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Skin reactivity to aeroallergens 1s reduced in human
T-lymphotropic virus type I-infected healthy blood-donors

(asymptomatic carriers)

Background: A type 2 immune response, characterized by high levels of
interleukin-4 and immunoglobulin E synthesis is a hallmark of respiratory
allergic diseases. Individuals infected with human T-lymphotropic virus type I
(HTLV-I) virus have spontaneous T-cell proliferation and increased interferon vy
production, which are immunological functions associated with a type 1 immune
response.

Objective: To determine the frequency of asthma and rhinitis symptoms and
immediate skin reactivity to aeroallergens in HTLV-I infected individuals,
compared with noninfected subjects.

Methods: Cross sectional study of 101 HTLV-I infected and 101 control
uninfected blood donors, assessed by enzyme-linked immunosorbent assay and
Western blot assays. The subjects were age and sex-matched, identified as
presenting allergy history by questionnaire, which was complemented by a
complete clinical examination and skin prick tests for aeroallergens.

Results: The frequency of atopy was lower in infected than uninfected subjects,
14.9 and 29.7% (P = 0.017), respectively. Skin reactivity to Dermatophagoides
pteronissynus, Dermatophagoides farinae and Blomia tropicalis were the most
frequently observed among all the tested antigens in both groups. Skin reactivity
to histamine was also reduced in the infected individuals compared with unin-
fected subjects (medians 4.0 vs 5.0, respectively; P < 0.0001). Infection by
HTLV-I was found to be a factor of protection to atopy (RP 0.44; P = 0.005).
Conclusions: The HTLV-I infection reduces the frequency of respiratory allergy
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Human T-lymphotropic virus type I (HTLV-I) is a
retrovirus highly prevalent in certain endemic areas such
as Salvador, Bahia (Northeastern Brazil) where 1.35% of
blood donors have circulating antibodies against this
virus (1). The HTLV-I infects CD4 " and CD8 " T cells
and establishes persistent infection (2). Individuals infec-
ted with HTLV-I have spontancous T-cell proliferation
and produce high levels of interleukin (IL)-2 and inter-
feron (IFN) vy, which are immunological functions asso-
ciated with a type 1 of immune response (2-3).
Cytokines regulate both the initiation and the main-
tenance of immune responses against foreign antigens.
The balance between Th1 and Th2 cells plays a major role
in immunity and hypersensitivity reactions in several

Abbreviations: EDSS, Expanded Disability Status Scale; HTLV-I,
human T-lymphotropic virus type I; HAM/TSP, HTLV-I associ-
ated myelopathy/tropical spastic paraparesis; OR, Odds ratio; PR,
Prevalence ratio.

diseases (4-5). Atopy is characterized by an immune
system that is biased to type 2 activation. Th2 cells secrete
IL-4, which stimulate B-cell proliferation and differenti-
ation to produce immunoglobulin (Ig)E antibodies (6).
Broadly stated, naturally occurring infections and micro-
bial exposures might reduce the likelihood of the devel-
opment of asthma and allergic diseases (4-5).

We have previously demonstrated that HTLV-I infec-
tions can suppress type 2 immune response, through
suppression of IL-4 production and IgE, reducing imme-
diate skin reactivity in patients co-infected with helmin-
thes (7-9). However, there are evidences that Th2 cells
might still be activated during HTLV-I infection despite
strong polarization towards type 1 immune response, as
we have observed the occurrence of asthma and high
levels of IgE has been detected in patients with HTLV-I
(10). The viral protein tax has been implicated in
promoting IL-4 expression (11). In addition, IL-5 has
been shown in PBMC supernatants from HTLV-I
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carriers (3). Therefore, the relationship between HTLV-I
infection and immune response in allergic disorders,
which is of great interest, could not be clearly anticipated.
The aim of our study is to determine the prevalence of
respiratory allergic diseases and skin reactivity to aero-
allergens in individuals infected with HTLV-I and com-
pares it with matched control healthy subjects.

Methods
Patients

In this cross-sectional study, we compared 101 HTLV-I infected and
101 uninfected blood donors recruited from the two major blood
banks in Salvador-Bahia-Brazil (Hemocentro da Bahia and Servigo
de Transfusdo de Sangue), followed up in a specialized outpatient
clinic at a University Hospital. All the subjects were age and sex-
matched. The University Hospital Medical Ethics Committee
approved this study, and all participants gave written informed
consent.

HTLV-I serologic tests

All patients were assessed by enzyme-linked immunosorbent assay
(Cambridge Biotech Corporation, Worcester, MA, USA) and
Western blot assays (Genelabs, Singapore). Additionally all sera
were screened for HIV, syphilis, hepatitis B, and hepatitis C.

History and physical examination

At the entry visit, a general health questionnaire was administered
to all subjects and their history of atopy was assessed (12). Stan-
dardized initial screening examinations were performed on all sub-
jects to evaluate upper and lower airways, skin, and lymph nodes. A
complete neurological exam searching for mild manifestations of
HTLV-I-related myelopathy was performed and the Expanded
Disability Status Scale (EDSS) determined (13). Subjects presenting
signs of myelopathy were excluded. Afterwards, skin prick tests
(SPT) to aeroallergens and spirometry (14) were carried out. None
of the individuals was taking antiallergic, antidepressant or immu-
nosuppressive medicines that might interfere with SPT and they had
not been given immunotherapy. All individuals were submitted to
fecal analysis by means of Hoffman and Baermann methods and
excluded in case of any positive stool sample to helminthes.

Skin prick test

Skin prick tests were performed on the right forearms of all indi-
viduals using a panel with 10 relevant local allergens: Dermatoph-
agoides pteronissynus (Der p), Dermatophagoides farinae (Der f),
Blomia tropicalis (Blo t), Aspergillus fumigatus (Asp), Cladosporium
herbarum (Clad), Periplaneta americana (Perip), Blatela germanica
(Blat), dog and cat epithilia (Alk Abello, Denmark) according to
standardized technique (15). Histamine (1/1000) and saline were
used as positive and negative controls, respectively. To avoid poss-
ible circadian differences in skin reactivity, skin tests were done be-
tween 9 and 11 AM. The size of the reaction was determined by
measuring the perpendicular diameters of the papullae, then halving
the sum (d1 + d2/2). The skin reaction was considered positive after
20 min whether the mean diameter was >3 mm in the presence of
positive histamine reaction and absence of reaction to saline control.
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Atopy was defined as history of allergic respiratory disease in the
preceding 12 months and SPT positive for at least one antigen tested.

Statistical analysis

Statistical analysis was performed using the software Statistical
Package of Social Sciences (SPSS®) 9.0 for Windows®. The inde-
pendent r-test was performed to analyze differences between means.
Nonparametric tests such as Mann—-Whitney U-test and Kruskal—
Wallis were used to compare groups when a normal distribution
could not be assured. Fisher’s exact test was chosen to compare
proportions. Prevalence ratios were used to compare the risk for
having positive skin reactions to allergens in HTLV-I infected vs
uninfected subjects. Binary logistic regression was used to predict
factors associated to skin reactivity to allergens (16). The Odds ratio
obtained was turned into prevalence ratios by means SAS program
version 8.1 for Windows® (17). At a P < 0.05 differences were
considered statistically significant.

Results

Two hundred and two patients were evaluated in this
study (92 males and 110 females; age range 20-59 years).
All of them scored EDSS = 0 (zero). The individuals
were predominantly black (43.1%) and nonsmokers
(72.8%). Family history of atopy was detected in 78
(38.6%) subjects and atopy was diagnosed in 45 (22.3%)
individuals.

Clinical characteristics

Table 1 summarizes the main data collected. The HTLV-I
infected and uninfected individuals were comparable
concerning age, gender and racial group distribution.
Family history of atopy was not significantly different
between infected and uninfected groups (37.6% vs 39.6%;
P = 0.89). The frequency of atopy was found to be lower

Table 1. Demographic data and history of atopy in human T-lymphotropic virus
type | (HTLV-I) infected individuals (asymptomatic carriers) and in HTLV-I uninfected
controls

Infected Uninfected
(n=101) (n=101) P-value

Gender (M/F) 46/55 46/55 1.00
Age in years (mean) 35.2 355 0.24
Racial group (%) 0.57

Black 32 (31.7) 39 (38.6)

Mullatos 47 (46.5) 40 (39.6)

White 18 (17.8) 20 (19.8)

Other 4 (4.0) 2 (2.0)
Number of siblings (median) 5 6 0.009
Blood transfusion (%) 10 (9.9) 0(0.0) 0.002
Family history of atopy (%) 38 (37.6) 40 (39.6) 0.89
Personal atopy (%) 15 (14.9) 30 (29.7) 0.017

Gender: M, male, F, female; atopy: frequency of asthma and allergic rhinitis in the
preceding 12 months and skin prick test positive to one allergen, at least.



in infected than uninfected subjects, 14.9 and 29.7%
(P = 0.017), respectively. This difference represents a
50% reduction in atopy in the HTLV-I infected group. In
this study, the majority of atopic subjects had rhinitis.
There were 15 of 101 (14.8%) individuals with allergic
rhinitis within the HTLV-I positive and 24 of 101 (23.7%)
in the control group. Only 12 of 202 (5.9%) subjects had
allergic asthma, seven (3.46%) of them associated to
rhinitis. There were five (4.95%) individuals with asthma
within the HTLV-I positive and seven (6.9%) in the
control group. Asthma was associated to rhinitis in seven
of 12 (58.3%) subjects, four within HTLV-I-infected and
three within control group.

Skin reactivity

Skin reactivity to Der p, Der f and Blo t were the most
frequently observed among all tested allergens in both
groups (Fig. 1). The majority of subjects sensitized to Der p
were also sensitized to Der fand in lesser extension to Blo t.
In order to identify whether not only the frequency but also
the magnitude of the skin reactivity to allergens were
different in the two groups the sum total of diameters of the
skin test reactions was calculated as follows [SPT
Sum = dAgl + dAg2 + dAg3...dAgl0] in all subjects.
We found that SPT sum was lower in infected than
uninfected group (medians 0 vs 3.0 respectively; P = 0.005)
(Fig. 2). Unexpectedly, skin reactivity to histamine was
reduced by 20% in the infected individuals compared to
uninfected subjects (medians 4.0 vs 5.0, respectively;
P < 0.001) as depicted in Fig. 3. Two HTLV-I infected
subjects did not react to histamine (1.98%).

In a logistic regression model, predictive variables for
skin reactivity to allergens such as serologic status,
gender, family history of atopy and reactivity to hista-
mine were tested. Infection by HTLV-I was considered a
factor of protection to atopy (RP 0.44; P = 0.005).
Higher prevalence ratios for development of positive skin
reactions were found among females, subjects with a
family history of atopy and were associated with reactiv-
ity to histamine (Table 2).

- |\:| Infected M Uninfected

Frequency (%)
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Derp Derf Blom Asp Clad Dog Cat Blat Perip
Aeroallergen

Figure 1. Frequency of positive reactions to specific aeroaller-
gens in human T-lymphotropic virus type I-infected (asympto-
matic carriers) and uninfected subjects.

HTLYV-I infection and atopy

P =0.005

SPT sum of diameters (mm)

Infected
(n=101)

Uninfected
(n=101)

Figure 2. Sum of the diameters of the reactions to all the
allergens tested in human T-lymphotropic virus type I-infected
(asymptomatic carriers) and uninfected subjects, expressed as
medians, 25th and 75th percentiles and range.
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Figure 3. Skin reactivity to histamine in patients infected with
human T-lymphotropic virus type I (asymptomatic carriers) and
uninfected controls.

Discussion

In the present study, we showed that the frequency of
atopy was lower in HTLV-I infected blood donors
(asymptomatic carriers) than in an uninfected matched
group. We also observed a reduction in the sum of
diameters of SPT to aeroallergens. In addition to these
findings, it was noteworthy a reduction in skin reactivity
to histamine in HTLV-I infected individuals.

The studied patients were HTLV-I asymptomatic
subjects without any chronic, consumptive or metabolic
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Table 2. Association between clinical predictive variables and skin reactivity in all subjects (n = 202)

Factor* Bt EP(B)E Odds (83% Cl) P-value$ PR (95% Cl)
Serolgic status HTLV-I positive -0.44 0.64 (0.5185; 0.7989) 0.005 0.44 (0.25-0.75)
Sex (female) 0.31 1.37 (1.1047; 1.6977) 0.045 1.19 (0.99-3.23)
Family history of atopy 0.31 1.36 (1.1015; 1.6972) 0.047 1.71 (1.01-2.88)
Reactivity to histamine 0.36 1.44 (1.1423; 1.8106) 0.03 1.77 (0.97-3.22)
Sext serologic status -0.26 0.76 (0.6192; 0.9526) 0.09° -

Constant -0.28 2.74% - 0.09 -

*Binary logistic regression for development of positive skin reactions. Conversion odds into PR (prevalence ratio) performed by means SAS® version 8.1.

tValue of each coefficient (B) in the model.
Wald coefficient.
8Regression test Wald ‘P-value.

co-morbidity. They were all candidates to voluntary
blood donation and we assumed that they had no major
problem with nutritional status. Variables such as age,
education, income and neighborhood among participants
were similar between groups. It is noteworthy that the
ISAAC Phase I Study in Salvador — Brazil reported
wheezing in the last 12 months and rhinitis in a frequency
of 27 and 31%, respectively, among adolescents, which is
exactly in the range of our healthy control group (18).
Studies have been unable to determine exactly at what
age subjects become infected with the HTLV-1 so far. This
lack of information is related to some features of the
HTLV-1 infection, namely: (i) the majority of HTLV-1-
infected subjects are asymptomatic, <5% of the indivi-
duals progress to myelopathy (HAM/TSP); (ii) serologic
tests to HTLV-I became available and mandatory in blood
bank’s routine in the mid-1980s. Therefore, HTLV-I
asymptomatic carriers have just been unexpectedly de-
tected by means of serologic tests in the occasion of blood
donation. The HTLV-1 is transmitted via three major
routes: (i) transmission from mother to child by breast-
feeding; (ii) from male to female (more frequent than from
female to male) by sexual contact; (iii) transmission by
infected blood, either by blood transfusion or by conta-
minated needles among drug addicts. In Brazil, the first two
routes of infection are the most frequently observed (1, 19).
Many factors can affect skin test reactions such as age,
gender, race and pathologic conditions (20). The lower
frequency of atopy within the group infected with HTLV-
I cannot be explained by age, gender or race. It is unlikely
that factors related to skin tests variability might have
contributed to these differences. Skin prick tests are
reproducible when performed by experienced individuals
(15). No differences regarding family history of atopy was
found between the groups, which have indicated that they
had similar atopic backgrounds. Skin reactivity to Der p,
Der fand Blo t were the most frequently observed in both
groups. This is in accordance with previous observations
made by others who have described these mites as the
most frequent aeroallergens in our country (21-22).
Several studies have demonstrated an inverse correla-
tion between infection and allergy (4-5). One of the most
common explanations to this observation is the hypothe-
sis of imbalance between Thl and Th2 patterns of
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cytokines secretion that might be deviated towards type
| immune response by many infections (23-24). High
levels of IL-2 and IFNy have been shown in supernatants
of nonstimulated lymphocyte cultures from asympto-
matic HTLV-I carriers (2, 3). It is well documented that
overproduction of IFNy may inhibit many immunologi-
cal functions associated to type 2 immune response
(8, 9, 24, 25). The HTLV-I-infected cells also stimulate
IL-18 production, which has suppressive effects selective
to IL-4 and are IFNy independent (24). Horiuchi et al.
demonstrated that HTLV-I infected patients showed a
significantly higher intracellular IFNvy/IL-4 ratio, lower
IL-4+ /IFN+ cell proportions, lower specific IgE to
Der p and Der fthan the noninfected control group (25).
These results indicate suppression of type 2 immune
response in individuals infected with HTLV-I, which
might interfere with skin reactivity to allergens and are in
agreement with our findings.

The SPT measures indirectly IgE mediated reactions
through histamine release from mast cells in the skin.
Several studies have documented that IFNy is able to
decrease IL-4 production and IgE levels, to inhibit mast cell
proliferation, decrease the number of skin mast cells and
suppress histamine release (8, 9, 24). Moreover, after
induction of wasp venom immunotherapy, venom-induced
absolute and relative histamine release was reduced and
this inhibitory effect was attributed to increased produc-
tion of IFNy and IL-10 (26). Another possible explanation
to our findings is that high levels of IFNy, IL-10 and
transforming growth factor (TGF)p could interfere in skin
reactivity to histamine and to allergens altogether (26, 27).
The TGF inhibits IL-4 and IFNy production by stimu-
lated human T cells, reduces allergic inflammation through
inhibition of IgE transcription and decreases mast cells
proliferation (27). Interferon v is a negative regulator of
immune response type 2, inhibit histamine release and
might cooperate with TGF to modulate mast cell medi-
ator release, in an experimental model of peritoneal mast
cells (28). Moreover, Th2 cells are more affected by
histamine-enhanced TGF-B1 suppression in an H2 recep-
tor-dependent fashion based on the cAMP pathway, which
is important for the regulation of allergic immune
responses (29). The immunologic events above mentioned
could be present and would act down regulating immune



response type 2 and decreasing skin reactivity to allergens
in a subgroup of HTLV-I infected individuals.

Intradermal injection of histamine causes vasodilata-
tion, leakage of plasma proteins and stimulates axon
reflexes within the dermis. The peptidergic nerves release
neuropeptides, which induce mediators release from mast
cells and cutaneous inflammation (30). Moreover, wheal
and flare reactions are dependent on histamine and
neuropeptides release. Skin blood vessels and nerves are
responsive to histamine (30). In the present study,
patients infected with HTLV-I showed lower skin reac-
tivity to histamine than did the controls. Subjects with
spinal cord injuries, multiple sclerosis or peripheral nerve
abnormalities show a decrease in reactivity to skin tests
(31-32). HTLV-I infection is a demylienating condition
that affects mainly the thoracic spinal cord. A low
number of HTLV-I infected patients, 1-5% on the
average, can progress to HTLV-I associated myelopa-
thy/tropical spastic paraparesis (HAM/TSP). Progression
to HAM/TSP has an insidious onset frequently lasting
many years. Limbs weakness, spastic paraparesis and
lumbar pain characterizes peripheral commitment asso-
ciated to intestinal, urinary and sexual dysfunction in
some patients (33, 34). It is noteworthy that some authors
have reported peripheral neuropathy in HTLV-I infected
individuals (33, 34). Aronin et al. reported that a
dysfunction of peripheral nerves and the lack of neuro-
peptides in demyelinizating disorders might potentialize
the inhibitory effects of IFNy on the skin (35). Alternat-
ively, dysfunction of the mast cells or vascular reactivity
might contribute to the diminished wheal and flare and
neurogenic inflammation in neuropathic states. Thus,
peripheral neuropathy might be present in some HTLV-I
carriers perhaps representing the earliest nerve dysfunc-
tion in a subgroup of HTLV-I infected subjects.

In the present study, the reduced skin reactivity to
allergens suggests that the type 2 immune response is
suppressed in a subgroup of HTLV-I infected subjects.
However, remarkable reduction in skin reactivity to
histamine might have contributed as a co-factor for
reduction of skin reactivity to allergens. Despite the fact
that HTLV-I infected subjects were completely asympto-
matic, poor reactivity to histamine highlights the hypothe-
sis that there might exist sub-clinical peripheral neural
commitment in such subjects. In order to pursue further the

References

1. Galvao-Castro B, Loures L, Rodriques
LGM, Sereno A, Ferreira OC, Franco
LGP et al. Distribution of human
T-lymphotropic virus type among blood
donors: a nationwide Brazilian study.
Transfusion 1997;37:242-243.

2. Biddison WE, Kubota R, Kawanishi T,
Taub DD, Cruikshank WW, Center DM
et al. Human T cell leukemia virus type I
(HTLV-I)-specific CD8 + CTL clones
from patients with HTLV-I-associated
neurological disease secrete proinflam-
matory cytokines, chemokines and mat-

HTLYV-I infection and atopy

question of the reduced histamine reactivity among
asymptomatic HTLV-1 carriers that might be attributed
to an early manifestation of neuropathy we have conducted
SPTsin 10 subjects with clear HTL V-1 related myelopathy/
tropical spastic paraparesis. The median diameter of the
skin reactions was 4 mm, the same found among asymp-
tomatic HTLV-1 carriers. It suggests neuropathy is not the
major factor determining skin hypo-reactivity to hista-
mine.

In cross sectional studies, the finding of an association
is no proof of causality. Moreover, one may not exclude
completely the possibility that atopics are less likely to be
infected with this virus. However, it seems more biolo-
gically plausible to consider the hypothesis that the
inverse associations observed are related to the fact that
HTLV-I infection reduces the frequency of respiratory
atopic diseases, inhibits skin reactivity to allergens and
skin reactivity to histamine. The mechanisms involved in
such phenomena and the definitive proof of causality
must be elucidated.

In conclusion, we have found a reduction in the
frequency of atopic respiratory disorders and of skin
reactivity to aeroallergens in HTLV-I-infected subjects
(asymptomatic carriers). However, these results must be
interpreted with caution, because it was also observed a
pronounced reduction to skin reactivity to histamine.
Suppression of skin reactivity to aeroallergens could be a
local expression of complex systemic neuroimmunologic
events related to suppression of histamine release and /or
reactivity to histamine in the skin, in this subgroup of
HTLV-I infected subjects. Further studies should be
designed to determine whether in addition to suppressing
skin reactivity to histamine, HTLV-I also down regulate
IgE specific to aeroallergens, which mechanisms are
involved, and whether T cells from atopic HTLV-I
infected subjects are functionally able to elicit a response
to stimulation with allergens.

Acknowledgments

The authors wish to express their gratitude to Prof. E. M. Carvalho,
Prof. A. Silvany Neto and the team of professionals from Hemo-
centro da Bahia and Servico de Transfusao de Sangue (STS) for
their valuable cooperation.

3. Carvalho EM, Bacellar O, Porto AF,
Braga S, Galvao—Castro B, Neva F.
Cytokine profile and immunomodula-
tion in asymptomatic human T-lymph-
otropic virus type I-infected blood
donors. J Acq Immune Defic Synd
2001;27:1-6.

rix metalloproteinase. J Immunol

1997;159:2018-2025.

383



Souza-Machado et al.

4.

12.

13.

14.

384

Clerici M, Shearer GM. A Th1-Th2
switch is a critical step in the etiology of
HIV infection. Immunol Today
1993;14:107-111.

. Shirakawa T, Enomoto T, Shimazu S,

Hopkin JM. The inverse association
between tuberculin responses and atopic
disorder. Science 1997;275:77-79.

. Yamaguchi M, Sayama K, Yano K,

Lantz CS, Noben-Trauth N, Chisei Ra C
et al. IgE Enhances Fc receptor |
expression and IgE-dependent release of
histamine and lipid mediators from
human umbilical cord blood-derived
mast cells: synergistic effect of 1L-4 and
IgE on human mast cell FcE receptor I
expression and mediator release.

J Immunol 1999;162:5455-5465.

. Aratijo M1, Lopes AA, Medeiros M,

Cruz AA, Sousa-Atta L, Solé D et al.
Inverse association between skin
response to aeroallergens and Schistoso-
ma mansoni infection. Int Arch Allergy
Immunol 2000;123:145-148.

. Porto AF, Neva FA, Bittencourt H,

Lisboa W, Thompson R, Alcantara L
et al. HTLV-I decreases Th2 type of
immune response in patients with
strongyloidiasis. Parasite Immunology
2001;23:503-507.

. Porto AF, Filho JO, Neva FA, Orge G,

Alcantara L, Gam A et al. Influence of
Human T-cell lymphotropic virus type 1
infection on serologic and skin tests for
strongyloidiasis. Am J Trop Med Hyg
2001;65:610-613.

. Souza-Machado A, Cruz AA, Galvdo

TS, Braga S, Porto A, Carvalho EM.
Paradoxical coexistence of atopic asthma
and Human T-Lymphotropic Virus
Type I (HTLV-I) infection: a case report.

J Invest Allergy Clin Immunol (in press).
. Li-Weber M, Giaisi M, Chlichlia K,

Khazaie K, Krammer PH. Human T cell
leukemia virus type I tax enhances 1L-4
gene expression in T cells. Eur J Immu-
nol 2001;31:2623-2632.

International Study of Asthma and
Allergies in Childhood Steering Com-
mittee (ISAAC). The international study
of asthma and allergies in childhood:
background and methods. Eur Resp J
1996;9:410s.

Kurtzke JF. Rating neurologic impair-
ment in multiple sclerosis: an expanded
disability status scale (EDSS).
Neurology 1983;33:1444-1452.
American Thoracic Society (ATS).
Standardization of spirometry — 1987.
Am Rev Respir Dis 1987;136:1285-1298.

15.

16.

18.

19.

20.

21.

22.

23.

24.

Demoly P, Michel FB, Bousquet J.

In vivo methods for study of allergy skin
tests, techniques, and interpretation. In:
Middleton E Jr, Reed CE, Ellis EF,
Adkinson NF Jr, Yunginger JW,

Busse WW, editors. Allergy principles
and practice, Sth edn. St Louis: Mosby
1998:430-437.

Hosmer DW, Lemeshow S. Applied
logistic regression, 2nd edn. New York:
John Wiley and Sons, 2000:369.

. Oliveira NF, Santana VS, Lopes AA.

Razdes de proporgdes e uso do método
delta para intervalos de confianga em
regressdo logistica [Proportion ratios
and the use of delta method for confid-
ence intervals in logistic regression]. Rev
Saude Publica 1997;31:90-91.

Naspitz CK. Epidemiology of allergic
respiratory disease in Brazil. Progress In
Allergy Clin Immunology 1997;4:90-93.
Araujo AQC, Andrade-Filho AS,
Castro-Costa CM, Menna-Barreto M,
Almeida SM. HTLV-I-associated myel-
opathy/tropical spastic paraparesis in
Brazil: a nationwide survey. J Acquir
Immune Defic Syndr 1998;19:536-541.
Barbee RA, Lebowitz MD, Thompson
HC, Burrows B. Immediate skin-test
reactivity in a general population sam-
ple. Ann Int Med 1976;84:129-133.
Sopelete MC, Silva DAO, Arruda LK,
Chapman MD, Taketomi EA. Derma-
topahgoides farinae (Der f 1) and Der-
matophagoides pteronyssinus (Der p 1)
allergen exposure among subjects living
in Uberlandia, Brazil. Int Arch Allergy
Immunol 2000;122:257-263.

Medeiros M Jr, Figueiredo JP, Almeida
MC, Atta AM, Taketomi EA, Silva
DAO et al. Association between mite
allergen (Der p 1, Der f 1, Blo t 5) levels
and microscopic identification of mites
or skin prick test results in asthmatic
subjects. Int Arch Allergy Immunol
2002;129:237-241.

Lewkowich IP, HayGlass KT. Endog-
enous [FN-y and IL-18 production
directly limit induction of type 2
immunity in vitro. Eur J Immunol
2002;32:3536-3545.

Horiuchi I, Kawano Y, Yamasaki K,
Minohara M, Furue M, Taniwaki T

et al. Thl dominance in HAM/TSP and
optico-spinal form of multiple sclerosis
versus Th2 dominance in mite antigen-
specific IgE myelitis. J Neurol Sci
2000;172:17-24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Pierkes M, Bellinghausen I, Hultsch T,
Metz G, Knop J, Saloga J. Decreased
release of histamine and sulfidoleukot-
rienes by human peripheral blood leu-
kocytes after wasp venon
immunotherapy is partially due to
induction of IL-10 and IFN-gamma
production of T cells. J Allergy Clin
Immunol 1999;103:326-332.

Schramm C, Herz U, Podlech J, Prot-
schka M, Finotto S, Reddehase M1J et al.
TGF-p regulates airway responses via
T cells. J Immunol 2003;170:1313-1319.
Bisssonnette EY, Chin B, Befus AD.
Interferons differentially regulate
histamine and TNF-o in rat intestinal
mucosal mast cells. Immunology
1995:86:12—-17.

Kunzmann S, Mantel PY, Wohlfahrt
JG, Akdis M, Blaser K, Schimidt-Weber
CB. Histamine enhances TGF-B1-medi-
ated suppression of Th2 responses.
FASEB J 2003;17:1089-1095.

Pettersen LJ, Church MK, Sthal Skov P.
Histamine is released in the wheal but
not the flare following challenge of hu-
man skin in vivo: a microdialysis study.
Clin Exp Allergy 1997;27:284-295.
Kuesgen B, Frankel HL, Anand P.
Decreased cutaneous sensory axon-reflex
vasodilatation below the lesion in
patients with complete spinal cord
injury. Somatosens Mot Res
2002;19:149-152.

Gilson G, Wright JV, DeLack E, Ball-
asiotes G. Transdermal histamine in
multiple sclerosis, part two: a proposed
theoretical basis for its use. Altern Med
Rev 2000;5:224-248.

Douen AG, Pringle CE, Guberman A.
Human T-cell lymphotropic virus type 1
myositis, peripheral neuropathy, and
cerebral white matter lesion in the
absence spastic paraparesis. Arch Neurol
1997;54:896-900.

Kiwaki T, Umehara F, Arimura Y, Iz-
umo S, Arimura K, Itoh K et al. The
clinical and pathological features of
peripheral neuropathy accompanied
with HTLV-I associated myelopathy.

J Neurol Sci 2003;206:17-21.

Aronin N, Leeman SE, Clements RS Jr.
Diminished flare response in neuropathic
diabetic patients. Comparison effects of
substance P, histamine and capsaicin.
Diabetes 1987;36:1139-1143.

Basile S, Khalil Z, Helme RD. Skin
vascular reactivity to the neuropeptide
substance P in rats with peripheral
mononeuropathy. Pain 1993;52:217-222.



