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Abstract

Purpose of Review To provide an overview of studies that have detected enteroviruses (EV) in samples from people with type 1
diabetes (T1D), the techniques they have used, and which challenges they have encountered.

Recent Findings Recent studies have detected EVs in serum, blood, stools, nasal swabs, and pancreas of people with T1D before
or around clinical onset of disease, indicating that an association between EV infections and T1D exists. However, definitive
evidence for its role as disease triggers is lacking. Recent access to human samples is starting to provide the necessary tools to
define their role in disease pathogenesis. Emerging evidence suggests that chronic infections take place in the pancreas of diabetic
donors. However, the development of sensitive techniques able to detect low amounts of viral protein and RNA still constitute a
major challenge for the field.

Summary New evidence at the protein, RNA, and host immune response level suggests a role for EV infections in the devel-
opment of autoimmunity. In the upcoming years, new technologies, collaborative efforts, and therapeutic interventions are likely
to find a definitive answer for their role in disease pathogenesis.

Keywords Enteroviruses - Type 1 diabetes - [FN-response - Viral protein - Viral RNA

Abbreviations RT-PCR  Reverse transcription polymerase chain reaction
T1D Type 1 diabetes CVB Coxsackievirus

EV Enterovirus IFN Interferon

EVs Enteroviruses

AAb+ Autoantibody positive.
HLA-I  Human leukocyte antigen class I

ICI Insulin containing islet Introduction

IDI Insulin deficient islet

nPOD Network for Pancreatic Organ Enteroviruses (EV) are single stranded RNA viruses that be-
Donors with Diabetes long to the Picornaviridae family. It is estimated that they

ISH In situ hybridization cause 10-15 million symptomatic infections per year in the

USA alone [1]. The genus Enterovirus includes more than 100
serotypes; among them are important human pathogens like
polioviruses, coxsackieviruses A and B, echoviruses, and
This article is part of the Topical Collection on Other Forms of Diabetes ~ others [2]. These viruses are transmitted mainly via the respi-

and lis Complications ratory or the fecal-oral route and can be detected year-round
but tend to increase in the summer [3]. The seasonality of type
>4 Teresa Rodriguez-Calvo 1 diabetes (T1D) and its possible temporal association with

teresa.rodriguez@helmholtz-muenchen.de EV infections has also been analyzed. Temporal clustering of

Helmholtz Zentrum Muenchen, German Research Center for TID 1_nCIdence OVC.I‘ periods (?fa few rn.onths suggests that z?n
Environmental Health, Institute for Diabetes Research, Ingolstaedter infectious agent might contribute to disease development in
Landstrasse 1, 85764 Munich-Neuherberg, Germany susceptible individuals [4]. Several studies report peaks of
Institute for Diabetes Research, Heidemannstr. 1, T1D incidence in October to January and thorough June to
80939 Munich, Germany August for centers in the northern hemisphere [5, 6].
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However, the temporal association of EVs and T1D has been
hard to determine mainly due to the difficulties on sample
collection at short and frequent intervals following an acute
infection, and the uncertainty about the establishment of a
chronic infection in the pancreas that could lead to the devel-
opment of T1D. In addition, the conditions that favor a chron-
ic EV infection in the pancreas and could infer enough damage
to kill beta cells and/or activate the anti-viral immune response
are not known. Recent studies have found evidence for the
presence of EVs in the pancreas of newly diagnosed individ-
uals [7¢¢], but the number of studied samples is still too small
to draw strong conclusions. The inaccessibility of the target
organ usually directs researchers to more accessible samples
like blood, stools, and even isolated islets. In this review, we
will describe clinical samples in which EVs have been detect-
ed, the techniques used, and the recent evidence pointing to an
exacerbated host response to EV infection leading to the de-
velopment of T1D.

The Primary EV Replication Sites and Their
Association with T1D

Based on their transmission route and entry in the host, EVs
have two main replication sites, the gastrointestinal tract and
the respiratory tract [8], neither of which have been extensive-
ly investigated in the context of T1D. In an epidemiological
study on data recovered between 2000 and 2013, EV inci-
dence among those younger than 1 year was 34%. EVs were
detected most frequently in cerebrospinal fluid (55%), throat
swab (29%), and stool (15%) samples [3] suggesting that
these samples would be the most appropriate to detect an
active EV infection. There are contradictory studies regarding
the presence of EVs in the gut mucosa of people with T1D.
Oikarinen et al. analyzed small bowel mucosal biopsies from
120 subjects, of which 39 were from people with T1D (age:
18-63 years; diabetes duration: 0-38 years) and 41 from con-
trols (age: 23—76 years) [9+]. EV RNA positivity was found in
74% of T1D donors compared to 29% of controls by in situ
hybridization (ISH). It was mainly detected in the epithelial
cells of the villi and crypts but staining of the lamina propria
was occasionally seen. The presence of viral RNA was con-
firmed by RT-PCR in 19% of the people with T1D and in 10%
of the controls. In addition, the majority of subjects that were
positive for virus RNA by ISH were negative for the presence
of the viral protein VP1 by immunohistochemistry. Overall,
VP1 protein was found in 22% of people with T1D and in
22% of the controls, and it was observed in the epithelial cells
of the crypts. Conversely, Mercalli et al. did not detect EV
RNA by ISH or RT-PCR in any of the small intestine biopsies
from 25 individuals at different stages of T1D and 21 controls
[10]. Similarly, VP1 staining was only found in two controls
and one person with T1D. The differences observed in these
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two studies are striking and reveal important heterogeneity
between different cohorts and/or methods. The samples were
from distinct geographical cohorts, with slight differences in
their demographic characteristics. In addition, similar tech-
niques but different methods of detection were used, which
might have had different sensitivities.

In countries with good sanitary conditions, one would ex-
pect the respiratory route to be the main infection mode. The
respiratory tract is largely unexplored in the context of T1D
and most studies have focused on the detection of EVs in
serum or blood samples and their possible association with
respiratory infections. Similarly to the gastrointestinal tract,
studies in prospective cohorts have reported discordant re-
sults. While parent-reported early childhood respiratory infec-
tions in the Diabetes Autoimmunity Study in the Young
(DAISY) showed no association with islet autoimmunity
[11], respiratory infections were positively associated in two
European studies, the environmental triggers for type 1 diabe-
tes study (MIDIA) [12] and in a dietary intervention in chil-
dren at increased risk for type 1 diabetes (BABYDIET) [13].
In addition, data based on statutorily insured patients in
Bavaria, Germany, reported that respiratory tract infections
occurred in a similar percentage of children that developed
T1D and children who did not develop it (38.5 and 34.2%,
respectively) [14]. However, T1D risk was increased in chil-
dren who had a respiratory tract infection compared with chil-
dren who had no respiratory tract infections in the interval that
goes from birth to 2.9 months and between 3 and 5.9 months
of age. Similarly, The Environmental Determinants of
Diabetes in the Young (TEDDY) study reported that among
children (3 months to 4 years of age), the number of respira-
tory infection episodes within any 9-month period was asso-
ciated with the onset of islet autoimmunity within the 3 fol-
lowing months [15¢]. In this 9-month period, parents reported
common colds, influenza-like symptoms, sinusitis, and
laryngitis/tracheitis [15¢]. Moreover, the risk of islet autoim-
munity was very high when the respiratory infection episodes
occurred more often, and although the risk was detected dur-
ing the whole year, it was more pronounced for winter infec-
tions [15¢].

In light of these evidence, it would be extremely informa-
tive to determine the causative agent of each infection preced-
ing islet autoimmunity, as it will provide information about
possible single agents that create “multiple hit and run” sce-
narios or if there could be multiple viruses involved. Not all
these viruses would be able to reach the pancreas or infect beta
cells and most likely, not all of them would establish chronic
infections in the pancreas (Fig. 1a). Further analysis of sam-
ples from the gastrointestinal and respiratory tracts like
stools, nasal washes, or nasopharyngeal swabs, as well
as tissue collection at the time of organ donation would
be of interest for the T1D field and highlights a largely
unexplored line of investigation.
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Fig. 1 a EV spread from primary a
replication sites: EVs have two
main replication sites, the
gastrointestinal tract and the
respiratory tract. After an acute
infection in these tissues, EVs can
spread systemically and reach the
pancreas. Beta cells express CAR,
which facilities EV entry. After a
few beta cells are killed, the
activation of an anti-viral
response could contain the
infection. The virus could then
limit its replication in order to
avoid immune surveillance and
establish a chronic, low-grade
infection in the pancreas. b
Association of EV infection with
seroconversion: the incidence of
islet autoantibody seroconversion
has a peak at 9 months to 2 years
of age in children, which
coincides with the peak of
detection of EVs RNA [17¢e,
19ee, 20¢]

Detection of EVs in Prospective Cohorts:
Timing Might Be Everything

Virus detection in blood samples continues to be the most com-
mon method due to the larger accessibility to human samples
and the possibility to study prospective cohorts. However, other
samples like stools or nasal swabs are being incorporated into
study designs with the aim of increasing the chances of detecting
EV infections. In the DAISY study, the risk of progression to
clinical TI1D in the sample interval following detection of EV
RNA in serum was significantly increased compared with that of
intervals following a negative serum sample [16]. In the Finnish
type 1 Diabetes Prediction and Prevention (DIPP) study, EV
RNA was detected in 2.7% of the total number of serum samples
[17¢¢]. In case children, a total of 5.1% of the samples were
enterovirus RNA positive compared with 1.9% in control chil-
dren and it peaked during the 6-month period before the appear-
ance of the first autoantibody. Interestingly, in children who were
younger than 6 months of age, only 1% of the samples were

ACUTE

CHRONIC

ACUTE

Enterovirus RNA detection

T

AAD seroconversion

% of EV RNA positive samples

6 months 6-18 months 18-24 months 2 years > 2 years

Age

positive while this proportion increased to 3.5% at 6—18 months
and to 5% at age 18-24 months. Conversely, after the age of
2 years, the frequency decreased again to 4.3% and further to 2%
in children older than 2 years [17+] (Fig. 1b). Moreover, case
children had their first infection earlier than control children.
Similarly, in a recent analysis of longitudinal stool samples col-
lected from children who developed signs of autoimmunity and
matched controls, EV infections were detected more frequently
in case than in control children [18]. Children who developed
autoantibodies had, in addition, a higher number of EV infec-
tions more than 12 months before islet autoimmunity serocon-
version and most of these infections occurred before the age of
2 years. Collectively, these data bring forward two interesting
hypotheses: (1) the incidence of islet autoantibody seroconver-
sion has a peak at 9 months to 2 years of age in children, which
coincides with the peak of detection of EVs RNA [19¢e, 20°] and
(2) children that developed islet autoimmunity had more infec-
tious episodes and their first infection occurred earlier than in
children with no islet autoimmunity [17ee, 18].
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In an interesting and novel study, 44 longitudinally collect-
ed blood samples (from the DIPP study) from seven children
carrying HLA-genetic risk for T1D and who were EV positive
were analyzed with the aim of understanding the individual-
level transcriptomic changes associated with EV infections
and to characterize common features of EV responses in chil-
dren [21e¢]. Three of the children had fever around the time of
sample collection, were strongly EV positive by quantitative
RT-PCR, and had a clear interferon (IFN) response [21e¢].
Peripheral blood transcript levels of genes involved in antivi-
ral immune responses and especially IFN signaling were
enriched, particularly genes like interferon induced with
helicase C domain 1 (IF1H1), interferon regulatory factor 7
(IRF7), signal transducer and activator of transcription 1
(STAT1), STAT2, and myxovirus-resistance protein A
(MxA). This signature was comparable to that of pancreatic
islets and peripheral blood mononuclear cells (PBMCs) in-
fected in vitro with Echovirus 9 or two different CVB1 wild-
type strains [21e¢]. Of the four children with a strong IFN
response, two remained autoantibody negative, one became
positive for multiple autoantibodies afterwards, and the last
one was AAb+ and later developed T1D [21¢¢]. One impor-
tant point of this study is that the associated changes were
similar to those reported during an acute phase of virus infec-
tion in four of the children, while the rest had changes related
to the activation of adaptive immune responses. This could
reflect different stages of the immune response to the infec-
tion. Accordingly, previous studies have detected an increased
IFN-I-inducible transcriptional signature in peripheral blood
before the development of islet autoimmunity in samples tak-
en before and after the first T1D clinical manifestation [22,
23]. Differences in the quantity and quality of the response
might determine the outcome of the infection. Clearing the
virus or favoring the establishment of chronic infections could
decide the fate of beta cells and ultimately, the development of
T1D. Therefore, this type of studies could be of tremendous
importance to identify children at high risk of developing T1D
following an acute EV infection and to define signatures as-
sociated to both acute and persistent viral infections.

The EV Detection Challenge: Seeing Is
Believing?

The studies reported above highlight one of the main prob-
lems in the field of T1D: the detection of potentially low
amounts of virus protein or RNA in human samples. As of
today, the most common techniques to detect EVs are still RT-
PCR and immunohistochemistry. Indeed, the selection of ap-
propriate techniques for the detection of low amounts of RNA
or protein is not a simple matter, as the detection limit can vary
considerably, even between different laboratories using simi-
lar techniques. Laiho et al. studied the sensitivity of different
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techniques for CVB1 detection. Human A549 cells were in-
fected (multiplicity of infection: 10—15) and harvested at 1, 2,
4, and 5 h post-infection [24]. Then, dilution series that ranged
from 10" to 10~® were prepared. The semi-nested RT-PCR
was the most sensitive technique, detecting even the highest
dilution, while the real-time RT-PCR gave a positive signal at
the 10”7 dilution. Proteomics was the next most sensitive tech-
nique, reaching the same dilution, followed by immunohisto-
chemistry, which was able to detect viral protein up to the 10~
dilution, with variability between different antibodies. Lastly,
ISH detected virus dilutions of 10™* [24]. Despite the good
sensitivity of most of these techniques, one thing to keep in
mind is that EVs are able to establish persistent infections,
which are characterized (in vitro) by no evident cytopathic
effect, expression of viral antigens in a low number of cells,
production of viral particles at low titers, and secretion of
cytokines and chemokines [25+¢]. An important consideration
is that infected cell lines constitute an ideal testing sample and
the sensitivity of these techniques on tissue samples, and es-
pecially pancreas, is expected to be lower. RNA degradation is
also a major concern when analyzing pancreas samples and is
likely to impact the results obtained by techniques like ISH,
RT-PCR, and even sequencing. In a recent study, pancreas
RNA quality was determined in 236 samples from organ do-
nors collected through the Network for Pancreatic Organ
Donors with Diabetes (nPOD) [26]. Variables like cause of
death, length of hospitalization, lipase levels, tissue collection,
and storage as well as different pancreatic regions influenced
the quality of the RNA obtained from pancreas samples. RNA
degradation might, in some cases, explain potential discordant
results between the detection of viral protein and RNA. In the
Diabetes Virus Detection (DiViD) study, pancreatic biopsies
from living individuals with recent onset T1D were studied
[7¢¢]. The samples were collected under ideal conditions,
eliminating some of the potential variables known to cause
poor RNA quality. In these samples, viral protein was detected
in the pancreas from all the people with T1D that participated
in the study. However, viral RNA was not detected in two of
these six people and the four positive cases had low virus
titers. Partial EV sequences were identified but no specific
genotype could be determined [7+¢]. This illustrates how chal-
lenging the detection of low abundance RNA and protein in
the pancreas can be and how the use of optimized and stan-
dardize tissue collection and processing methods is key to
obtain high-quality data [26].

Host Response to Infection: the IFN-Signature
in T1D

As mentioned above, several studies have suggested that an
antiviral signature linked to the activation of interferon-
stimulated genes (ISGs) exists in T1D [22, 27-30]. To initiate
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this response, components of the viral particle need to be rec-
ognized by pattern recognition receptors like melanoma
differentiation-associated protein 5 (MDAS), retinoic acid-
inducible gene I (RIG-I), or toll-like receptor 3 (TLR3). Their
activation induces IFN-I production, which binds to the IFN
receptor (IFNAR) and creates a positive feedback loop, induc-
ing the production of more IFN-I [31]. It also activates specific
enzymes and transcription factors like STATS in order to estab-
lish an antiviral response through the activation of ISGs [32].
Primary pancreatic islets and exocrine cells respond to
Echovirus infection by upregulating the transcription of genes
like MDAS (recognition of viral genome), 2'-5'-oligoadenylate
synthetase 1 (OAS1) and IFN-I (antiviral response), and the C-
X-C motif chemokine 10 (CXCL10) and C-C chemokine li-
gand 5 (CCLS) (immune attraction) [33]. Human islets and
EndoC-fHI cells treated with IFN-o upregulate markers of
inflammation like STATs, IRF9, CXCL10, MX1, and HLA-I,
which contribute to ER stress and apoptosis [34]. Accordingly,
PCR-array data from insulitic laser-captured islets from the
people with T1D that participated in the DiViD study revealed
the upregulation of genes like interferon-induced guanylate-
binding protein 1 (GBP1), TLR3, OAS1, STAT1, CXCL10,
CCLS5, and caspase 1 (CASP1).

The existence of an exacerbated IFN-response in the islets
of people with T1D could attract immune cells to the islets and
could contribute to islet autoimmunity. In this context, any
insult that triggers an IFN response could cause islet inflam-
mation, and therefore, hypothetically, any virus (and not only
EVs) could contribute to beta cell demise. However, not all
viruses can infect beta cells. EVs are certainly able to do so
through their binding to the Coxsackievirus and adenovirus
receptor (CAR) [35] and decay accelerating factor (DAF) [36]
receptors. CAR is a transmembrane protein that is expressed
in both alpha and beta cells [37, 38¢] while there is no evi-
dence of the expression of DAF in human islets [39]. In addi-
tion, pliovirus receptor (PVR) and integrin ocv33 can also be
used for EV entry [40]. Accordingly, CBVs and Echoviruses
are able to effectively infect human islets, and some strains
are, in addition, able to replicate in the exocrine pancreas [33,
41]. In a recent study, the expression and distribution of CAR
isoforms in human pancreas have been described [42¢]. RNA
and protein extracted from human islets and EndoC-BH1 cells
revealed the expression of mainly two isoforms of CAR,
CAR-SIV, and CAR-TVYV, while the soluble CAR4/7 was less
abundant and the CAR3/7 and CAR2/7 isoforms were barely
present. CAR-SIV and CAR-TVYV, which differ only on the
sequence of their final aminoacids, retain the transmembrane
domain while the soluble forms exit the cell [42¢]. CAR-SIV
expression was restricted to beta cells in human pancreas and
isolated islets. It was localized in the cytoplasm, colocalized
with insulin, and was located in immature but mainly in ma-
ture secretory granules [42¢]. As expected, it was not present
in insulin deficient islets in the pancreas of T1D donors.

However, its expression in insulin containing islets from
T1D did not differ from that of non-diabetic or AAb+ [42°].
The absence of the CAR-SIV isoform in alpha cells might
explain why they seem to be protected from EV infections
and why beta cells might be their main target [43]. In a study
of 72 recent onset T1D pancreas, 61% of the people with T1D
had VP1-positive cells in some islets and these were all beta
cells [44+]. VP1 positivity highly correlated with protein ki-
nase R (PKR), which is upregulated in response to viral infec-
tions. In addition, VP1-positive islets hyperexpressed HLA-I
molecules but so did many insulin containing islets (ICIs)
without the presence of VP1. Whether HLA-I expression re-
flects an active islet EV infection or might be the consequence
of a former infection is not well understood.

HLA-I hyperexpression is a defining feature of T1D [45¢¢]. It
is induced upon stimulation of human islets with IFN-c and its
expression remains elevated for long time after the stimulus has
disappeared [46¢]. HLA-I hyperexpression is not present in the
islets of non-diabetic donors and seems to appear early in the
disease process, as it has been detected in non-diabetic donors
with two autoantibodies [47]. Its expression is not restricted to
beta cells and virtually all islet cells are able to hyperexpressed
HLA-IL In donors with T1D, it correlates with the amount of
remaining ICls and therefore, with disease duration [44¢] and it
has been observed in individuals with T1D that retained ICIs up
to 11 years after disease onset [45¢¢]. This suggests that HLA-I
hyperexpression is present as long as beta cells remain and tends
to disappear once beta cell destruction is completed and islet
inflammation has decreased. Although rare, HLA-I
hyperexpression can be seen in insulin-deficient islets (IDIs)
in the pancreas of donors with T1D. However, the islets are
three-dimensional structures and the presence of remaining beta
cells in other areas within the same islet cannot be excluded.
Additionally, HLA-I hyperexpression correlates to a certain ex-
tent with CD8 T cell infiltration [47] but, islets with high HLA-I
expression but no insulitis can be also found in the pancreas of
T1D donors, creating an intricate scenario. It is tempting to
speculate that an increase in HLA-I expression favors an islet
environment of high antigen presentation. This, together with
the secretion of pro-inflammatory molecules, creates a fertile
field for immune cells, which are attracted to the islets.
Autoreactive T cells might be present among these immune
infiltrates, and the islet microenvironment has the perfect con-
ditions for beta cell antigen presentation and recognition, acti-
vating these cells and ultimately leading to beta cell destruction.
Whether islet HLA-I expression is the direct consequence of a
viral infection and IFN-production needs further investigation.

New Strategies to Define the Role of EVin T1D

Ongoing efforts in the T1D research community are aiming to
identify which specific EVs are infecting patients before
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developing autoimmunity. Therefore, sequencing techniques
are becoming increasingly important. An excellent example is
the recent study by Honkanen et al., in which 66% of all EV-
positive stool samples were genotyped as part of the DIPP
study [48¢]. This revealed that the most common EVs were
coxsackie A viruses (CVA) with the A4 (28% of the samples),
A2 (14%), and A16 (11%) as main genotypes. Conversely, 11
and 10% contained a CBV or Echovirus, respectively. This is
in agreement with another birth cohort study that reported the
predominance of CVAs [49] but differs from other studies in
different geographical locations that reported a majority of
CVBs [50, 51]. This might reflect important differences in
the circulation of EVs in different populations or could be
explained by the nature of the sample analyzed. Even the order
of infections might decide the final outcome. Investigators in
Finland reported that CVB1 conferred risk for developing
autoantibodies only when it was the first serotype to infect
its host, whereas when CVB3 or CVB6 infection occurred
first, the risk of developing autoantibodies was lower [52].
Overall, this highlights the need to study large prospective
cohorts in which EV presence is analyzed in the serum, blood,
stool, and respiratory samples in order to identify EVs that
preferentially infect the respiratory or the gastrointestinal tract,
and where all the positive samples are genotyped with the aim
of detecting which EV is infecting each patient [48¢]. In addi-
tion, these studies should be conducted in different countries
to account for different environments and potentially different
viral species and susceptibility. Moving in this direction are
new RT-PCR methods, which are able to target several regions
of the EV genome. In a recent study by Genoni et al. [25¢¢],
primers directed to the virus 5'UTR, 2C and 3D regions were
designed and a new, highly sensitive RT-PCR was tested.
Plasma and blood leukocytes from healthy controls or people
with T1D, post-polio syndrome (PSP) or chronic viral cardio-
myopathy (CVC) were tested. In addition, leukocytes from
these people were co-cultured with permissive cell lines for
up to six passages [25+¢]. While the direct detection provid-
ed some positive results, the pre-culture step before RT-
PCR yielded a significant increase in sample positivity
indicating that the detection of low-replicating, persistent
viruses might need amplification methods before direct
detection is attempted on clinical samples. Similarly,
monoclonal antibodies against CVBs showed positive sig-
nal in about 0.1-2% of the cells co-cultured with leuko-
cytes from people with PPS, T1D, or CVC demonstrating
the existence of a low-grade infection in people with these
chronic disorders [25¢]. In light of these findings and the
potential presence of persistent infections in the pancreas
of people with T1D, only the combination of highly sen-
sitive molecular detection and identification together with
the clinical, epidemiological, and histopathological findings
is likely to provide a definitive answer about the role of
EVs as potential triggers of T1D.
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Conclusions

Many years have passed since in 1969, Gamble and col-
leagues reported the presence of higher titers of CVB antibod-
ies in people with T1D within 3 months of onset than in non-
diabetic or people with T1D with longer disease duration [53].
However, since then, despite multiple studies and analyzed
samples, there is still controversy in the field regarding its role
as potential triggers of T1D. Perhaps, this has nothing to do
with the true nature of their involvement in disease pathogen-
esis and it is based mostly on timing. As infections come and
go, whether we are able to detect them or not is highly de-
pending on the time of sample collection. Some viruses man-
age to stay longer and with sensitive techniques, we will be
able to determine their presence in the immediate future. We
have gathered evidence for the association of EVs and T1D
but we are still missing some important parts of the story.
Without them, it is unlikely that we will be able to determine
if this association is causal or if viruses might only contribute
to beta cell demise at the same level as other potential infec-
tious or inflammatory insults. nPOD might provide some of
the answers the field is eager to get through working groups in
which collaborative studies involve different laboratories with
unique expertise. The nPOD-virus group, created several
years ago [54, 55], has studied the presence of EV protein,
RNA, and the host anti-viral response in individuals with and
without T1D and will publish interesting results soon. There is
no doubt that it will open to field to new challenges. Only with
optimal study design, cutting edge techniques and collabora-
tion involving multiple laboratories and biobanks, we will be
able to determine once and for all, if EV's are a trigger for T1D.
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