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Abstract

Background and aim Anti-ZnT8 antibodies (ZnT8A)

were recently proposed as a new independent serological

marker in Type 1 diabetes (T1D), leading to a significant

improvement of the positive predictive value of autoanti-

body measurement in this setting. The aim of this retro-

spective multicentre study was to investigate ZnT8A as a

complement to the current T1D autoantibody assays in a

large cohort of paediatric Italian patients.

Methods ZnT8A were assessed by ELISA in 213 T1DM

paediatric patients referred to six different centres in North-

East Italy. Fifty-four were analysed at disease onset, 79

within 4 years from diagnosis and 80 after 5 or more years

from diagnosis. Retrospective data about islet cell

autoantibodies (ICA), anti-insulin (IAA), anti-glutamate

decarboxylase (GADA) and anti-protein tyrosine phos-

phatase IA-2 (IA-2A) antibodies were collected and

compared.

Results Overall, ZnT8A showed positive results in

106/213 (49.8 %) T1D patients and were found in 10

(4.7 %) subjects previously classified as autoantibody

negative based on the existing markers (GADA, IA-2A,

IAA and ICA), increasing the overall diagnostic sensitivity

from 85.9 to 90.6 %. ZnT8A disclosed the same sensitivity

(61.1 %) at disease onset as GADA (61.1 %) and higher

than IA-2A (53.7 %), with only GADA showing much

persistence in the long-term follow-up. Focusing on

patients at disease onset, all the ICA positive were asso-

ciated with at least one positive autoantibody among

GADA, IA-2A and ZnT8A, 16.7 % of whom presenting

only anti-ZnT8-positive antibodies.

Conclusion This study confirms ZnT8A as an important

additional and independent diagnostic marker of T1D and

supports its introduction in the routine diagnostic process

to replace less sensitive methods and improve the overall

autoantibody sensitivity.

Keywords Autoimmune diabetes � Autoantibodies �
Anti-ZnT8 antibodies � Paediatrics � Sensitivity

Introduction

Type 1 diabetes (T1D) is a complex, multifactorial

disease caused by the selective destruction of the

insulin-producing pancreatic b cells [1]. The appearance
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of cellular and humoral islet cells autoimmunity is the

hallmark of the disease process, and a number of b cell

proteins are known to be targets of autoreactive B and

T cells. Identification of these molecular targets pro-

vided pivotal insight into the pathogenic process,

diagnostic assays and potential therapeutic strategies

[2].

The best-known serological markers of T1D are

autoantibodies to islet cell antigens (ICA) [3], such as anti-

insulin (IAA) [4], anti-glutamate decarboxylase (GADA)

[5] and anti-protein tyrosine phosphatase (PTP)-like anti-

gen IA-2 (IA-2A) [6] antibodies. These biomarkers are

evidence of the autoimmune process that precedes the

clinical onset of T1D and the histological determination of

ICA or the combined measurement of IAA, GADA and IA-

2A can identify 80 % or more of patients at disease onset

or at risk of developing disease [7].

Recently, a new, high-ranking diabetes autoantigen

was identified in the zinc transporter protein 8 (ZnT8 or

SCL30-A8) [8, 9]. Zinc transporter (ZnT) proteins of the

SCL30 (solute carrier family 30) gene family regulate

zinc efflux from the cytoplasm to the extracellular matrix

or into intracellular vesicles. ZnT8, a polytopic integral

membrane protein, is mainly expressed in the endocrine

pancreatic tissue and is responsible for the very high

level of zinc accumulation in the insulin secretory gran-

ules [10]. The gene encoding for ZnT8 maps to chro-

mosome 8q24.11 and presents a polymorphism at

position 325 (Arg325Trp) [11], which could influence

also the development of ZnT8 immunogenicity and the

phenotypic features of paediatric T1D [12, 13] and adult-

onset type 2 diabetes [14], indicating that this amino acid

substitution has the critical role in antibody binding [15].

The ZnT8 represent a major player to provide zinc for

insulin maturation and/or storage processes in insulin-

secreting pancreatic b-cells [10]. Therefore, antibodies

against ZnT8 may affect several important processes,

such as insulin synthesis, storage, secretion, and may

impair islet cell paracrine/autocrine communication as

well [10].

The combined measurement of ZnT8A, GADA, IA-

2A and IAA raised diabetes autoimmunity detection rates

to 98 % at disease onset, a level that approaches that

needed to detect pre-diabetes in general paediatric pop-

ulation [9]. Furthermore, ZnT8A and IA-2A were

recently associated with childhood-onset and acute-onset

patients [16].

The aim of this multicentre study was to evaluate the

diagnostic impact of ZnT8A investigation at disease onset

and in the follow-up, as a complement to the common

diabetes autoantibodies in a large cohort of ‘‘real-life’’

paediatric diabetic patients referred to North-East Italy.

Methods

This retrospective study was conducted in 213 T1D pae-

diatric patients (45.7 % females and 54.3 % males, mean

age 11.5 ± 4.2 years): 54 at disease onset, 79 within

1–4 years after diagnosis and 80 at C5 years from diag-

nosis. Patients referred to six different centres in North-

East Italy and were compared with 110 age and sex-mat-

ched controls (48.2 % females and 51.8 % males, mean

age 9.6 ± 4.9 years) recruited at the Clinic of Pediatrics in

Udine, among ambulatory patients. Informed consent was

obtained from all individuals included in the study. ZnT8A

were analysed in patients and controls by enzyme-linked

immunosorbent assays (ELISA; Dia.Metra Srl, Milan,

Italy) in serum aliquots obtained from blood samples

required for other necessary laboratory analyses and stored

at -80 �C until analysis. As regards the control population,

diabetes and/or family history of diabetes, and the most

frequently diabetes-associated autoimmune disease (i.e.

coeliac disease, Hashimoto’s thyroiditis) were excluded.

GADA and IA-2A were analysed by diagnostic ELISA

methods in all patients. IAA were analysed by ELISA

(Orgentec Diagnostik, Mainz, Germany) in 131 cases and

retrospective data about ICA investigated by indirect

immunofluorescence (IFI) test on cryostat primate’s pan-

creas (IMMCO, Buffalo, NY) were available in 130 cases.

Statistic analyses were performed using the Graph Pad

Prism and Instat softwares (San Diego CA), considering

significant differences when p\ 0.05.

Results

Considering the cut-off suggested by the manufacturer

([15 AU/ml), positive ZnT8A were found in 106/213

(49.8 %) T1D patients versus 3/110 (2.7 %) controls

(Mann–Whitney’s t test, p\ 0.0001, Fig. 1). At the cut-off

[15 AU/ml, the ROC curve plotting our patient versus

control data showed a sensitivity of 97.3 % and a specificity

of 50.7 % (see supplementary data). All the three positive

control sera disclosed clear-cut positive ZnT8A, in two of

them (respectively, 178 and 215 AU/ml), all the other

autoantibodies were negative, while the one with the highest

ZnT8A concentration (1554 AU/ml) presented also high

positive GADA and IA-2A, suggesting to be a child at high

risk to develop diabetes in the next 5 years. In all the other

control sera, ZnT8A resulted undetectable. As indicated by

the ROC curve, when lowering the cut-off to[10 AU/ml,

we increased the overall sensitivity up to 60 %, without

loosing specificity. Among these 22 cases with ZnT8A

between 10 and 15 AU/ml, only three were not associated

with other autoantibodies. No patients showed detectable
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ZnT8A below 10 AU/ml. ZnT8A prevalence tended to be

higher in younger patients, accounting for 56.3 % (18/32)

among 0–6 years subgroup, 48.7 % (37/76) among

7–12 years subgroup and 48.6 % (51/105) among

13–18 years subgroup, but the differences were not statis-

tically significant.

The sensitivity of ZnT8A at disease onset was 61.1 %

(similar to that showed for GADA) and remained sub-

stantially stable in patients analysed after one up to 4 years

from diagnosis (56 and 59.3 %), then dropped down sig-

nificantly in patients C5 years from diagnosis (33.8 %;

Fig. 2a). IA-2A showed a very similar behaviour (Fig. 2b),

while GADA showed higher sensitivity in patients within

1 year from diagnosis and longer persistence after

C5 years from diagnosis (Fig. 2c).

Data about IAA analysed by ELISA were available in

131 cases. Overall, 41/131 (32.1 %) disclosed positive

results. In the subgroup at onset (29 patients), only two

(6.9 %) presented low-positive IAA. Since the ELISA for

IAA detection showed this extremely low sensitivity at

disease onset, and was not able to distinguish antibodies

against exogenous and endogenous insulin in the follow-

up, comparisons and correlations between ZnT8A and IAA

were not taken into major consideration in this study.

A disease onset, 6/54 (11.5 %) patients presented only

ZnT8A-positive antibodies (negative GADA, IA-2A and

IAA), only two of them associated with positive ICA.

Thus, thanks to ZnT8A assessment, at disease onset,

autoantibody-positive patients increased from 40/54

(74.1 %) to 46/54 (85.2 %). In the remaining cases

(C1 year from diagnosis), we found another four ZnT8A

isolated positive patients (only one with available data

about ICA IFI test, that was negative), increasing the

overall diagnostic sensitivity of the laboratory investiga-

tions from 85.9 to 90.6 %.

We finally analysed separately the 130 patients with

available retrospective data of ICA IFI investigation on

primate’s pancreas. In total, 46 (35.4 %) were reported as

GADA++ and IA-2A++ 
Upcoming onset?  

Fig. 1 ZnT8A in T1D patients

and control subjects. Overall,

patients showed positive anti-

ZnT8 autoantibodies in 49.7 %

(106/213) versus 2.7 % (3/110)

positive controls
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Fig. 2 Persistence of positive autoantibodies in the follow-up after

diagnosis. a The percentage of positive ZnT8A patients remained

substantially stable up to 4 years from diagnosis, then decreased

significantly in patients analysed C5 years from diagnosis (79/133,

59.4 % within 4 years versus 27/80, 33.8 % in C5 years patients;

*p = 0.0004, 95 %CI 1.61–5.12, OR 2.87). b Similarly, IA-2A

positivity picked 1 year from diagnosis and dropped significantly

C5 years from diagnosis). c The prevalence of positive GADA was

very high 1 year from diagnosis, then slightly decreased remaining as

high as at disease onset in patients analysed C5 years from diagnosis
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positive. In contrast, 75 (57.7 %) were GADA positive, 57

(43.8 %) IA-2A positive and 60 (46.2 %) ZnT8A positive.

Thus, the global sensitivity of ICA was much lower than

those of the individual autoantibodies. Furthermore, as

illustrated in Table 1, a significant percentage (66/84,

78.6 %) of patients classified as ICA negative were posi-

tive for at least one of the other autoimmune biomarkers,

while only four patients (4/46, 8.7 %) were found to be

autoantibody negative among the ICA-positive cases. Of

note, when focusing on the 35 patients analysed at disease

onset, all (100 %) the 12 ICA-positive patients were

associated with at least one positive autoantibody among

GADA, IA-2A and ZnT8A, and among the 23 ICA-nega-

tive patients, seven (30.4 %) recognised at least one posi-

tive autoantibody, that was ZnT8A in three cases (Table 1).

Thus, the positive predictive value of the combination of

all the specific autoantibody investigations, especially

when including also ZnT8A, appeared much higher than

that of the ICA IFI test.

Discussion

This large Italian multicentre retrospective study confirmed

the important improvement associated to the introduction of

the ZnT8A detection in the real-life laboratory diagnostic

process of paediatric T1D. The sensitivity at disease onset

(61.1 %) and the specificity (97.3 %) of the ZnT8A assay in

our series of paediatric T1D were in line with previous

studies [9, 17, 18] and comparable with those of the other

major known diabetes autoantibodies, confirming the ana-

lytical robustness and the clinical usefulness of this test and

supporting its widespread integration in other Italian labo-

ratories. When setting the cut-off slightly lower than sug-

gested by the manufacturer (i.e. \10 AU/ml instead of

\15 AU/ml), the overall sensitivity of the test increased

significantly, without loosing any specificity. Therefore,

ZnT8A values between 10 and 15 AU/ml deserve to be

mentioned as ‘‘borderline’’ in the medical report, eventually

suggesting to repeat the analysis. Concerning the positive

control sera, the one associated with GADA and IA-2A may

be surely considered at high risk for T1D development in

the near future, but also the others, showing lower, but

clear-cut positive ZnT8A, deserve to be closely followed

for a possible future development of diabetes.

Human ZnT8 is specifically expressed not only in the

pancreatic b-cells, but also in the follicle epithelial cells

and in the parafollicular cells of the thyroid gland [19], and,

very recently, anti-ZnT8 antibodies cross-reacting with

mycobacterium avium paratuberculosis were found to be

highly common in Hashimoto’s Thyroiditis (HT) from

Sardinia [20]. So that, positive ZnT8A controls should also

be screened for HT development.

In agreement with another Caucasian series of T1D

children [17], the prevalence of ZnT8A remained sub-

stantially stable in patients up to four years from the clin-

ical diagnosis, but then showed a significant decrease, and

the ZnT8A remained finally appreciable in approximately

34 % of patients evaluated C5 years from diagnosis. Thus,

ZnT8A, as assessed by this commercial ELISA, disclosed

the same sensitivity at disease onset as GADA and slightly

higher than IA-2A, with only GADA showing much per-

sistence in the very long follow-up.

In our series, the prevalence of ZnT8A tended to be

higher in young children versus teenagers, but the differ-

ence was not statistically significant. The relationship

between ZnT8A and age is actually controversial since in

Chinese children, ZnT8A prevalence was lower in older

patients [21], while in a very large Finnish study ZnT8A

positivity was associated with older age at diagnosis [22].

Anyway, we definitely confirmed ZnT8A as a reliable

marker of diabetes autoimmunity, either independently, in

a significant fraction of previously defined autoantibody-

negative subjects, or in conjunction with other autoanti-

bodies, increasing the overall diagnostic performance as

well as the positive predictive value of the laboratory

Table 1 Prevalence of specific autoantibodies in ICA-positive (ICA?) and ICA-negative (ICA-) patients

No. GADA? (%) IA-2A? (%) ZnT8A? (%) autoAbs negative Only ZnT8A?

All patients (no. 130)

ICA? 46 52.2 58.7* 43.5 4 (8.7 %) 4 (8.7 %)

ICA- 84 60.7 35.7* 47.6 18 (21.4 %) 5 (5.9 %)

At onset patients (no. 35)

ICA? 12 50 66.7 83.3 0 (0 %) 2 (16.7 %)

ICA- 23 52.2 39.1 52.2 7 (30.4 %) 3 (13 %)

In the overall series of patients with available data about ICA IFI investigation, GADA- and ZnT8A-positive patients did not differed

significantly in ICA? and ICA- subjects, while IA-2A were more prevalent in ICA? (*OR 2.56, 95 % CI 1.22–5.35, p = 0.016). Of note, only

4/130 (3.1 %) were positive only at ICA investigation versus 5/130 (3.8 %) positive only at ZnT8A investigation. When considering only

patients at disease onset, ICA? cases were completely intercepted by at least one positive autoantibody among GADA, ZnT8A and IA-2A.

Furthermore, the ZnT8A contribution allowed to detect 3/35 (8.6 %) of patients who previously were classified as all negative (ICA and specific

autoantibodies)
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investigations. The assessment of ZnT8A as a complement

of the current T1D bioanalysis appears of added impor-

tance when considering that IAA by ELISA and ICA IFI

test, at least when performed by the methods that are

currently available in our laboratory, presented several

technical limitations and did not show a valuable impact on

the diagnostic process. IAA by radioimmunometric meth-

ods can only be performed in a reference diabetic centre,

due to the high cost and the specific needs of this method

[23]. Similarly, ICA by IFI on primate’s tissue, that is not

the gold standard method for ICA investigation, but that is

hardly assessable on human tissue in real practice, pre-

sented, in our series, a much lower sensitivity if compared

to the individual antibodies and more to the combination of

all the specific autoantibodies.

Of note, in the present series, when adding ZnT8A

investigation, IAA and ICA never represented the sole

autoantibody positivity at disease onset. Thus, when

introducing ZnT8A as a complement of the current

biomarkers, the overall diagnostic performance of the

serological tests increased significantly, possibly rendering

IAA and ICA excludable without loosing sensitivity.

Therefore, considering the low sensitivity, the subjec-

tivity, the cost and the limitations of ICA IFI investigation

on primate’s pancreas, ZnT8A may represent a valid

replacement of this assay at disease onset in paediatric

patients. Of note, ZnT8A were even proposed as IA-2A

replacement in Indian T1D patients, without loss of sen-

sitivity and specificity [18].

In conclusion, ZnT8A investigation is currently per-

formed only in a limited number of Italian laboratories, but

our present data support a wider diffusion and lead us to

propose the combination of GADA, IA-2A and ZnT8A as

the most powerful and cost-effective diagnostic approach

in paediatric T1D patients at this moment.
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