
Abstract

Aims/hypothesis. To determine whether the emergent
infection by echovirus 16 that occurred in Cuba dur-
ing the year 2000 was related to the presence of Type
1 diabetes associated autoantibodies.
Methods. The presence of ICA, IAA, GADA, IA2 an-
tibodies and neutralizing antibodies (NtAb) to echovi-
rus 16 were determined in sera from 38 infected chil-
dren and adolescents and 80 control subjects, matched
in sex, age, local residence and time of sample collec-
tion.
Results. The occurrence of a large-scale echovirus 16
epidemic was associated with the appearance of hu-
moral autoimmune markers of Type 1 diabetes, espe-
cially for ICA, IAA and GADA. In the convalescent
stage, ICA, IAA and GADA seroconversion was
shown in 92.1%, 44.7% and 28.9% of echovirus 16 in-
fected subjects. None of the 80 uninfected subjects
had ICA or IAA, while one was GADA positive. ICA,

IAA and GADA frequency was higher in the conva-
lescent than in the acute stage (p<0.0005). A strong
positive correlation was found between the NtAb to
echovirus 16 and ICA titres in both acute and conva-
lescent stage (r=0.91; p<0.0001, r=0.55; p=0.0003 re-
spectively).
Conclusion/interpretation. This work provides evi-
dence of an association between echovirus 16 infec-
tion and the presence of Type 1 diabetes related anti-
bodies (ICA, IAA and GADA). Our data show that the
echovirus 16 infection might be capable of inducing a
process of autoimmune beta-cell damage and support
the hypothesis that enterovirus infections are impor-
tant risk factors for the development of Type 1 diabe-
tes. [Diabetologia (2003) 46:1348–1353]
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Type 1 diabetes mellitus is an autoimmune disease in
which insulin deficit is the result of pancreatic beta-
cell destruction due to a specific immunological re-
sponse against these cells as a consequence of an inter-
action between the genetic susceptibility (polygenic)
and unknown environmental factors [1, 2, 3, 4, 5, 6].

Among the environmental factors that could play
an important role in triggering autoimmunity are nu-
merous viruses of different genera [1, 3, 4, 6, 7], such
as mumps, rubella, cytomegalovirus, rotavirus and en-
teroviruses [1, 3, 6, 8, 9, 10].

Enteroviruses, specifically, coxsackie group B virus
[1, 3, 6, 8, 9, 10, 11], are the most important group of
viruses that have been found to have a strong relation
to Type 1 diabetes.



Islet cell antibodies (ICA), insulin autoantibodies
(IAA), antibodies to the Mr 65 000 isoform of glutam-
ic acid decarboxylase (GADA) and antibodies to the
intracellular portion of the protein tyrosine phospha-
tase-related IA2 molecule (IA2A), precede the devel-
opment of clinical diabetes and are therefore com-
monly used as markers of pre-clinical disease [12, 13].
The presence of several antibodies indicates a higher
risk of developing such disease as opposed to positiv-
ity for only one autoantibody [12, 13].

ICA has been detected in non-diabetic subjects in-
fected with different viruses (mumps, rubella and cox-
sackie B4) [1, 14]. An eventual association between
enterovirus infections and seroconversion to ICA has
been described in a few cases [6, 9, 10, 11, 15]. The
presence of ICA is one of the best markers of beta
cell-damaging autoimmunity, and ICA seroconversion
can be considered a sign of the induction of the pro-
cess.

Our group has reported the association between
ICA presence and the meningitis epidemic caused by
echovirus 4 [11, 16, 17, 18], and we have found meta-
bolic abnormalities during an oral glucose tolerance
test (OGTT) in children infected by this virus [14, 17,
18]. It has been shown that beta cells from mice in-
fected with echovirus 4 (isolated strains from children
of the previously mentioned epidemic) produced less
insulin and had reduced synthesis of total proteins
[14]. Such changes were related to alterations in their
blood glucose concentrations.

Furthermore, our group found higher frequencies of
neutralizing antibodies against echovirus 4 in newly-
diagnosed Type 1 diabetic patients compared to a con-
trol group (22.0% vs 1.8%) [19]. It is possible that ex-
posure to specific viruses which stimulate clones of T
cells that might cross-react with specific extra-thymic
antigens of beta cells (molecular mimicry) could in-
duce an immunological response against those cells.
For example, it is known that P2-C is one of the pro-
teins of coxsackie B4 (CVB4) and it shares homology
sequences with GAD65 protein, present in beta cells
of pancreatic islets [1, 11, 20]. Other homologies have
been found among viral proteins (in cytomegalovirus,
rubella, retrovirus and rotavirus) and beta-cell autoan-
tigens (38KD and 52KD proteins, insulin and IA2) [1,
7].

From April to September 2000, an epidemic of
aseptic meningitis caused by echovirus 16 spread
throughout Cuba [21]. This was the first evidence in
the world of a large-scale epidemic by echovirus 16
(EV16).

Taking into account the aforementioned facts, we
determined whether there is a relationship between the
infection of echovirus 16 and the presence of anti-
bodies associated with Type 1 diabetes (ICA, IAA,
GADA and IA2A).

Subjects and methods

Epidemic data. From April to September 2000, an epidemic of
aseptic meningitis spread throughout Cuba, with 16 943 report-
ed cases. Most of the patients were children under 15 years
old. The highest incidence corresponded to infants of less than
1 year of age, followed by the 1- to-9-year-old group, and none
of the infant cases were neonates. Vomiting (91.5%), headache
(88.1%), and fever (72.8%) were the predominant clinical
manifestations; few patients had diarrhoea (11.8%) or skin rash
(6.8%) [21]. None of the infected children had altered blood
fasting glucose concentrations.

To establish the diagnosis of enterovirus, 54 cerebrospinal
fluid (CSF), 76 faecal samples and, 31 paired sera from the
acute and convalescent phases were obtained from 98 children
with symptoms suggestive of aseptic meningitis. CSF and faecal
samples were collected only once per child, at onset of symp-
toms. The children were admitted to different hospitals in 11 of
Cuban’s 14 provinces. Specimens were collected from May 5 to
August 11, 2000 and transported frozen to the Enterovirus labo-
ratory, “Pedro Kouri” Tropical Medicine Institute [21].

We used conventional methods for diagnosis of enterovirus
and an in-house-developed reverse transcriptase-nested poly-
merase chain reaction (RT-N-PCR) assay of CSF specimens
[21]. For the enterovirus genome detection, RNA was extract-
ed from 250 µl of CSF using TRIzol (Life Technologies, Gibco
BRL; Grand Island, N.Y., USA), according to the manufactur-
er’s instructions. RNA amplification was carried out by a
method previously described [22], except that two amplifica-
tion rounds were used. Oligonucleotides used for RT, first PCR
and second-round PCR were derived from within the 5′non-
coding region (5′NCR), a highly conserved zone in enterovirus
serotypes that allows a near-universal amplification of the en-
teroviruses [23, 24]. The sensitivity (0.01 tissue culture infec-
tive dose, TCID50) and specificity of our enterovirus-RNA de-
tection assay [21] allowed us to detect specific enterovirus
RNA sequences in 46.3% (25 of 54) of the CSF specimens.

For enterovirus isolation, 200 µl of CSF and faecal speci-
mens were inoculated in duplicate into tubes covered with
monolayers of fibroblastic diploid embrionic human cells
(PhuE-1) and monkey kidney cells (Vero).

From the 76 faecal specimens inoculated, 45 (59.2%) in-
duced cytopathic effect (CPE). This CPE was only evident in
the PhuE-1 cell monolayers; Vero cells remained invariable.
Viral isolation was possible from all the tubes showing CPE.

All strains from the epidemic were identified as echovirus 16
by a neutralization test using the Lim-Benyesh-Melnick (LBM)
antisera pools. To corroborate the infecting serotype, presence of
a four-fold or greater increase of the type-specific virus-neutral-
izing antibody titres between sera specimens from the acute and
the convalescent phase was determined. It was found that 54.8%
of the patients’ sera showed a rise of neutralizing antibody titre
against the isolated strains. The geometric mean titre of the first
and second sera was 1:3.4; and 1:22.4, respectively [21].

All Cuban aseptic meningitis epidemic cases from the year
2000 were associated with echovirus 16. None were caused by
other agents.

Subjects. We obtained 38 sera samples from children and ado-
lescents in the acute and convalescent stage (age ranged from
11 to 156 months, 86±49; mean ± SD) randomly selected from
a large-scale echovirus 16 meningitis epidemic throughout the
country [21]. The acute serum was taken five/five to six (medi-
an/range) days after the beginning of the infection (at onset of
the clinical symptoms), and the convalescent serum when the
patients recovered completely 30/29 to 35 (median/range) days
after the beginning of the infection.
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We determined the presence of neutralizing antibodies
against echoviruses in these sera (EV4, EV6, EV9, EV11,
EV16 and EV30). Sera samples from 80 healthy children and
adolescents (age ranged from 11 to 153 months, 88±47; means
± SD), who were serologically verified as negative for neutral-
izing antibodies to echovirus 16, were also used. These sera
were paired for sex, age, location of residence and time of
sample collection in relation to children and adolescents who
were infected by echovirus 16.

All subjects, or their parents, gave their informed consent to be
studied, and the local Ethical Committee approved the protocol.

All sera were submitted for determination of the presence
of islet cell antibodies (ICA), insulin autoantibodies (IAA),
glutamic acid decarboxylase antibodies (GADA) and tyrosine
phosphatase antibodies (IA2A). Measurement of thyroid mi-
crosomal antibodies (TMA) and parietal gastric cells antibod-
ies (PGA) were only carried out in subjects infected in order to
show the specific pancreatotoxic activity of this infection.

Islet cell antibodies (ICA). The presence of ICA was deter-
mined in all sera by the indirect immunofluorescence tech-
nique with prolonged incubation (18 h) using frozen human
pancreas of O blood group in the presence of protease inhibitor
(Inhprot I, 400 UI/ml, University of Havana, Cuba) as de-
scribed [19, 25, 26]. All subjects with ICA titres higher or
equal to 10 JDF units were considered positive. Our laboratory
(lab 274, Havana, Cuba) obtained 75% sensitivity and 75%
specificity in the 8th ICA Proficiency Test held in 1993 orga-
nized by Noel MacLaren, University of Florida, USA.

Insulin autoantibodies (IAA). Insulin autoantibodies were de-
tected using a competitive fluid-phase radioimmunoassay [27].
In the Fourth International Diabetes Workshop IAA proficien-
cy test program held in 1994, University of Florida, our labora-
tory (lab 232, Havana, Cuba) obtained 100% specificity and
43% sensitivity. The cut-off for this assay is 40 nU/ml and was
established as the 99th centile of the IAA concentrations detect-
ed in 100 healthy control subjects without history of diabetes.

Glutamic acid decarboxylase antibodies (GADA). Autoantibod-
ies against GAD65 were detected by a quantitative radioimmuno-
precipitation assay [28], using in vitro synthesized human recom-
binant 35S-methionine-labelled GAD65 and 50% protein A-se-
pharose to separate free from antibody-bound labelled GAD65.
Results were expressed as an index (index = sample cpm−nega-
tive standard control cpm / positive standard control cpm−nega-
tive standard control cpm). A GADA index 0.035 was used as
the limit of positivity. In the First International Diabetes Work-
shop GAD Proficiency Program, our laboratory (Rome, Italy) ob-
tained 100% sensitivity and specificity. Subsequently, we partici-
pated with this assay in the Combinatorial islet autoantibody
workshop [29] and in DASP 2001 and DASP 2002 IDS/CDC au-
toantibody programs. In DASP 2002 our laboratory (lab 155,
Rome, Italy) obtained 97% specificity and 88% sensitivity.

Tyrosine phosphatase antibodies (IA2A). Tyrosine phosphatase
antibodies determinations were made by a quantitative radioim-
munoprecipitation assay in fluid phase [28], using in vitro syn-
thesized human recombinant 35S-methionine-labelled ICA 512
bdc/IA2. An in vitro transcription and translation system was
used in rabbit reticulocytes for the labelling. Values of IA2A
higher than 0.072 were considered as positive. We participated
with this assay in the Combinatorial islet autoantibody work-
shop [29] and in DASP 2001 and DASP 2002 IDS/CDC auto-
antibody programs. In DASP 2002 our laboratory (lab 155,
Rome, Italy) obtained 100% specificity and 60% sensitivity.

Thyroid microsomal antibodies (TMA) and parietal gastric
cells antibodies (PGA). The measurement of TMA and PGA
were done by the same indirect immunofluorescence tech-
nique, using human thyroid frozen sections obtained in a thy-
roidectomy of O blood group, and the stomach of Wistar rats
respectively [25]. We considered subjects positive for TMA
and PGA as those presenting with fluorescence on the basis of
1:4 and 1:10 dilution of sera respectively.

Neutralizing antibodies (NtAb). The titre of neutralizing anti-
bodies was determined by the method recommended by WHO
[30] with two modifications, namely, the use of culture tubes
covered with monolayers of fibroblastic diploid embryonic hu-
man cell (PhuE-1) and two-fold serial dilutions of sera begin-
ning with 1:10. At each dilution, 50 µl of diluted serum was
mixed with 50 µl of medium (Eagle MEM) containing 100
TCID50 (32–320) of EV4, EV6, EV9, EV11, EV16 or EV30.
The virus-serum mixture was incubated for 4 h at 37 C. The
mixture was then inoculated onto PhuE-1 cell monolayers and
incubated as before for 5 days. Each serum was tested in tripli-
cate and each test batch was accompanied by the following
controls: cell control, serum toxicity control, virus dose and ti-
tration controls using an in-house reference serum validated
against the international standard.

Statistical analysis. The statistical significance of the differ-
ences between groups in relation to ICA, IAA, GADA, IA2A
and NtAb frequency was analyzed by the Chi-square or Fish-
er’s exact test. Spearman’s test of rank correlation was used to
compare the degree of correlation between the antibodies titres
against echovirus 16 and ICA. A p value of less than 0.05 was
considered to be statistically significant.

Results

The analysis of neutralizing antibodies (NtAb) to
echoviruses 4, 6, 9, 11, 16 and 30 during the meningi-
tis epidemic showed a high frequency of NtAb to
EV16 at the convalescent stage compared to the acute
stage of the infection (p=0.0006) (Table 1).

Table 1. Frequency of neutralizing antibodies against different echovirus serotypes in children and adolescents affected by viral
meningitis infection

Stage EV4 EV6 EV9 EV11 EV16 EV30
+ (%) + (%) + (%) + (%) + (%) + (%)

1 3 (7.9) 14 (36.8) 23 (60.5) 21 (55.2) 6 (15.8) 9 (23.7)
2 4 (10.5) 18 (47.3) 26 (68.4) 22 (57.8) 21 (55.2)a 10 (26.3)

Stage 1: Acute infection of meningitis during the epidemic by echovirus 16
Stage 2: Convalescence of meningitis infection by echovirus 16
a p=0.0006 vs stage 1
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ICA, IAA and GADA presence was higher during
the convalescent stage of infection than in the acute
stage and the control group (p<0.001). In contrast, we
did not find positivity to IA2 in any of the stages (Ta-
ble 2).

The titres of NtAb antibodies to EV16 were corre-
lated with the ICA titres, both in the acute and conva-
lescent stages (r=0.91; p<0.0001, r=0.55, p=0.0003 re-
spectively) of echovirus 16 infection (Fig. 1).

An increase in the frequency of high ICA titres was
shown in the convalescent stage although no statistical
differences were found compared to those of the acute
stage of infection (Table 3).

We found the highest frequencies of GADA in high
titre ICA positive sera during the convalescent stage
of EV6 infection. GADA were positive in 19.2%
(5/26) of subjects with ICA less than 40 JDFU and in
66.6% (6/9) of subjects with ICA greater than or equal
to 40 JDFU (p=0.0146). The presence of IAA was
also higher in subjects with ICA greater than or equal
to 40 JDFU (77.7%, 7/9) in contrast to subjects with
ICA less than 40 JDFU (30.7%, 8/26; p=0.0216). In
addition, IAA frequency was higher in GADA posi-
tive subjects (81.8%, 9/11) compared to GADA nega-
tive subjects (29.6%, 8/27; p=0.0049).

None of the 38 matched sera obtained during the
echovirus 16 epidemic were positive for thyroid mi-
crosomal antibodies (TMA) or parietal gastric cells
antibodies (PGA).

Discussion

Different prospective studies suggest that enterovirus
infection might initiate and/or accelerate the process
of beta-cell destruction, years before the clinical mani-
festation of Type 1 diabetes [8, 9, 10, 15, 31, 32]. In
addition, it is possible that such viruses are the final
hit precipitating the symptoms of Type 1 diabetes
[11]. The initiating agent could differ from the accel-
erating and precipitating agents of the disease. Among
them, certain chemical and dietetic factors, plus nitro-
samines and virus infections are included [5, 11].

In this study the seroconversion to ICA in infected
subjects is frequently associated with an increase of
NtAb to EV16, a phenomenon also present in other
enterovirus infections [8, 9, 10, 11, 15]. ICA presence
is one of the most important markers of the autoim-
mune destruction process of beta cells [4, 12, 15] and
it is possible that seroconversion to ICA might be con-
sidered a sign of the induction of such process [15].

Interestingly, the presence of NtAb to EV16 in se-
rum was highly associated with the appearance of or
increases in ICA titres, with IAA and GADA to a mi-

Table 2. Frequency of islet cell antibodies (ICA),insulin auto-
antibodies (IAA), glutamic acid decarboxylase antibodies
(GADA) and tyrosine phosphatase antibodies (IA2A) in chil-
dren and adolescents affected by echovirus 16 infection

Autoantibodies Stage 1 Stage 2 Control
+/n (%) +/n (%) +/n (%)

ICA 5/38 (13.1) 35/38 (92.1)a 0/80 (0.0)
IAA 0/38 (0.0) 17/38 (44.7)a 0/80 (0.0)
AGAD 0/38 (0.0) 11/38 (28.9)bc 1/80 (1.2)
AIA2 0/38 (0.0) 0/38 (0.0) 0/80 (0.0)

Stage 1: Acute infection of meningitis during the epidemic by
echovirus 16
Stage 2: Convalescence of meningitis infection by echovirus
16
Control: Negative for neutralizing antibodies to echovirus 16
a p<0.0001 vs stage 1 and control, b p=0.0004 vs stage 1, 
c p<0.0001 vs control

Table 3. ICA titres in children and adolescents affected by
echovirus 16 according to the stage of infection

Stage ICA <40 UJDF ICA ≥ 40 UJDF
+ (%) + (%)

1 (n=5) 5 (100.0) 0 (0.0)
2 (n=35) 26 (74.3) 9 (25.7)

Stage 1: Acute infection of meningitis during the epidemic by
echovirus 16
Stage 2: Convalescence of meningitis infection by echovirus
16
n: Total of ICA-positive subjects

Fig. 1A, B. A Correlation of ICA and NtAb to echovirus 16 ti-
tres during the acute stage of meningitis infection (r=0.91,
p<0.0001) and B in the convalescence stage of meningitis in-
fection by echovirus 16 (r=0.55; p=0.0003)



nor degree, but not with IA2A concentrations. A simi-
lar islet-associated antibody pattern was described in a
case report in which maternal infection with echovirus
6 produced Type 1 diabetes in the neonate [33]. In ad-
dition, it has been reported [8] that the presence of en-
terovirus RNA in sera of pre-diabetic subjects was as-
sociated with increases in ICA and GADA, but not in
IAA or IA2 concentrations. GADA and IA2A were
not found in acute onset of Type 1 diabetes after se-
vere echovirus 9 infection [34]. Recently, the presence
of ICA, IAA and IA2A was observed after infection
of enterovirus in a child participating in the Finish Di-
abetes Prediction and Prevention trial [6]. These data
suggest that there is heterogeneity of the immune re-
sponse against beta-cell antigens after echovirus infec-
tion. The induction of islet cell associated antibodies
seems to occur right after episodes of enterovirus in-
fections. This can take place from weeks to years be-
fore diabetes is clinically evident [6].

The presence of high ICA titres in 25.7% of our
subjects could indicate the existence of an important
specific immune response against antigenic compo-
nents of beta cells during infection by echovirus 16.
Accordingly, the high frequencies of IAA and GADA
in subjects with high ICA titres in the convalescent
stage of the infection might be a reflection of the se-
verity of the beta-cell damage.

The increase in ICA titres does not seem to reflect
a general response of autoantibodies since the pres-
ence of thyroid microsomal antibodies (TMA) and pa-
rietal gastric cells antibodies (PGA) were not detected
during the infection.

The mechanisms through which enterovirus infec-
tions could contribute to the process leading to Type 1
diabetes are not known. According to our results,
echovirus 16 could be involved in an autoimmune in-
duction against beta-cell antigens, due to the fact that
the presence of neutralizing antibodies to echovirus 16
was associated with the appearance of or increases in
islet-associated antibody concentrations. This suggests
that such enterovirus could be capable of inducing the
destruction of pancreatic beta cells by releasing self
cytoplasmatic antigens, or indirectly generating cyto-
kine production [7, 11, 14, 15, 35, 36], all of which
might trigger Type 1 diabetes of autoimmune origin in
subjects with susceptibility genes [8, 10, 11, 15]. In
addition, molecular mimicry can also be an explana-
tion for this association [7, 11, 14, 20, 35].

It is important to know which enterovirus serotypes
are able to induce beta-cell damage. Among such se-
rotypes, CVB4 and CVB5 have most often been con-
nected to the pathogenesis of Type 1 diabetes, al-
though other studies have reported the participation of
other enterovirus serotypes, such as coxsackie A and
echoviruses (EV4, EV6 and EV9) [11, 14, 16, 17, 18,
19, 33, 34]. Echovirus 16 could be another serotype to
be included in the list of enteroviruses related to Type
1 diabetes.

According to previous data, the frequency of isola-
tion of echovirus 16 is usually low. Echovirus 16 iso-
lates associated with sporadic cases of aseptic menin-
gitis have not been frequently reported in previous
years, probably because of the difficulties in tissue
culture propagation [21]. Genotypes of echovirus 16,
which are potentially diabetogenic might be “silently”
circulating in different world regions. Therefore, those
populations with high frequency of Type 1 diabetes
might be endemically exposed to this virus.

Our findings show an association of echovirus 16
with the presence of antibodies related to Type 1 dia-
betes (ICA, IAA and GADA). Echovirus 16 could be
involved in initiating the destruction of beta cells in
subjects with high genetic risk of developing Type 1
diabetes. In view of that, it might be useful to carry
out a large-scale prospective study among children
and adolescents exposed to echovirus 16 infection, by
exploring the presence of antibodies associated with
Type 1 diabetes. It will be important that further epi-
demiological studies are carried out with special refer-
ence to the exposure to echovirus 16 in countries with
high incidences of Type 1 diabetes in addition to other
studies elucidating how the echovirus 16 infection
could contribute to the pathogenesis of Type 1 diabe-
tes.
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