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To the Editor: During a workshop concerning the histopath-
ological characteristics of insulitis in human type 1 diabetes
(fifth annual meeting of the JDRF Network for Pancreatic
Organ Donors with Diabetes [nPOD], 10 February 2013,

Jacksonville, FL, USA), a consensus opinion was reached
on the criteria necessary for the diagnosis of insulitis, and a
definition of insulitis was agreed, as detailed in the text box.
Workshop attendees included many leading researchers in the
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field of beta cell biology and the pathology of human type 1
diabetes.

Consensus definition of insulitis

Patients with insulitis are defined by the presence of a
predominantly lymphocytic infiltration specifically
targeting the islets of Langerhans. The infiltrating cells
may be found in the islet periphery (peri-insulitis), often
showing a characteristic tight focal aggregation at one pole
of the islet that is in direct contact with the peripheral islet
cells. The infiltrate may also be diffuse and present
throughout the islet parenchyma (intra-insulitis). The lesion
mainly affects islets containing insulin-positive cells and is
always accompanied by the presence of (pseudo)atrophic
islets devoid of beta cells. The fraction of infiltrated islets is
generally low (<10% of islet profiles). The lesion should be
established in a minimum of three islets, with a threshold
level of ≥15 CD45+ cells/islet before the diagnosis can be
made. The pathology report should include the total num-
ber of islets analysed, the fraction of islets affected by
insulitis, the fraction of (pseudo)atrophic islets, and a de-
scription of the spatial relationship of the infiltrate to the
insulin-positive islet cells

Insulitis has, historically, been considered an inflammatory
lesion of the islets of Langerhans, present in most children with
recent-onset (<1 year duration) type 1 diabetes as well as those
subject to a rapid disease course [1, 2]. Together with the
presence of circulating autoantibodies directed against islet cell
antigens, the predominantly lymphocytic infiltrate has been
regarded as strong evidence for an (auto)immune aetiology
of the disease [3]. However, despite its presumed central role in
beta cell destruction, the lesion is not well studied in patient
material. Only 150–200 cases of insulitis have been described
over the past century and very few of these cases have been
analysed in depth and with current methodologies. In a recent
meta-analysis it was found that 73% of children with recent-
onset (<1 month duration) type 1 diabetes, between 0 and
14 years of age, showed insulitis compared with only 29% of
15–39 year-old recent-onset patients [4, 5]. In contrast to the
robust lesion observed in the NOD mouse model, insulitis in
type 1 diabetic patients is often mild with respect to both the
number of infiltrating cells [6] and the fraction of islets show-
ing infiltration (<10%) [4]. In addition, residual insulin-
positive islets remain present in a majority of type 1 diabetic
patients, even up to 50 years following diagnosis [7–9].

One of the primary, if not the most difficult, challenges to our
understanding of the pathogenesis of type 1 diabetes is the
comparison between histopathological studies of type 1 diabetic
patients, a facet complicated by the lack of a consensus defini-
tion of insulitis. Indeed, not only are there multiple differences
between the immunophenotyping markers that are used to

identify insulitis, but also and especially, multiple different
thresholds are used to distinguish between insulitis and back-
ground inflammatory infiltrates. For these reasons, the work-
shop participants considered it essential to agree on a consensus
definition for this lesion and to identify quantitative and quali-
tative variables that characterise insulitis in type 1 diabetic
patients. As part of this effort, it was decided that the definition
should use variables that can be employed in a routine clinical
histopathological setting to permit widespread application.

There was general agreement among participants that the
majority of infiltrating cells in recent-onset type 1 diabetes
would be of a lymphocytic nature and, in most cases, would
have a predominantly CD3+CD8+ phenotype [6, 9] (Fig. 1).
However, in view of the reportedly high B lymphocyte
(CD20+) content of inflamed islets in the more advanced
stages of insulitis [6], it was agreed that the diagnosis of
insulitis might be best based on immunohistochemical posi-
tivity for leucocyte common antigen (CD45+).

Fig. 1 Immunohistochemistry for leucocyte common antigen CD45+

showing insulitis in human islets of Langerhans. A threshold of 15
CD45+ cells is proposed to define insulitis in individual islets. (a) Islet
in the pancreatic body region of a 12-year-old boy with type 1 diabetes of
1 year’s duration (case nPOD 6052), showing 249 CD45+ nucleated cells
(brown) surrounding and infiltrating the islet (islet periphery outlined in
red on the basis of a consecutive slide stained for islet hormones; single
colour peroxidase staining). (b) Islet in the pancreatic tail region of a
66-year-old woman with type 1 diabetes of 20 years’ duration (case
BCBB 3450), showing 49 CD45+ nucleated cells (red) surrounding and
infiltrating the islet (insulin staining in green; two colour immunofluo-
rescence staining). Scale bars, 50 μm
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As discussed above, it was also recognised that different
studies dealing with histopathological changes in the type 1
diabetic pancreas have used different thresholds to define
insulitis. These thresholds range from two to 15 CD3+ or
CD45+ cells adjacent to or infiltrating the islet [6, 9–14]. How-
ever, recent observations in a cohort of 363 non-diabetic donor
pancreases indicate that the level of background infiltration in the
pancreatic parenchyma is highly variable and dependent on the
clinical conditions surrounding organ retrieval, with the highest
levels of infiltration observed in patients with a prolonged dura-
tion of life support [15]. Therefore, it was generally agreed that
the threshold level should be substantially higher than the highest
levels found in published controls; a level of 15 CD45+ cells
(approximately twice the highest number of CD45+ cells found
in a single islet in a cohort of 62 control donor pancreases [14])
was accepted as a suitable threshold (Fig. 1), with the view that
multiple islets should show this level of infiltration before a
diagnosis of insulitis can be made for the patient under study.
In this context, ‘multiple’ was defined as three or more with a
standard islet size. While this standard islet size was not
discussed at length in the workshop, it was pointed out in
subsequent discussions between the authors of this letter that
the standard islet diameter, in the context of human islet trans-
plantation, is 150μm. Furthermore, endocrine cell numbers may
be used to distinguish islets from cell clusters [16].

There was general consensus that recent-onset and chronic
type 1 diabetic patients almost always present with a variable
fraction of (pseudo)atrophic islets devoid of beta cells [2, 17].
This lesion is therefore a hallmark of type 1 diabetes and
should be present when a diagnosis of insulitis is made. Such
(pseudo)atrophic islets may be found close to the inflamed
islets orwithin any of the other tissue blocks examined. Indeed,
they often constitute a significant part of the islet population in
patients with a clinical diagnosis of type 1 diabetes [2].

Although most of the published literature stresses that
insulitis is almost always found in islets in which residual beta
cells are present [2, 17], it was pointed out at the workshop
that these published studies are predominantly based on au-
topsy material and that recent efforts utilising material from
type 1 diabetic organ donors indicate that the lesion may be
more frequent in (pseudo)atrophic islets than previously
recognised [9, 10]. The consensus definition therefore states
that the lesion ‘mainly’ affects islets containing beta cells.
With this background, we therefore propose the consensus
definition of insulitis detailed in the text box.
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