upper limits varied between the different coun-
tries included in our survey; range (min – max) with Sweden 
44 kU/L (85 − 129) and Denmark 50 kU/L (100 − 150) display-
ing the narrowest ranges, whilst Norway 210 kU/L (87 − 297) 
and the UK 248 kU/L (2 – 250) exhibited the widest ranges.

Overall, 89% of the included laboratories applied an adult 
upper limit clustered between 81 to 150 kU/L. No laboratories 
were found to report adult gender-partitioned RIs. All surveyed 

laboratories utilised lower limits in close agreement with the 
literature, ranging from 0 - 20 kU/L [9–11,14,16]. Therefore, 
lower limits for total IgE are not further detailed in the results. 
The original sources of RIs varied significantly between the 
surveyed regions. The manufacturer’s package inserts were 
most frequently used in Sweden (88%) and Norway (65%), 
whilst a local or regional RI study was most frequently cited in 
Denmark (59%) [35] and the UK (49%) [36].

Paediatric reference intervals

In total, 28 distinct age-strata were found to be in use by 
the different laboratories. A few laboratories only reported 
stratified RIs up to the age groups of 9, 10, 12 or 15 years 
of age, while concurrently not reporting any adult RI. Two 
laboratories used the age-strata of 19 years, and two labora-
tories provided RIs for the age-strata of 20 years of age. 
Generally, there was a low degree of harmonisation in regard 
to age-stratification, with the number of age-partitions used 
by a single laboratory varying from 3 and up to 16 
age-partitions at the most. The paediatric upper reference 
limits also varied widely and are presented in Figure 3.

Literature review of published adult and paediatric 
reference interval studies

The literature review identified (n = 6) publications report-
ing paediatric RIs and (n = 6) publications reporting adult 
RIs based on immunoassays (Tables 2 and 3). Adult upper 
reference limits varied between 148 − 603 kU/L, depending 
if reporting an upper 95%, 97.5% or 99% limit. All studies 
were performed using immunoassays with the exception 
of Simoni et  al. (2001) [13] utilising PRIST. The included 
studies were published between 1995 and 2022, with the 
majority published after 2010 (82%). Five studies were 
performed in North America, three in Europe and the 
remaining three in Asia. The largest available adult 
European study (n = 6670) found a 95th percentile of 
169 kU/L in males and 148 kU/L in females, with 99th per-
centiles of 341 and 300 kU/L in males and females, respec-
tively [8].

With regard to paediatric RIs, CALIPER (greater Toronto 
area) found upper 97.5th limits of 440 kU/L (90%CI 322, 
1000) for 0 to 6 years, and 450 kU/L (90%CI 380, 484) for 
7–18 years on the Abbott ArchitectTM platform [10]. RIs 
with (90% CIs) were also established using the Beckman 
Coulter platform yielding upper limits of 809 kU/L (173, 

Table 1. D escriptives for acquired data sets, reference interval sources and adult total IgE upper reference limits reported by medical laboratories in Norway, 
Sweden, Denmark and the UK.

Norway Sweden Denmark UK

Total data sets acquired (response rate) 17 (100%) 16 (94%) 22 (85%) 67 (60%)
Source of reference interval
Package insert 11 14 5 13
Local or regional RI investigations 1 0 13 33
Recent publications 4 0 0 1
Unknown 1 2 4 20
Adult total IgE upper limit (kU/L)
Median 114 114 115 81
Range (min – max) 210(87 − 297) 44(85 − 129) 50(100 − 150) 248(2 − 250)
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1230) for 0 to <2 years, 786 kU/L (317, 1705) for 2 to 
<8 years and 833 kU/L (571, 1292) for 8 to <19 years [9]. It 
should be noted that RIs established by O.P. Soldin (2008) 
[14] consisted of approximately 60% paediatric participants 
of African-American background, therefore the results might 
be less applicable for transference to a Northern European 
population. Martins et  al. [11] included 1376 healthy chil-
dren from the Salt Lake City area, and found similar paedi-
atric upper limits, peaking at 696 kU/L from 9–12 years.

The number of utilised age-strata differed markedly, with 
the CALIPER publications reporting only 2 or 3 age-strata 
[9,10], while Martins et  al. [11] and O.P. Soldin et  al. [14] 
reported 7 and 8 age-strata, respectively. Sacco et  al. presents 
longitudinal total IgE growth curves following a German 
cohort of 1314 children over twenty years, divided into 
atopic and never-atopic groups [37]. This publication does 
not provide CLSI-calculated RIs, however based on their 
data, an upper 97th limit for the never-atopic group (n = 466) 

Figure 2. A dult total IgE reference intervals (only upper limits are shown) utilised in Scandinavia and the UK, compared to published upper reference limits (n=11 
solid red points derived from 6 publications).

Figure 3.  Paediatric total IgE reference interval upper limits, reported by medical laboratories (n = 122) in Scandinavia and the UK and those reported in the 
literature (solid red points, derived from six publications). The y-axis displays reported IgE upper reference limits on a logarithmic scale.
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was approximately 300 kU/L, peaking during 13–15 years of 
age. Table 4 summarises RIs provided in the package inserts 
by market leaders of total IgE analysis in Europe [18–25].

Discussion

This is the first study to systematically survey and document 
total IgE RIs in use by accredited laboratories in Northern 
Europe. Total IgE is a frequently requested analyte, particular 
in primary health care. Therefore, appropriately provided RIs 
is important for facilitating correct clinical interpretation and 
to avoid unnecessary referrals for further resource intensive 
investigations. Our study finds a wide range of different pae-
diatric and adult RIs currently in use, in adults ranging from 
87−297 kU/L (Figure 2) and in children, at for instance 
5 years of age, ranging from 15–140 kU/L (Figure 3). Most 
laboratories reported considerably lower upper limits than 
those reported by the recent literature (Tables 2 and 3).

Generally, there were some differences between total IgE 
RI limits reported by the four countries included in our sur-
vey. The upper limits of 114 or 120 kU/L for adults were 
used by around two thirds of the Swedish laboratory regions, 
whilst 81 kU/L was used by more than half of the included 
British laboratories (Figure 2). This is likely explained by 
the laboratories in these countries relying on a few selected 
sources. In the UK, the PRU Handbook of Clinical 
Immunology was the most referenced source, citing an adult 
upper limit of <81 kU/L [36]. In Sweden the upper limit of 
114 kU/L can be traced back to the manufacturer’s package 
insert [18], which in turn cites Zetterstrøm et al. (1981) [27].

A geographic variation in the sources used for the trans-
ferred IgE RIs was exhibited. The manufacturer’s package 

inserts were most frequently used in Sweden (88%) and 
Norway (65%), whilst local or regional RI studies were most 
frequent in Denmark (59%) [35] and the UK (49%) [36] 
(Table 1). Most laboratories were unable to state (neither in 
their laboratory user handbook, or by survey) if their uti-
lised upper limits represented 95th or 97.5th percentiles. In 
addition, some laboratories chose to report geometric means 
+ 1 SD, which may be prone to misinterpretation by clini-
cians as this is a less standard approach. A few laboratories 
reported two-sided RIs. It remains debatable if it is most 
useful to report total IgE-measurements with a one-sided  
(0–95th percentile), or a two-sided (2.5 − 97.5th) RI. Presently, 
as the clinical significance of low total IgE values still 
remains uncertain [7,38], it could be argued that a one-sided 
95th percentile may be clinically the most appropriate.

The results of our survey also highlight variations in selected 
age-strata for paediatric total IgE upper reference limits. 
Age-strata are currently poorly harmonised, with some labora-
tories reporting up to 16 distinct age-strata, whilst some labora-
tories have opted to report as few as 3 age-strata. Published 
studies range from reporting 8 strata at the most by Martins 
et  al. [11], with CALIPER reporting only 3 strata [9,10]. Total 
IgE concentrations are low at birth and during the first year of 
life, with upper limits of approximately 50–100 kU/L. 
Concentrations continue to increase during later childhood with 
the upper limit peaking at approximately 500 − 800 kU/L during 
8 - 13 years of age [11,14]. Thus, it is important for clinicians to 
be cognisant of the fact that total IgE concentrations are largely 
age-dependent, which must be taken into account when inter-
preting results in children. Paediatric growth curves might be a 
more practical and intuitive means of presenting RIs in paedi-
atric populations [39–41].

Table 2.  Summary of adult total IgE reference interval studies published after 1990 utilising immunoassays, with the exception of Simoni et  al. (2001) [13] utilising 
paper radio immunosorbent test (PRIST).

Subjects (location, number of 
participants) Method Subgroup Adult upper reference limit (kU/L) Reference

95th 97.5th 99th

Presumably healthy adults  
(from 10 Western European 
countries, N = 6  670)

ImmunoCAP Non-smokers
Males
Females

Smokers
Males
Females

169
148

220
194

341
300

446
392

Carosso et  al. 
(2007) [8]

Presumably healthy adults  
(North Italy, N = 557:  
males n = 226,  
females = 331)

PRIST Males
Females

297 
257

Simoni et  al. 
(2001) [13]

Healthy adults accepted as 
volunteers for blood donation 
(Kuwait, N = 546)

Pharmacia CAP-Phadia Mixed 602.5 Ezeamuzie et  al. 
(1999) [47]

Presumably healthy adults 
(Tehran, Iran, N = 366)

ELISA Mixed 250 Shoormasti et  al. 
(2010) [12]

Healthy adults accepted as 
volunteers for blood donation 
(Norway, N = 252)

ImmunoCAP Mixed 302 391 Vinnes et  al.  
(2023) [17]

Presumably healthy adults  
(Salt Lake City area USA, 
N = 128: males n = 64,  
females n = 64)

ImmunoCAP Mixed 214 Martins et  al. 
(2014) [11]
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As summarised in Table 4, the manufacturers’ provided RIs 
can mostly be traced back to studies from the 70s and 80s 
[26–29]. Although the 1st WHO standard for total IgE (69/204) 
was established in 1973, it is difficult to ascertain if the meth-
ods used by the older publications [26–29] were traceable to 
the WHO-standard. Moreover, concerns remain as to whether 
the older publications provide RIs calculated in accordance to 
current conventions/recommendations [42] which may contrib-
ute towards explaining why many currently utilised upper RI 
limits are low compared to RI limits recommended by the 
more recent literature (Tables 2 and 3). The highly cited study 
by Zetterstrøm et  al. (1981) reports a geometric mean (not to 
be confused with the arithmetic mean) with a ± 2 SD range, 
and the package insert for the ImmunoCAPTM platform [18] 
provides a table of paediatric geometric means +1 SD. These 
should not be directly transferred as 95% or 97.5% RIs. 
Furthermore, if interpreting the geometric means + 1 SD as 
upper reference limits as presented by ImmunoCAP’s package 

insert [18], this would directly infer a gradual and continuous 
increase of physiological IgE from birth until adulthood, as also 
could be interpreted from the package inserts from the Siemens 
Immunlite [19] and BN2 systems [22]. It has, however, been 
widely shown that this is not the case, as total IgE peaks during 
late childhood [2,10,11,14,16,37].

Laboratories’ responsibility in verifying transferred 
reference intervals

It is important for medical laboratories to provide updated 
RIs [42–44], and it is generally agreed upon that optimum 
practice recommends each laboratory to establish its own 
RI. However, this is resource demanding and it may there-
fore not always be practical for each laboratory to establish 
RI by the direct method; i.e. performing sampling studies 
on healthy participants as detailed by the Clinical & 

Table 3.  Summary of published paediatric total IgE reference interval studies performed using immunoassays identified by the literature review.

Subjects (location, number of 
participants) Method Subgroup Paediatric upper reference limit (kU/L) Reference

Salt Lake City area, USA,  
N = 1376
males N = 702,
females N = 674

ImmunoCAP Mixed 6 − 12 mo
1 − 2 y
3 y
4 − 6 y
7 − 8 y
9 − 12 y
13 − 15 y
16 − 17 y

2.5 − 97.5th

2 − 34
2 − 97
2 − 199
2 − 307
2 − 403
2 − 696
2 − 629
2 − 537

Martins et  al. (2014) [11]

Washington D.C. area, USA,  
N = 940
males N = 476,
females N = 464

Abbott IMx Males 0 − 12 mo
1 − 3 y
4 − 10 y
11 − 15 y
16 − 18 y

2.5 − 97.5th

2 − 24
2 − 149
4 − 249
7 − 280
5 − 268

S.J. Soldin et  al. (1995) [16]

Females 0 − 12 mo
1 − 3 y
4 − 10 y
11 − 15 y
16 − 18 y

0 − 20
5 − 55
8 − 279
5 − 295
7 − 698

Washington D.C. area, USA, 
N = 2691

Siemens Immulite 
2000

Males 0 − <4 mo
4 mo − <1 y
1 − <3 y
3 − <10 y
10 − <13 y
13 − <15 y
15 − 18 y

2.5 − 97.5th

1 − 40
1 − 126
3 − 398
4 − 999
8 − 631
10 − 562
11 − 447

O.P. Soldin et  al. (2008) [14]

Females 0 − <4 mo
4 mo − <1 y
1 − <3 y
3 − <10 y
10 − <13 y
13 − <15 y
15 − 18 y

1 − 24
2 − 63
3 − 141
3 − 398
9 − 407
23 − 355
5 − 355

Greater Toronto area, Canada Abbott Architect 
ci4100 (N = 699)

Beckman Coulter 
Immunoassay 
Systems (N = 600)

Mixed 0 − <7 y
7 − 19 y

2.5 − 97.5th

<25 − 440
<25 − 450

CALIPER
Kelly et  al. (2015) [10]

Karbasy et  al. (2016) [9]Mixed 0 − <2 y
2 − <8 y
8 − <19 y

0 − 809
2 − 786
3 − 833

Korea. Randomly selected 
nationwide elementary and 
middle schools, N = 3679

ImmunoCAP Mixed 6 − 7 y
95th 
<877 Kim et  al. (2017) [15]

12 − 13 y <716
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Laboratory Standards Institute (CLSI) guidelines [42]. 
Therefore, clinical laboratories often utilise RIs from the lit-
erature or as suggested by the manufacturer’s package insert. 
However, in such cases it is generally advisable to verify 
transferred RIs by performing smaller scale verification 
studies [30,44–46]. Leitner-Ferenc et  al. recently published 
the results of such a verification of manufacturer-provided 
RIs from the package inserts on the Roche CobasTM plat-
form [30]. In their study, they found 10 of 40 total IgE val-
ues (25%) fell above the manufacturer-provided RI of 0–100 
kU/L [24] and therefore concluded the provided RI was not 
suitable for transference [30]. This and other recent publica-
tions of total IgE RIs [8,11–13,47] indicate that frequently 
used upper reference limits of 87–114 kU/L in adults are 
too low, and thus results from healthy individuals will 
unnecessarily fall outside of this interval. At our tertiary 

centre total IgE has been requested on average approxi-
mately 23 000 times annually the last four years, with 5 850 
results per year falling above a limit of 114 kU/L. If, how-
ever, utilising an upper 95th percentile of 302 kU/L [17], 
55% fewer test results would fall above the URL.

The most recent RI studies (Tables 3 and 4) were per-
formed using assays traceable to the 2nd (75/502) or the 3rd 
WHO (11/234) total IgE standard. The assigned value of the 
current 3rd WHO reference material established in 2014 
(11/234) was demonstrated to closely match the 2nd WHO 
standard (75/502), established over three decades ago in 
1980 [4]. In addition, EQA scheme results show that cur-
rently used immunoassays provide similar results, with the 
possible exception of the Hycor HytecTM system which dis-
played somewhat lower levels compared to the other meth-
ods [5]. However, none of the investigated British and 

Table 4. R eference intervals provided in the package insert by market leaders of total IgE analysis in Europe with information on the international reference 
preparation (IRP), type of upper limit and source of data.

Suggested RIs by package insert (kU/L)

Manufacturer Assay / Platform

Traceability as 
stated by package 

insert Adult Paediatric Percentile
Source of adult 

RIs
Source of 

paediatric RIs

Thermo Fisher ImmunoCAP [18] 2nd WHO (75/502) 
IRP, or the 3rd 
WHO (11/234) IRP

<114 0 − 6 w	 <2.3
6 w − 3 mo	 <4.1
3 − 6 mo	 <7.3
6 mo − 1 y	 <13
1 − 2 y	 <23
2 − 3 y	 <32
3 − 4 y	 <40
4 − 5 y	 <48
5 − 6 y	 <56
6 − 8 year	 <71
8 − 10 year	 <85

Geometric mean + 
1 SD

Zetterstrøm et  al. 
(1981) [27]

Bhalla et  al. 
(1982) [29]
Kjellman et  al. 
(1976) [26]

Roche 
Diagnostics

Cobas [24] 2nd WHO (75/502) 
IRP

<100 <1 y	 <15
1 − 5 y	 <60 
6 − 9 y	 <90
10 − 15 y	 <200

Not specified Dati et  al. (1982) 
[28]

Dati et  al. (1982) 
[28]

Abbott ARCHITECT c [25] 2nd WHO (75/502) 
IRP

<100 <1 y	 <15
1 − 5 y	 <60 
6 − 9 y	 <90
10 − 15 y	 <200

Not specified Dati et  al. (1982) 
[28]

Dati et  al. (1982) 
[28]

Siemens 
Healthineers

Advia Centaur [20] 2nd WHO (75/502) 
IRP

<158 <1 y	 <117.4
1 − 4 y	 <313.5
5 − 10 y	 <555.1
11 − 15 y	 <481.1

Adult: 95th 
percentile
Paediatric: 
Geometric mean + 
2SD

Internal 
non-published 
study (n = 103 
adults)

Internal 
non-published 
study (n = 109 
children)

Immunlite 2000 
[19]

2nd WHO (75/502) 
IRP

<87 0 − 1 y	 <29
1 − 2 y	 <49
2 − 3 y	 <45
3 − 9 year	 <52

95th percentile Not specified Not specified

Attelica [21] 2nd WHO (75/502) 
IRP

<158 <1 y	 <117.4
1 − 4 y	 <313.5
5 − 10 y	 <555.1
11 − 15 y	 <481.1

Adult: 95th 
percentile
Paediatric: 
Geometric mean + 
2SD

Internal 
non-published 
study (n = 103 
adults)

Internal 
non-published 
study (n = 109 
children)

BN II Nephelometer 
[22]

WHO-standardized 
determination of 
IgE (unspecified)

<100 Neonates	 <1.5 
< 1 y	 <15
1 − 5 y	 <60
6 − 9 y	 <90

Not specified Dati et  al. (1982) 
[28]

Dati et  al. (1982) 
[28]

Beckman 
Coulter

IMMAGE Immuno 
chemistry systems 
[23]

2nd WHO (75/502) 
IRP

<165 Not provided Adult: 95th 
percentile

Internal 
non-published 
study (n = 134 
non-allergic 
adults)

--
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Scandinavian laboratories in our study were found to use 
the Hytec HycorTM total IgE method. It would therefore be 
reasonable to assume the trueness of total IgE-measurements 
would be well-managed and unlikely to cause of the large 
differences in the reported RIs.

It must however, be considered that there may be marked 
differences in circulating total IgE levels between different pop-
ulations. In a large study of n = 13 883 individuals from 37 cen-
tres Burney et  al. found a 2 – 3 fold difference in the geometric 
means between different European countries [48]. Iceland, 
Sweden and Norway displayed the lowest levels, whilst Ireland, 
Italy, France and Greece displayed the highest levels. Factors 
such as smoking status, ethnicity, socioeconomic status, obesity 
and level of alcohol consumption have been shown to affect the 
circulating total IgE levels [6, 49]. Complicating matters further, 
environmental factors such as occupational dust or gas exposure 
have also been found to be independent predictors of higher 
total IgE levels [50]. The many influencing factors of circulating 
total IgE levels should be taken into account both in the selec-
tion of RI study participants and in the interpretation of pub-
lished RIs. Moreover, these factors would likely make a global 
harmonisation of total IgE RIs unfeasible. Nevertheless, further 
efforts are recommended towards harmonising both paediatric 
and adult total IgE RIs provided by medical laboratories inves-
tigated in our study.

Strengths and limitations of the study

The study had a response rate of 71% which may be consid-
ered a good response rate for an unsolicited survey. For 
Norway, the study was able to provide a complete set of RIs 
and for the other Scandinavian countries the study includes a 
near-complete set of RIs by laboratories providing medical 
testing of total IgE. Only laboratories accredited by ISO15189 
were included. However, data from 2016 by Boursier et  al. 
showed at least 80% of medical laboratories in the UK and 
88% in Sweden had received ISO 15189 accreditation, and 
further laboratories were at the time working towards accred-
itation [51]. Our survey is therefore able to provide a com-
prehensive representation of currently utilised total IgE RIs in 
these Northern-European countries. A limitation is that we 
were in most cases unable to collect exact documentation of 
the traceability in regard to the sources of RIs used by the 
reporting laboratories. However, in most cases identification 
could with high likelihood be achieved on the basis of the 
age-stratification and the RIs themselves being identical to a 
handful of known sources, either the RI sets provided by the 
manufacturer [18–25] or from regional RI studies [35,36]. 
Furthermore, we did not have information on whether labo-
ratories had verified their RIs prior to implementation.

Conclusion

In this study we demonstrate large variations in currently uti-
lised total IgE RIs by Norwegian, Swedish, Danish and British 
accredited laboratories in which most report upper reference 
limits markedly lower than those recommended in recent RI 
publications. It appears likely that many laboratories have not 

performed verification investigations when transferring RIs 
from the manufacturers’ package inserts. We therefore recom-
mend that laboratories critically review their total IgE RIs and 
their selected age-strata for paediatric RIs and consider updat-
ing these in accordance to more recent publications. On a 
final note, this study may serve as a reminder and underpin 
the general importance of performing smaller scale verifica-
tion studies when transferring RIs provided by the manufac-
turers’ package inserts or from the literature in general.
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