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Abstract The QUANTA Flash� CTD Screen Plus is a chemiluminescent immunoassay (CIA) for the detection of the major

antinuclear antibodies (ANA) on the BIO-FLASH� platform. NOVA View� is an automated fluorescence microscope that

acquires digital images of indirect immunofluorescent assay (IFA) slides. Our goal was to evaluate the clinical performance of the

two automated systems and compare their performance to that of traditional IFA. Sera from patients with systemic autoimmune

rheumatic diseases (SARD, n = 178), along with disease and healthy controls (n = 204), were tested with the CTD CIA and with

NOVA Lite� HEp-2 ANA, using both the manual method of reading the IFA slides and the NOVA View instrument. The CTD

CIA showed 78.1 % sensitivity for SARD, coupled with 94.1 % specificity. Manual IFA and NOVA View showed somewhat

higher sensitivity (81.5 and 84.8 % in SARD, respectively), but significantly lower specificity (79.4 and 64.7 %, respectively).

Both automated systems displayed somewhat different performance, due to the different principals of ANA detection: IFA with

NOVA View digital image interpretation had higher sensitivity, while the CTD CIA showed higher specificity. With the added

benefits of full automation, the new CTD CIA is an attractive alternative to traditional ANA screening.

Keywords Antinuclear antibodies � Chemiluminescent immunoassay � Indirect immunofluorescence � Solid phase assay �
Connective tissue disease � Systemic autoimmune rheumatic disease

Abbreviations

ALBIA Addressable laser bead assays

ANA Antinuclear antibodies

AMR Analytical measuring range

CIA Chemiluminescent immunoassay

CTD Connective tissue disease

LIA Line immunoassays

ROC Receiver operating characteristics

SARD Systemic autoimmune rheumatic disease

SLE Systemic lupus erythematosus

SjS Sjögren’s syndrome

SPA Solid phase assay

SSc Systemic sclerosis

UCTD Undifferentiated connective tissue disease

Introduction

Antinuclear antibodies (ANA) represent a hallmark in the

diagnosis of systemic autoimmune rheumatic diseases

(SARD) [1–4]. The presence of ANA is used as an aid in

the diagnosis of SARD such as systemic lupus erythema-

tosus (SLE), Sjögren‘s syndrome (SjS), systemic sclerosis

(SSc), idiopathic inflammatory myopathy (IIM), and mixed

connective tissue disease (MCTD) in conjunction with

clinical finding and other laboratory tests. Typically, ANA

have been detected by indirect immunofluorescence assay

(IFA) using HEp-2 cells as the substrate [4]. However,

performing IFA is labor intensive, subjective, and prone to

reader bias [5–9]. Many other variables affect the IFA

result such as the HEp-2 substrate, conjugate, microscope,

type of bulb, and bulb life [7, 10–14]. In recent years,

automated IFA readers have been developed to alleviate

these limitations of manual IFA testing and several studies
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have shown the benefits of the various automated systems

in the industry [15–22]. NOVA View is an automated

digital image analysis system, which is used for acquiring,

analyzing, and interpreting ANA testing on HEp-2 cells,

based on measured light intensity units (LIU) and pattern

recognition. Previous studies have also evaluated the per-

formance of ANA detection by enzyme-linked immuno-

sorbent assay (ELISA), fluorescence immunoassay (FEIA),

addressable laser bead assays (ALBIA), line immunoassays

(LIA), or immunoprecipitation to identify specific autoan-

tibodies in the sera [7, 12, 23]. Although the American

College of Rheumatology (ACR) recommends the detec-

tion of ANA by IFA on HEp-2 cells, the use of solid phase

assays (SPA) has recently become more popular due to

various new technologies with full automation [4, 24–27].

The QUANTA Flash� CTD Screen Plus is a fully auto-

mated chemiluminescent immunoassay (CIA) for the

qualitative detection of the major ANA on the BIO-

FLASH� platform, a rapid-response chemiluminescent

analyzer. The assay detects antibodies against dsDNA, Sm/

RNP, Ro52, Ro60, SS-B, Scl-70, centromere, Mi-2, Ku,

Th/To, RNA Pol III, Pm/Scl, PCNA, Jo-1, and ribosomal-

P. Our goal was to evaluate the clinical performance of the

two automated systems, NOVA View and QUANTA Flash

CTD Screen Plus, on a clinically characterized cohort and

to compare their performance to that of traditional IFA.

Materials and methods

Sera

Sera from patients with SARD (n = 178), including SLE

(n = 98, Rheumatology Clinic, Neuss, Germany), SjS

(n = 30, Bioreclamation Resources, Baltimore, MD, USA),

SSc (n = 30, Scripps Research Institute, San Diego, CA,

USA), and MCTD (n = 20, Scripps Research Institute, San

Diego, CA, USA), along with sera from disease controls

(n = 204), including rheumatoid arthritis (RA, n = 30,

Rheumatology Clinic, Neuss, Germany), infectious disease

(n = 28, ProMedDx, Norton, MA, USA), and blood donors

from apparently healthy individuals (n = 146, ProMedDx,

Norton, MA, USA), were tested with the QUANTA Flash

CTD Screen Plus (CTD CIA) and with NOVA Lite� HEp-2

ANA (both from Inova Diagnostics Inc., San Diego, CA,

USA), where the same technician read the IFA slides using

both the manual method and interpretation of digital images

captured by the NOVA View. The diagnoses were estab-

lished as described before [28] or according to the standard

disease criteria.

This study meets and is in compliance with all ethical

standards in medicine, and informed consent was

obtained from all patients according to the Declaration of

Helsinki.

QUANTA Flash� CTD Screen Plus

The QUANTA Flash CTD Screen Plus assay is a novel CIA

that is used on the BIO-FLASH� instrument (Biokit s.a.,

Barcelona, Spain), fitted with a luminometer, as well as the

hardware and liquid-handling accessories necessary to fully

automate the assay. The principle of the BIO-FLASH system

has recently been described [29, 30]. The QUANTA Flash

assay for this study was developed using recombinant Scl-70,

Jo-1, Ro52, Ro60, SS-B (La), centromere, RNA Pol III, Mi-2,

Ku, Th/To, PCNA, native Sm and RNP, synthetic Pm/Scl and

ribosomal-P peptides, and synthetic dsDNA coupled to the

surface of paramagnetic beads. Prior to use, the lyophilized

beads are resuspended using the resuspension buffer. A patient

serum sample is pre-diluted with the BIO-FLASH� sample

buffer in a small disposable plastic cuvette. Small amounts of

the diluted patient serum, the beads, and the assay buffer are

combined into a second cuvette, mixed and then incubated for

9.5 min at 37 �C. The magnetized beads are sedimented using

a strong magnet in the washing station and washed several

times followed by addition of isoluminol-conjugated anti-

human IgG and again incubated 9.5 min at 37 �C. The mag-

netized beads are sedimented and washed repeatedly. The

isoluminol conjugate is oxidized when sodium hydroxide

solution and peroxide solutions (‘‘Triggers’’) are added to the

cuvette, and the flash of light produced from this reaction is

measured as Relative Light Units (RLUs) by the BIO-

FLASH� optical system. The RLUs are proportional to the

amount of isoluminol conjugate that is bound to the human

IgG, which is in turn proportional to the amount of autoanti-

bodies bound to the antigen on the beads.

Table 1 Qualitative agreement between methods

Methods % PPA (95% CI) % NPA (95% CI) % TPA (95% CI) j (95 % CI)

CIA vs. manual IFA 70.1 (62.9–76.5) 89.7 (84.6–93.6) 80.1 (75.7–84.0) 0.60 (0.52–0.68)

CIA vs. NOVA view 59.6 (52.9–66.1) 88.7 (82.7–93.2) 71.7 (66.9–76.2) 0.45 (0.37–0.54)

NOVA view vs. manual IFA 96.8 (93.1–98.8) 78.5 (72.0–84.0) 87.4 (89.7–96.7) 0.75 (0.68–0.81)

PPA positive percent agreement, NPA negative percent agreement, TPA total percent agreement
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NOVA Lite� HEp-2 performed manually and with

NOVA View�

NOVA Lite� HEp-2 is an IFA for the screening and semi-

quantitative determination of ANA in human serum. The

NOVA Lite HEp-2 employs human epithelial cells as a

substrate. The presence of ANA can be used in conjunction

with other serological tests and clinical findings to aid in the

diagnosis of SARD. For this IFA, samples are incubated

with antigen substrate and unreactive antibodies are washed

off. The substrate is incubated with specific fluorescein-

labeled conjugate, and then, unbound reagent is washed off.

When viewed through a fluorescence microscope, autoanti-

body-positive samples will exhibit an apple green fluores-

cence corresponding to areas of the cell or nuclei where

autoantibody has bound. Results were graded from 0 to 4

according to the intensity (see also direction insert of the

kit); 4 = brilliant apple green fluorescence; 3 = bright

apple green fluorescence; 2 = clearly distinguishable

positive fluorescence; 1 = lowest specific fluorescence that

enables the nuclear and/or cytoplasmic staining to be clearly

differentiated from the background fluorescence; 0 = neg-

ative. The assay was performed at Inova Diagnostics

according to the direction insert by the same technician for

both the manual method and NOVA View. Therefore,

reactivity grades were given for both the manual reading

result and digital image analysis for NOVA View. However,

the NOVA View software also outputs light intensity units

(LIU), and each sample is interpreted as negative or positive

based on a preset cutoff. The automated scan is followed by

visual verification of the digital images, allowing for either

confirmation or revision of results by the operator. The

proprietary process produces three to five images per patient

sample. NOVA View software recognizes five basic pat-

terns: homogeneous, speckled, centromere, nucleolar, and

nuclear dots. Pattern recognition is based on a software

algorithm that analyzes the intensity and distribution of the

fluorescent light over the area of the nuclei based on specific
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Fig. 1 ROC analysis comparing different antinuclear antibody

(ANA) tests. a QUANTA Flash CTD Screen Plus chemiluminescent

immunoassay (CIA) compared to manual indirect immunofluores-

cence assay (IFA)-positive (n = 187) and IFA-negative (n = 195)

samples. b QUANTA Flash CTD Screen Plus CIA compared to

NOVA View-positive (n = 223) and NOVA View-negative

(n = 159) samples. c NOVA View compared to manual IFA-positive

(n = 187) and IFA-negative (n = 195) samples. QF QUANTA Flash.

Arrows indicate positive and negative agreements between methods
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criteria. Mixed patterns may not be recognized by the soft-

ware and may be reported as ‘‘unrecognized.’’ In these

cases, the final pattern is determined by the user during the

revision and confirmation of the digital images. Although

the LIU generated by the NOVA View system is not the

final result, the LIU values were used in the analysis for this

study as a scientific tool, since this quantitative result given

by the instrument offers better discrimination than the

grading scale (0–4), which uses categorical variables and

therefore offers lower resolution.

Statistical analyses

The data were statistically evaluated using the Analyse-it

software (Version 1.62; Analyse-it Software, Ltd., Leeds,

UK). Spearman’s correlation and Cohen’s kappa agreement

test were carried out to analyze the agreement between

portions, and p values \0.05 were considered significant.

Receiver operating characteristics (ROC) analysis was used

to analyze the discriminatory ability of different immuno-

assays. Differences between performance characteristics of

the assays were calculated using BDTcomparator as

described previously for all statistical methods [31, 32].

Results

Qualitative and quantitative agreements between

methods

QUANTA Flash CTD Screen Plus CIA was compared to

the results obtained by manual reading of NOVA Lite

HEp-2 slides and NOVA View digital image results.

Additionally, qualitative agreement between manual IFA

and NOVA View was also calculated. Moderate to good

qualitative agreements were found between the three

methods, with total percent agreements varying between

71.7 % (95 % CI 66.9–76.2 %, CIA vs. NOVA View) and

87.4 % (95 % CI 83.7–90.6 %, NOVA View vs. manual

IFA) (see Table 1). The correlation according to kappa

among methods ranged from moderate to substantial [33]

and data can be found in Table 1. ROC curve analysis

comparing CIA to manual IFA using manual IFA as the

reference method resulted in an area under the curve

(AUC) value of 0.86 (95 % CI 0.82–0.90) (see Fig. 1a).

Similarly, ROC curve analysis comparing CIA to NOVA

View results as reference method and NOVA View to

manual IFA can be found in Fig. 1b, c, respectively.

Clinical performance of the assays

The CTD CIA showed 78.1 % (95 % CI 71.3–83.9 %)

sensitivity for diagnosing SARD coupled with a specificity

of 94.1 % (95 % CI 90.0–96.9 %). Manual IFA had a

sensitivity of 81.5 % (95 % CI 75.0–86.9 %) and speci-

ficity of 79.4 % (73.2–84.7 %) and NOVA View digital

image results had a sensitivity of 84.8 % (95 % CI 78.7–

89.8 %) and specificity of 64.7 % (57.7–71.3 %) (see

Table 2). When analyzing the difference in clinical per-

formance between the CTD CIA and IFA methods for all

SARD and controls, the CTD CIA showed significantly

higher specificity (p \ 0.0001) than the two IFA methods,

while there was no significant difference between the

sensitivities in SARD. Additionally, positive and negative

likelihood ratios (LR) and odds ratio (OR) were calculated

for the methods and can be found in Table 2. Using ROC

curve analysis for the discrimination between SARD

patients and disease controls, the AUC values were 0.92

Table 2 Performance characteristics for QUANTA Flash CTD Screen Plus and NOVA Lite HEp-2 IFA performed both manually and with the

NOVA View system

QUANTA Flash

CTD Screen Plus

Manual

HEp-2 IFA

NOVA View

Digital

reading

Sensitivity in

SARD % (95 % CI)

78.1 (71.3–83.9) 81.5 (75.0–86.9) 84.8 (78.7–89.8)

Specificity %

(95 % CI)

94.1 (90.0–96.9) 79.4 (73.2–84.7) 64.7 (57.7–71.3)

Area under the curve

(AUC) (95 % CI)

0.92 (0.89–0.95) 0.86 (0.82–0.90) 0.85 (0.81–0.89)

LR? 13.3 3.3 2.4

LR- 0.23 0.23 0.23

Odds ratio 57.7 14.3 10.4

Sensitivity at 95.1 %

specificity (95 % CI)

76.4 (69.5–82.4) 68.5 (91.2–97.6) N/Aa

a Sensitivity for digital reading results is not available at this specificity level
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(95 % CI 0.89–0.95) for CIA, 0.86 (95 % CI 0.82–0.90) for

manual IFA, and 0.85 (95 % CI 0.81–0.89) for NOVA

View (See Fig. 2a). When analyzing the difference in the

CIA AUC value vs. the AUC values for the IFA methods, it

was found that CTD CIA had a significantly higher AUC

value than the IFA methods (p = 0.0016 between CIA vs.

manual IFA, p = 0.0005 between NOVA View vs. CIA).

In the individual disease groups, the CIA had higher sen-

sitivity in SjS, SSc, and MCTD (p value not significant for

these SARD groups combined), while IFA showed signif-

icantly higher sensitivity in SLE (p = 0.0055 between CIA

vs. manual IFA, p = 0.0036 between CIA and NOVA

View, see Table 3). To further analyze the higher

sensitivity of IFA vs. CIA in SLE, ROC curve analysis was

performed and showed that CIA had an AUC value of 0.93

(95 % CI 0.90–0.96), while manual IFA had an AUC value

of 0.92 (95 % CI 0.88–0.95) and NOVA View had an AUC

value of 0.91 (95 % CI 0.87–0.95) (see Fig. 2b).

Discussion

ANA represent a hallmark in the diagnosis of SARD [1–4].

Although the ACR recommends the detection of ANA by IFA

on HEp-2 cells, the use of SPA have recently become more

popular due to various new technologies with full automation

[4, 24–27]. During the last decades, several novel technolo-

gies have been developed for ANA detection including the

conventional ELISA, and more recently, LIA, FEIA, CIA, and

ALBIA assays [26, 27]. As ELISAs are only moderately fast

and labor intensive with assay times between 1.5 and 3 h, the

focus has lately shifted toward a decrease in assay time and

ease of use. This study is the first to evaluate the clinical

performance of the new QUANTA Flash� CTD Screen Plus

assay on a clinically characterized cohort and to compare its

performance to that of traditional IFA and NOVA View. Like

other assays on the BIO-FLASH [30, 34, 35], the CTD CIA

delivers results in as little as 30 min. The use of SPAs for ANA

screening is still subject for debate; some would recommend

that SPAs should be used in conjunction with traditional ANA

screening by IFA, while others have evaluated the option of

full replacement [4, 23, 25]. When comparing the CTD CIA

results to manual IFA, good qualitative agreement was found

with total agreement equal to 80.1 % (j = 0.60). This finding

holds promise that the CTD CIA could be used in conjunction

with or as an alternative to IFA for the detection of ANA and

thus the diagnosis of SARD. The CIA and IFA had similar

sensitivity among all SARD patients (78.1 vs. 81.5 %), but the

CIA had a much higher specificity (94.1 vs. 79.4 %,

p \ 0.0001, see Table 2). From ROC analysis among the

SARD patients and controls (Fig. 2), it can be demonstrated

that the CIA had a higher AUC than IFA (p = 0.0016 between

CIA vs. manual IFA, p = 0.0005 between NOVA View vs.

CIA). However, it is important to note that since the IFA-

grading result is 5 points (0–4), this limits the AUC obtained

by ROC analysis. When analyzing positive and negative LRs

and ORs, the CIA had a higher LR ? and OR than the IFA

(see Table 2). In the individual disease groups, the CIA had

higher sensitivity in SjS, SSc, and MCTD (p value not sig-

nificant for these SARD groups combined), while manual IFA

showed higher sensitivity in SLE (91.8 vs. 80.6 %,

p = 0.0055, see Table 3). However, after performing ROC

curve analysis in Fig. 2b, it was found that the curves were not

significantly different and therefore the higher sensitivity in

SLE is based on the cutoff selection, where the CTD CIA

shows significantly higher specificity (p \ 0.0001). The
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Fig. 2 Comparison of manual NOVA Lite HEp-2 IFA, QUANTA

Flash CTD Screen Plus, and NOVA View using receiver operating

characteristics (ROC) analysis. The ROC curves show the discrim-

ination between a SARD patients (n = 178) and controls (n = 204)

and between b SLE patients (n = 98) and controls (n = 204). Note:

The NOVA Lite HEp-2 IFA is a semiquantitative assay using both the

manual and automated NOVA View method (grades 0–4 were given

by operator). However, light intensity unit (LIU) values generated by

the NOVA View instrument were also plotted to show the discrim-

ination of the instrument as a scientific tool. No ROC analysis is

shown for the other SARD groups due to low sample numbers
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higher sensitivity in SSc is of particular interest since recently

developed SPA for ANA detections showed satisfactory

results in SLE, MCTD, and SjS, but lacked sensitivity in SSc

[3, 36, 37]. This major improvement might be attributed to the

inclusion of Rpp25 (Th/To) as one of the antigens in the novel

CIA. Rpp25 has recently been demonstrated to represent an

important autoantibody target in SSc patients [38, 39].

Although the SSc population in this study is small and future

studies are warranted for further validation, another recent

study also demonstrated high sensitivity in SSc for CTD CIA,

comparable in performance to IFA [40]. The most striking

difference in positivity in the control groups between CIA and

IFA was the healthy population (4.1 vs. 21.2 %, see Table 3).

It is desirable for a screening assay to have high sensitivity, but

at the same time maintain good specificity in the control

population (especially healthy individuals), to avoid costly

follow-up testing where it is not needed. This is of particular

importance in light of the recent change in referral patterns.

While in the 1960s, when the IFA test was introduced, only

rheumatologists and immunologists ordered ANA tests, but

there is a long and growing list of clinical disciplines ordering

ANA today. This change has tremendous impact on the pretest

probability and consequently the requirement for a more

specific ANA testing is increasing [41]. With the development

of automated digital imaging systems, such as the NOVA

View, some of the limitations of IFA HEp-2 have been

overcome [41, 42]. In our study, we confirmed the usefulness

of NOVA View in the interpretation of ANA testing showing

an 87.4 % agreement with the manual readings. In other

studies, the agreement between NOVA View and the manual

interpretations was even higher [43]. In our study, we did not

analyze the ability of NOVA View to recognize patterns since

this was not the scope of the study. Besides for diagnosing

SARD, IFA HEp-2 can also guide clinicians in the diagnosis

of other diseases such as autoimmune liver disease [41] or in

the follow-up of juvenile idiopathic arthritis patients. The

serum of patients with autoimmune hepatitis may contain anti-

smooth muscle (SMA), anti-liver/kidney microsomal (LKM-

1, LKM-2, LKM-3), anti-soluble liver antigen (SLA/LP), anti-

mitochondrial (AMA), or anti-SP100 antibodies which gen-

erate characteristic staining patterns in IFA. When switching

from ANA HEp-2 IFA to a SPA, clinicians need to be aware

that such non-SARD antibodies will not be detected. A sig-

nificant limitation of the present study is the lack of patients

with IIM. An additional limitation is the relatively small

number of patients with the individual forms of SARD.

Therefore, further studies are needed to validate the new CIA

in larger cohorts of all SARD subpopulations.

Conclusion

The new QUANTA Flash CTD Screen Plus CIA demon-

strated similar sensitivity, but significantly higher speci-

ficity compared with HEp-2 IFA. With the added benefits

of full automation, the new CIA is an attractive alternative

to traditional ANA screening.
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