
Two year follow-up of immunological
response in mite-allergic children treated
with sublingual immunotherapy. Comparison
with subcutaneous administration

Allergen-specific immunotherapy (IT) adminis-
tered subcutaneously (SCIT) has been used to
treat allergic diseases since around 1910. How-
ever, because of the possibility of severe sys-
temic reactions, other routes (nasal, oral,
bronchial and sublingual) have been tried, with
the sublingual route generating most interest (1).

Sublingual immunotherapy (SLIT) is specifically
useful in children, because it can be easily
administered at home. Both SCIT and SLIT are
considered an effective therapy for respiratory
allergic disease (1–4), with the clinical effect
lasting at least 3 yr after treatment has been
stopped (5). It is particularly important in
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Although the efficacy of allergen-specific sublingual immunotherapy
(SLIT) is now accepted, the underlying mechanisms remain elusive.
Such mechanisms are better documented in the case of subcutaneous
immunotherapy (SCIT). In order to understand the T-lymphocyte
response in patients receiving SLIT, we compared children with res-
piratory disease monosensitized to Dermatophagoides pteronyssinus
receiving SLIT or SCIT over a 2-yr period. Peripheral blood was
obtained before beginning immunotherapy, and after 3 months, 1 yr
and 2 yr. Total IgE, specific IgE and IgG4 to D. pteronyssinus were
determined in serum. T-cell markers (CD3, CD4, CD8, CD25) and
intracellular cytokine production (TNF-a, IL-2, IL-4 and IFN-c) were
determined in peripheral blood mononuclear cells (PBMC) by flow
cytometry. No differences between SCIT and SLIT were detected in the
clinical variables or in the subjective evaluation. Although an increase in
specific IgE and IgG4 was only detected in SCIT, a significant decrease
in the specific IgE/IgG4 ratio was found in both groups. SCIT and SLIT
experienced an increase in the CD4/CD8 ratio over time, but an increase
in the CD4+CD25+ and a decrease in the CD8+CD25+ subsets were
only found with SCIT. A slight shift from a Th2 to a Th1 pattern,
measured by the IFN-c/IL-4 ratio, was only detected in the CD4 T cells
with SCIT. A decrease in both groups was found in TNF-a and IL-2
production over time. Children with respiratory allergic diseases
receiving SCIT or SLIT had a different immunologic response in peri-
pheral blood during treatment, though the clinical improvement was
similar. Whether SLIT induces a mucosal protective response should be
studied.
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children, for whom it can prevent new sensiti-
zations (6) and progression from rhinitis to
asthma (7).
Although immunological changes are usually

better documented with SCIT, there are no
clear-cut qualitative differences between SCIT
and SLIT, suggesting that immune mechanisms
involved could be quite similar (8). More
research comparing SCIT and SLIT could
contribute to a better understanding of both
mechanisms. Many studies have been carried
out to assess the mechanisms underlying aller-
gen-specific IT, focussing on increases in levels
of IgG1 and IgG4 (9, 10). This led to the
hypothesis of the induction of blocking anti-
bodies, capable of competing with IgE for
binding to the allergen, preventing basophil
and mast cell degranulation. However, a good
correlation has not always been found between
an increase in these immunoglobulins and the
clinical benefit obtained (11, 12). Later, the
capacity of IT to change from a Th2 to a Th1
pattern was detected (13–15), with decreased
levels of IL-4 and IL-5 and increased levels of
IFN-c. In addition to this effect, an increase in
TGF-b and IL-10 was also found (16). Recent
studies suggest the involvement of T regulatory
cells (TReg) in the production of TGF-b and
IL-10 (17).
Based on our current understanding of the

immune mechanisms underlying allergen-speci-
fic immune responses, optimizing vaccines to
control the response of T lymphocytes during
exposure to the allergen or vaccination could
be critical. Accordingly, we undertook this
explorative study to examine the immunological
changes in peripheral blood over a 2-yr follow-
up period in a group of children with respir-
atory allergic disease and monosensitized to
Dermatophagoides pteronyssinus (D.pter) receiv-
ing SLIT, when compared with a group
receiving SCIT with the same extract. A better
knowledge of the T-lymphocyte response to
SCIT and SLIT could contribute to the devel-
opment of a second generation of more efficient
vaccines.

Methods
Patients

The study included 23 children referred to the
Paediatric Allergy Unit of Carlos Haya Hospital,
Malaga, Spain, in November and December 2001
for evaluation of respiratory allergic diseases.
They were all monosensitized to house dust mite,
with skin test positive to D.pter and serum

specific IgE to D.pter. The respiratory allergic
disease was diagnosed according to the ARIA
(18) and GINA (19) consensus. The skin prick
test was done with D.pter extract (100 BU/ml)
provided by ALK-Abello (Madrid, Spain) and a
wheal >3 mm was considered positive. Parents
decided whether their children were to receive
just symptomatic treatment or symptomatic
treatment plus IT, with the latter being those
who were finally included in the study. The
children were then randomized into two treat-
ment groups, either SCIT (n ¼ 12) or SLIT (n ¼
11). Before starting and after finishing the 2 yr
treatment, the patients gave a subjective evalua-
tion using a semiquantitative scale (Much better,
Better, Equal, Worse, Much worse) and a visual
analogical scale (VAS).
In no patient was IT contraindicated, accord-

ing to WHO criteria (2), and none had been
previously treated with IT or was sensitized to
other inhalant allergens.
The study was approved by the institutional

review boards, and informed consent was ob-
tained from the parents of all the children.

Treatment

All the patients were treated for 2 yr with a
D.pter 100% extract, provided by ALK-Abello.
SCIT was administered using a depot allergen
extract adsorbed in aluminium hydroxide
(Pangramin� Depot-UM) and SLIT using a
glycerinated allergenic extract (SLIT� Trata-
miento sublingual). All the extracts were biolo-
gically standardized and measured in mass
units, i.e., the major allergens, Der p1 and Der
p2, were quantified in lg/ml, with a ratio
between the two of 2:1. Table 1 shows the rate
of administration of SCIT and SLIT according
to the manufacturers� recommendations. The
maximum dose administered in SCIT and SLIT
was 4 and 2 lg/ml, respectively, of the two
major mite allergens, Der p1 and Der p2, in
accordance with the standardization procedure
followed (19, 20).

Sample collection

Six millilitres of heparinized venous blood was
obtained at different times: before beginning IT,
at 3 months (once the maximum dose had been
reached in both types of IT), at 1 yr, and at the
end of the study (2 yr). Peripheral blood mono-
nuclear cells (PBMC) were isolated by density
gradient centrifugation (Nycomed, Oslo,
Norway) and serum samples were also obtained
and stored at )20�C until assayed.
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Total IgE, specific IgE and specific IgG4 determination

Total and specific IgE to D.pter was determined
by CAP-FEIA System (Pharmacia, Uppsala,
Sweden) following the manufacturer’s recom-
mendations. Results were obtained from a stand-
ard curve and expressed as kU/l. The cut-off
point to be included in the study was a value
P0.71 kU/l (class 2).
The determination of specific IgG4 to D.pter in

serum was done by ELISA, as described (20).
Briefly, ELISA plates (Costar, 3590) were coated
with 40 lg/ml of D.pter (Alk-Abello) for 1–2 h
at 37�C (50 ll/well). After blocking with PBS 1%
BSA (100 ll/well), 50 ll of serum sample was
added at 1/10, 1/30 and 1/90 dilutions for 1 h at
room temperature. After washing with 0.1%
Tween-20 in PBS, plates were incubated for
30 min with 50 ll of anti-IgG4 monoclonal
antibody (G4T9) conjugated to peroxidase at
1/5000 dilution. After washing, o-phenylenedia-
mine dihydrochloride (OPD) peroxidase was
added and the enzymatic reaction stopped by
adding 50 ll of H2SO4. The absorbance was read
at 492 nm. Results were obtained from a stand-
ard curve obtained using Phleum pratense extract
and expressed in UA/ml.

PBMC phenotype immunofluorescence analysis

The measurement of lymphocyte subsets and cell
activation markers was carried out by incubating
PBMC for 15 min at room temperature in the
dark with the following monoclonal antibodies
(moAbs): CD3-PerCP, CD4 (a-phycoerythrine;
PE, allophycocyanin; APC), CD8 (fluorescein
isothiocyanate; FITC, APC) and CD25-PE (all
provided by Becton-Dickinson, San Jose, CA,
USA).
Cytokine production was determined in cells

stimulated for 4 h at 37�C with phorbol
12-myristate 13-acetate (Sigma, St Louis, MO,
USA) and ionomycin (Sigma) at a final concen-
tration of 25 ng/ml and 1 lg/ml of cell suspen-

sion, respectively, in which the intracellular
protein transport of cytokines was disrupted
with monensin (Sigma) at 10 lg/ml of cell
suspension. After subset cell surface staining for
15 min, cells were fixed for 15 min using Fix and
Per cell permeabilization kit (Caltag Laborator-
ies, Burlingame, CA, USA) and permeabilized
with the same kit and stained intracellularly with
moAb to cytokines (TNF-a-PE, IL-2-FITC,
IL-4-PE and IFN-c-PE; all provided by Becton-
Dickinson) for 30 min at room temperature.
After washing, cells were analysed on a Facscal-
ibur flow-cytometer using Cell Quest software
(Becton-Dickinson). Negative isotype controls
were used to verify the staining specificity of the
antibodies used.

Statistical analysis

The mean, median, minimum and maximum
values, standard deviation, interquartile range
and 95% confidence interval for the mean value
were calculated for the quantitative variables. In
those results that adjusted to a normal distribu-
tion, anova was done between serial determina-
tions and in significant cases, the Student t-test
for paired data were used to detect statistically
significant differences (**p < 0.005 and
*p < 0.05). In those results without a normal
distribution, Friedman test was done between
serial determinations and in significant cases the
Wilcoxon test for related data was done for
paired sample (**p < 0.005 and *p < 0.05).
The statistical analysis was performed using the
spss program, version 11.5.

Results
Characteristics of the patient groups and treatment

Table 2 shows the clinical characteristics of the
patients. No significant differences were found
between the two groups of patients, SCIT and

Table 1. Immunotherapy characteristics

SLIT SCIT

Build up phase Dose scheduled Vial 0: 1–10 drops Vial 1: 0.1, 0.2, 0.4, 0.8cc
Vial 1: 1–5 drops Vial 2: 0.1, 0.2, 0.4, 0.8 cc
Vial 2: 1–5 drops Vial 3: 0.1, 0.2, 0.4, 0.6, 0.8 cc
Vial 3: 1–5 drops One dose a week
Vial 4: 1–5 drops

Daily dose
Duration 30 days 13 wk

Maintenance phase Dose scheduled 5 drops vial 4 (Three times a week) 0.8 cc vial 3 (One dose a month)
Maximum Dose Administrated Der p1/Der p2 0.8/0.4 lg 3.2/1.6 lg

Cumulated Dose per month Der p1/Der p2 10.8/5.4 lg 3.2/1.6 lg
Duration Up 2 yr Up 2 yr

Sublingual vs. subcutaneous immunotherapy

3



SLIT, in any of the clinical variables analysed.
Two patients dropped out of the study, one in the
SCIT group because of an acute attack of atopic
dermatitis after 1 yr treatment, and one in the
SLIT group after 1 yr, for unknown reasons.
Both groups showed good tolerance and no
systemic reactions were detected.
The total number of doses administered was

400 in the SCIT group and 3300 in the SLIT
group. The cumulative dose in the maintenance
phase was 70/35 lg of Der p1/Der p2 for SCIT,
and 216/108 lg of Der p1/Der p2 for SLIT.

Before starting and after finishing the 2 yr
treatment, the patients gave a subjective evalua-
tion using a semiquantitative scale (Much better,
Better, Equal, Worse, Much worse) and a VAS.
In the SCIT group, 90% of the patients reported
feeling better or much better, while 83% in the
SLIT group also reported feeling better or much
better. The VAS results were 8.1 ± 1.4 (SCIT)
and 8.5 ± 1.3 (SLIT).

Serum antibody responses

We quantified total IgE and specific IgE and
IgG4 to D.pter at different times (baseline, and
3 months, 1 yr and 2 yr after beginning IT) in
both SCIT and SLIT. At baseline, no significant
differences were observed between SCIT and
SLIT in any of the total and specific immuno-
globulins analysed. In SCIT, no differences were
detected in the total IgE levels, although signi-
ficant increases were found in specific IgE and
IgG4. There was a gradual increase in specific IgE
and IgG4 from the baseline level to the sample
obtained at 2 yr, although the increase in specific
IgE appeared later (after 1 yr) than the increase
in specific IgG4 (after 3 months). No differences
were found in the SLIT group for any of the
determinations (Fig. 1a). On the other hand, the
IgE/IgG4 ratio specific to D.pter showed a
significant decrease in both types of IT (SCIT,

Table 2. Characteristics of the group of patients studied: overall group, those
receiving subcutaneous immunotherapy (SCIT) and those receiving sublingual
immunotherapy (SLIT)

Total SCIT SLIT

Sex, n(%)
Female 7 (30) 4 (33) 3 (27)
Male 16 (70) 8 (67) 8 (73)

Diagnostic, n(%)
Rhinitis (R) 6 (26) 3 (25) 3 (27)
Asthma (A) 2 (9) 1 (8) 1 (9)
R + A 15 (65) 8 (67) 7 (64)

Age (yr) (mean € S.D.;
Interval)

11.9 € 2.3; 8–17 12.3 € 2.8; 8–17 11.5 € 1.5; 9–14

Time evolution (yr)
(mean € S.D.;
Interval)

7.3 € 3.8; 1–12 6.5 € 4.2; 1–12 8.1 € 3.4; 2–12

n, absolute numbers.
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Fig. 1. (a) Comparison of total IgE, specific IgE and specific IgG4 to Dermatophagoides pteronyssinus (DP) at different time
intervals (before immunotherapy, and three months, 1 yr and 2 yr after beginning treatment) in patients with subcutaneous
(SCIT) and sublingual immunotherapy (SLIT). The results are expressed in kU/l as mean ± s.d. concentration (*p < 0.05;
**p < 0.005). (b) IgE/IgG4 ratio at different time intervals, in patients with subcutaneous (SCIT) and sublingual immuno-
therapy (SLIT).
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p ¼ 0.002; SLIT, p ¼ 0.016). Changes were
observed earlier in SCIT, from the first month,
while with SLIT we detected no significant
changes until 2 yr of treatment (Fig. 1b).

T-cell response in peripheral blood

We analysed the CD4/CD8 T lymphocyte ratio
at different times in SCIT and SLIT. Comparison
between the two groups at baseline showed no
significant differences. We detected a significant
increase in both groups over time (SCIT:
p < 0.001; SLIT: p ¼ 0.004). However, the
increase appeared earlier with SCIT (at
3 months, p ¼ 0.041) than with SLIT (at 1 yr,
p ¼ 0.004) (Fig. 2, top). The increase in the ratio
was mainly due to a significant increase in the
CD3+CD4+ subpopulations in both SCIT (p ¼
0.01) and SLIT (p ¼ 0.048) (data not shown).
The bottom part of Fig. 2 shows the expression
of the CD25 marker in the CD4 and CD8
subpopulations. Significant changes were detec-
ted in SCIT, with an increase in the
CD4+CD25+ subpopulation (p < 0.001) and a
decrease in the CD8+CD25+ subpopulation

(p ¼ 0.005) between 3 months and the end of
the study. A similar trend was seen in SLIT,
though it was not significant. The measurements
carried out in this study did not enable us to
determine whether these CD4+CD25+ cells were
Treg or activated cells.

Cytokine production in PBMC

Using intracellular cytokine staining and flow
cytometry we analysed changes at the single cell
level and compared the effect inducedbySCITand
SLIT. We checked again that there were no
differences between both groups at baseline. First,
we analysed the production of TNF-a and IL-2 in
both CD4+ and CD8+ T cells (Fig. 3). In the
CD4+ T cells, we detected an important decrease
in all the children in the production of TNF-a
(SCIT: p ¼ 0.002; SLIT: p ¼ 0.019) and IL-2
(SCIT: p ¼ 0.001; SLIT: p < 0.001). These
changes appeared with effect from the first post-
IT sample obtained and did not return to baseline
levels at 2 yr.Analysis of theCD8+T cells showed
significant changeswith SCIT (TNF-a: p ¼ 0.009;
IL-2: p ¼ 0.001) and SLIT (IL-2: p < 0.001).
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Fig. 2. Comparison of T cell
subpopulations in peripheral
blood at different time intervals
(before immunotherapy, and
three months, 1 yr and 2 yr after
beginning treatment) in patients
with subcutaneous (SCIT) and
sublingual immunotherapy
(SLIT). (a) CD4+/CD8+ ratio
in SCIT (left) and SLIT (right).
(b) Expression of CD25 in
CD4+ and CD8+ T cells in
SCIT (left) and SLIT (right) The
results are expressed in percent-
age of cells as mean ± s.d.
(*p < 0.05; **p < 0.005).

Sublingual vs. subcutaneous immunotherapy

5



We also analysed the percentage of cells produ-
cing IL-4 and IFN-c, expressing the results as the
IFN-c/IL-4 ratio in both CD4 and CD8 T cells
(Fig. 4). With SCIT we detected a increase in the
IFN-c/IL-4 ratio in the CD4 T cells from baseline
to year one, with levels tending to normalize at
2 yr. These changes were nearly significant (p ¼
0.060). A parallel significant decrease in this ratio
occurred in the CD8+ T cells (p ¼ 0.039). With
SLIT, however, no tendency for the IFN-c/IL-4

ratio to increase was detected in the CD4+ T cells.
Changes in the CD8+ subsets had a similar
tendency to the changes in SCIT.

Discussion

Specific IT is a well-documented treatment for
allergic diseases and is highly effective in care-
fully selected patients with IgE mediated dis-
eases. It has been shown to be effective for
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Fig. 3. Comparison of the
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(IL-10, IL-2 and TNF-a) in the
CD4+ and CD8+ T cells at
different time intervals (before
immunotherapy, and three
months, 1 yr and 2 yr after
beginning treatment) in patients
with subcutaneous (SCIT) and
sublingual immunotherapy
(SLIT). The results are expressed
in percentage of cells as
mean ± s.d. (*p < 0.05;
**p < 0.005).
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Fig. 4. Comparison of the IFN-c/IL-4 ratio in circulating CD4+ and CD8+ T cells at different time intervals (before
immunotherapy, and three months, 1 yr and 2 yr after beginning treatment) in patients with subcutaneous (SCIT) and
sublingual immunotherapy (SLIT) The results are expressed as ratio of percentage of cells as mean ± s.d. (*p < 0.05;
**p < 0.005).
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venom anaphylaxis and for rhinoconjunctivitis
and asthma caused by inhalant allergens (3).
The non-injectable route for IT was initially
introduced as a solution to problems related
with the classical subcutaneous route, with SLIT
being the more widely accepted form (4).
Numerous controlled trials have shown the
efficacy of SLIT in asthma and rhinitis in adults
and children (18, 21–22). However, several
important points remain to be elucidated, espe-
cially the underlying mechanisms of SLIT. We
monitored the immunological changes in per-
ipheral blood, both humoral and T lymphocyte
response, in a group of children sensitized to
D.pter with respiratory disease receiving SLIT,
and compared the changes with those occurring
in children receiving SCIT.
The design of this study might involve a

certain bias that requires analysis. (i) Ours was
not a double-blind placebo-controlled study for
various reasons. The study involved a 2-yr follow
up in children, a period that was too long to be
accepted by the ethical committee of our hospital
and, even more so, by the parents if we consider
that what we wanted to analyse was the in vitro
immunological changes induced by SLIT. How-
ever, the aim of this study was not to evaluate the
effectiveness of IT, which has already been done
by others in a double-blind manner using the
same doses as we used (23–25), but rather to
evaluate in vitro changes in patients receiving
SLIT compared to those receiving SCIT.
(ii) Regarding the evaluation of the VAS,
although a placebo effect may exist in our study,
this effect should be similar in both groups and
not affect the in vitro results. Moreover, this scale
does not show effectivity but rather the percep-
tion of the patients about their illness over time.
(iii) Another possible bias is that both SCIT and
SLIT children were initially different in the
in vitro determinations. However, comparisons
between both groups at baseline showed no
differences, indicating that both groups were
homogenous.
In SCIT, as previously described (26), we

found a gradual increase in specific IgE and
IgG4 antibodies to D.pter, although this increase
began significantly sooner for IgG4 (3 months)
than for IgE (1 yr), with no significant changes in
total IgE. However, we detected no changes in
total IgE, or specific IgE and IgG4 to D.pter
in the group of patients receiving SLIT. The
peripheral blood humoral response in patients
receiving SLIT is controversial. Some studies
have reported changes in allergen-specific
antibodies (26, 27), whereas others have
found a limited impact (23, 28, 29). A recent

meta-analysis concluded that a consistent in-
crease in allergen-specific IgG4 levels existed (21),
but other studies, including ours, have not found
any change (14, 30). However, when we analysed
the specific IgE/IgG4 ratio a decrease was indeed
observed in both types of IT, SCIT and SLIT.
These changes have also been detected by other
authors (31–33), with some exceptions (34), and
were found to be correlated with the clinical
efficacy (32, 35).
Concerning T lymphocytes, a number of recent

studies have shown that they may play a central
role in allergic respiratory diseases (36, 37). IT
acts preferentially on T lymphocytes, suggesting
an important role in the treatment of these
patients (38–40). Several lines of evidence indi-
cate that specific IT may act by modifying the
patterns of cytokines produced by T helper cells,
with a shift from a Th2 to a Th1 response (13, 14,
41). However, no monitoring of the different
T-cell subpopulations in patients receiving SLIT
has been done.
In our study, we found similar increases in the

CD4/CD8 ratio in both SCIT and SLIT, though
detected earlier in the former. These results show
a role for T lymphocytes in the IT response in
both types of IT. Previous reports have demon-
strated the modulation of IL4 and IFNc (13, 14,
41). Using intracellular cytokine staining and
flow cytometry, in SCIT we found only a small
rise in the IFNc/IL4 ratio among peripheral
blood CD4 T cells (nearly significant) accom-
panied by a decrease in CD8 T cells; these
changes appeared with effect from the first
determination and tended to return to baseline
levels at the end of IT. These results are in
agreement with those previously published (13–
15), indicating a shift from a Th2 to a Th0 or Th1
cytokine pattern induced by injectable IT. How-
ever, this tendency was not detected in SLIT,
either in CD4 or CD8 T cells, in any of the
samples analysed. We also analysed the expres-
sion of the CD25 marker in the two T-cell
subpopulations, finding differences only in SCIT,
with an increase in CD4 T cells and a parallel
decrease in CD8 T cells. Although it is tempting
to speculate that this increase in CD4+CD25+ T
cells is due to an increase in Treg cells, the design
of this study did not enable us to demonstrate
this, although the decrease in the IFNc/IL4 ratio
specifically in CD8 only in SCIT could reinforce
this hypothesis. Indeed, the presence of Treg

decreases the number of CD8 T cells producing
IFNc (42).
Finally, as other cytokines are known to play a

key role in the initiation and maintenance of the
inflammatory response (43), we analysed the

Sublingual vs. subcutaneous immunotherapy
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production of TNF-a nd IL-2. As others, we too
found a decreased production of TNF-a and IL-
2 in peripheral blood (44). These results may
indicate a reduction of the inflammatory
response, as these cytokines are known to be
involved in allergic inflammation (2, 20).
Summarizing, this study shows that children

with respiratory allergic diseases receiving SCIT
or SLIT had a different immunological response
in peripheral blood during therapy, though the
clinical improvement, measured by subjective
evaluation, was similar. The main difference
detected in humoral responses was that, despite
a final decrease in both therapies, in SCIT
significant changes were detected in IgE/IgG4

with effect from the first month while in SLIT
they only were observed at 2 yr. With respect to
the cellular response, changes were observed
mainly in SCIT. The route and dose of antigen
administered may determine these differences. As
the oral mucosa is an immunocompetent site and
SLIT may benefit from the physiological mech-
anisms of oral tolerance, the possibility of a
mucosal protective immune response should be
analysed in depth.
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