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Background Atopy is a state of allergy to common antigens and is founded on an immune 
disturbance of exuberant Th2 activity and IgE production. There is also epidemiological and 
experimental evidence that exposure to mycobacteria has the potential to suppress the 
development of asthma or atopy. Since Th1 and Th2 immune mechanisms are significantly 
antagonistic, it is hypothesized that mycobacterial exposure may moderate atopic disease by 
modification of immune responses. 
Methods One hundred and twenty mild to moderate persistent asthmatics accompanied with 
allergic rhinitis were randomly divided into four groups with one injection every other day for 18 
times for group A with 1 ml of normal saline, B with 0.5 mg of Bacillus Calmette-Gu¨¦rin 
polysaccharide nucleotide (BCG-PSN) and C with 1 mg of BCG-PSN, 36 times for group D with 
0.5 mg of BCG-PSN. Markers for the severity of asthma and rhinitis including the amount of 
inhaled corticosteriod, bronchodilator and oral H1 blocker-loratidine being used to obtain optimal 
symptomatic control, symptom scores of asthma and allergic rhinitis, peak expiratory flow (PEF), 
histamine provocative dose that produces at least a 20% change in forced expiratory volume with 
in 1 second (PD20-FEV1), blood IgE levels as well as dermatophagoides pteronysinus (DP) and 
dermatophagoides farinae (DF) skin prick test were measured every visit for 6 months. 
Results There were no differences for symptom scores of asthma, daily use of bronchodilator, 
PEF, PD20-FEV1, blood IgE as well as DF and DP skin prick test among the four groups. Score 
for allergic rhinitis decreased significantly in groups B, C and D on day 36 and 72 as compared 
with group A (P<0.05). Score for allergic rhinitis increased after day 72 in group B and C while it 
was significantly lower in group D (P<0.05). The patients in group D used less amount of inhaled 
beclomethosone than other groups (P<0.05) from day 72 after the treatment to day 180. Oral 
loratadine consumption in groups B, C and D was significantly less on day 36 and 72 as 
compared with their baseline and group A after the treatment (P<0.05). Group D maintained 
significantly lower dosage of oral loratadine until day 150 comparing with its baseline and group 
A. 
Conclusions BCG-PSN has a symptomatic effect on allergic rhinitis. BCG-PSN may reduce the 
dosage of non-sedative H1 blocker loratadine as well as the dosage of inhaled beclomethosone 
in the treatment of mild to moderate asthma and allergic rhinitis.
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The extensive evidence of Th2 cytokine involvement in the pathogenesis of allergic diseases
£Û1,2£Ý suggests a potential target for immunomodulation. Because the Th1 and Th2 cells are 
reciprocally regulated, several recent studies on Th2-associated diseases including asthma have 
shown to reverse the Th2 response into a protective Th1 response.£Û3,4£Ý 

Mycobacterium tuberculosis (M. tuberculosis) induces potent Th1 responses,£Û5£Ý and some 
epidemiologic studies£Û6,7£Ý have suggested that M. tuberculosis infection might reduce the 
risk of developing asthma. Shirakawa et al£Û6£Ý reported a strong inverse association between 
delayed hypersensitivity to M. tuberculosis and atopy. Recent experimental animal studies£Û8,9
£Ý have shown that Bacille Calmette-guerin (BCG) infection before allergen sensitization 
inhibited allergen-induced airway eosinophilia and hyperresponsiveness, which are the 
characteristic features of asthma. In addition, infection with BCG or administration of heat-killed 
Mycobacterium vaccae,£Û10£Ý even after allergen sensitization, inhibited an extablished allergic 
response. However, other studies£Û11,12£Ý failed to confirm the relationship between BCG 
vaccination during early childhood and the subsequent development of asthma or atopy.

In China there has been a long history of the repeated injection of inactivated BCG in treatment of 
asthma. Most of the publications reported a significant improvement in the majority of asthmatic 
patients.£Û13-15£Ý However, the findings have been difficult to interpret since the study designs, 
methodology and presentation of the results are somewhat different from standard scientific 
practice nowadays. In the present study we investigate the efficacy of another BCG product-BCG 
polysaccharide nucleotide (BCG-PSN) vaccination on the treatment of mild to moderate 
persistent bronchial asthma accompanied with allergic rhinitis in a placebo-controlled study with 
standardized methodology and outcome measurements. 

METHODS 

Study design 
It was a single-center, randomized, double-blind, placebo-controlled study. Patients were 18-45 
years old, with mild to moderate persistent bronchial asthma accompanied with various atopic 
disorders, predominantly allergic rhinitis for more than 1 year. Patients had never been treated 
with inhaled corticosteroid or were using inhaled beclomethasone ¡Ü400 ¦Ìg/d or equivalent in the 
previous half a year, required at least 200 ¦Ìg per week of short acting ¦Â2 agonist-salbutamol or 
equivalent for symptom relief and never used intranasal corticosteroid. They were required to 
have a baseline forced expiratory volume in 1 second (FEV1) > 60% of the predicted value and a 
post-bronchodilator FEV1 > 70% predicted. Patients also had to demonstrate 15% reversibility in 
FEV1 after the inhalation of 400 ¦Ìg of salbutamol or a weekly peak expiratory flow (PEF) 
variability ¡Ý15%. In 4 weeks of run-in period, the patients maintained their original dose of 
inhaled corticosteroids and administrated inhaled short acting ¦Â2 agonist, salbutamol and oral H1 
blocker, loratadine as needed. The patients were then divided randomly into four groups. Group 
A, as control group, was injected intramuscularly with 1 ml of normal saline solution, group B with 
0.5 mg (1 ml) BCG-PSN (Changsha Jiuzhitang Organic Pharmaceutical Company, Hunan 
Province, China), group C with 1 mg (2 ml) BCG-PSN every other day for 18 times and group D 
with 0.5 mg (1 ml) BCG-PSN every other day for 36 times. During 6-month treatment period, the 
patients were allowed to use inhaled beclomethasone, inhaled short acting ¦Â2 agonist 
(salbutamol) and oral loratadine as needed (Fig. 1). The dose of inhaled beclo-methasone was 
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increased by 50-100 ¦Ìg when the patient did not meet one of the following criteria at each visit: (i) 
daytime or nocturnal symptom score¡Ü1; (ii) dose of inhaled salbutamol ¡Ü100 ¦Ìg per week; (iii) 
morning and night PEF¡Ý80% predicted value; (iv) weekly PEF variability<15%. However, the 
patients who required inhaled beclomethasone ¡Ý400 ¦Ìg/d or systemic adminis-tration of 
corticosteroid should be withdrawn from the study.

Skin prick tests 
Skin prick tests were done with standard allergen extracts (Soluprick, ALK, Copenhagen, 
Denmark) of dermatophagoides pteronysinus (DP) and dermatophagoides farinae (DF). The 
diluant control gave a negative result while a wheal exceeding one-half to one of the histamine 
hydrochloride (10 mg/ml) response was scored as 1, one to two as 2, two to three as 3 and 
greater than three as 4.£Û16£Ý Only those with at least 1 score of skin prick test to DP and DF 
were enrolled. 

Skin test for purified protein derivative of tuberculin (PPD)
A total of 0.1 ml of 0.05% PPD was injected subcutaneously for skin test. A simple millimeter ruler 
was used to measure the indurations in 2 planes, the largest vertical and horizontal readings, 72 
hours after the injection. Induration size ¡Ü4 mm was considered as negative, 5-10 mm +, 11-20 
mm ++ and > 20 mm +++. Only those with PPD induration size + to ++ were acceptable as past 
exposure to mycobacteria.

Serum IgE analysis 
Peripheral blood taken from the patients at Visit 2, 4 and 8. Level of serum IgE and of specific IgE 
antibodies against DP and DF were determined by fluorescent enzyme immunoassay (Pharmacia 
CAP System, Pharmacia, Uppsala, Sweden). This system was previously described in detail.
£Û17,18£Ý Patient samples were run in single determinations and evaluated against the stored 
calibration curve, and results were expressed as kIU/L.

Outcome measures
The primary outcome variables were mean daytime and nocturnal asthmatic symptom scores and 
daily symptom score of allergic rhinitis, daily dosage of inhaled beclomethasone, salbutamol and 
oral loratidine, as well as mean morning and night-time PEF recordings made with a Mini Wright 
Peak Flow Meter, as recorded in patient diary cards.

Secondary outcome variables were defined as FEV1 (pre-bronchodilator) and airway 
responsiveness to histamine bronchoprovocation test (PD20-FEV1) at Visit 2, 4 and 8. 

Thirdly, DP and DF skin prick tests were given and blood samples were taken at Visit 2, 4 and 8. 
Total serum immunoglobulin E (IgE) and specific IgE to DP and DF were assessed.

Ethics
Ethics Committee of Guangzhou Institute of Respiratory Diseases approved the study. All the 
patients gave informed consent before entering the study.

Statistical analysis
Values are expressed as mean¡Àstandard error (SE). One-way analysis of variance (ANOVA) 
was applied to determine statistical differences among four patient groups at each time point 
using SPSS 10.0 for Windows (SSPS Inc. Chicago, IL, USA). Significance was accepted at 
P¡Ü0.05.
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RESULTS

The study population consisted of 138 patients at the first visit. After 4 weeks of run-in period, 18 
patients did not meet the criteria and were withdrawn. Therefore, 120 patients were allocated 
randomly into 4 groups with 30 in each group. The patients of four groups were similar with 
regard to gender distribution, age, asthmatic and rhinitis duration. Daytime and nocturnal 
symptom score of asthma, daily symptom score of allergic rhinitis, baseline FEV1 % predicted, 
morning PEF, weekly variation of PEF, daily dosage of inhaled salbutamol and beclomethasone 
as well as oral loratadine did not show significant differences among the four groups (Table 1).

Symptoms of asthma and allergic rhinitis
Daytime asthma symptom scores showed significant decreased (P<0.05) in groups B, C and D 
on day 72. All four groups relieved their daytime asthma symptoms significantly from day 72 to 
180 (P<0.05). Nocturnal asthma symptom scores in all four groups decreased significantly after 
the treatments from day 36 to 180 (P<0.01). Score for allergic rhinitis also decreased significantly 
in groups B, C and D on day 36 and 72 as compared with group A (P<0.05). The score increased 
after day 72 in group B and C but stayed significantly lower lever (P<0.05) in group D till the end 
of the study (Fig. 2). 

Usage of medication
The patients in group D used less amount of inhaled beclomethosone than other groups from day 
72 to 180 with significant difference (P<0.05) on day 72 and 120. Inhaled salbutamol among four 
groups showed the tendency toward decrease but the differences were not significant and the 
amounts of salbutamol did not differ among the four groups at each visit. However, group B, C 
and D used significant less amount of oral loratadine on day 36 and 72 as compared with their 
baseline and group A respectively (P<0.05). Group D maintained significantly lower dosage of 
oral loratadine until day 150 compared with its baseline and group A respectively (Fig. 3).

Lung function, airway responsiveness, skin prick test and serum IgE
PEF in the four groups increased gradually with significant difference on day 120 (group C and 
D), 150 and 180 as compared with their baseline respectively (P<0.05). Weekly variation of PEF 
of the four groups also decreased after the treatment with significant differences on day 72, 90 
(group C), 120 (group A, C and D), 150 and 180 comparing their baseline respectively (P<0.05) 
(Fig. 4). PD20-FEV1 of histamine, DP and DF skin prick test, total serum IgE and specific serum 
IgE against DP and DF did not show significant changes before and after the treatment in the four 
groups. Also, these variables did not show significant differences among the four groups at each 
visit (Table 2).

DISCUSSION

This human study suggests that repeated doses of BCG-PSN given intramuscularly to 
established mild to moderate asthma with allergic rhinitis had a symptomatic effect on allergic 
rhinitis, and reduced the dosage of Inhaled beclomethosone in asthma. This is the first study 
showing a therapeutic effect of BCG product on human asthma accompanied with allergic rhinitis.

In retrospective human studies£Û19-21£Ý which failed to demonstrate protection against the 
development of asthma or atopy, BCG vaccinations were performed during early childhood and 
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the effects were evaluated several years later. Therefore, as suggested by von Hertzen and 
Haahtela,£Û22£Ý it is likely that the relatively weak cell-mediated immune responses induced by 
BCG vaccination were insufficient to sustain long-term protection against asthma. Although BCG 
vaccination has been reported to offer more than 70% protection against tuberculosis for at least 
10 years,£Û23£Ý repeated exposure to different allergens over a prolonged period might 
abrogate the protective effects of BCG vaccination.

The apparent beneficial effects shown in the present study may not be reproducible in Western 
countries where tuberculosis prevalence is very low and BCG vaccination is not routinely 
performed. As tuberculosis prevalence in China is high and most Chinese receive BCG 
vaccination in childhood, all patients in this study showed evidence of past exposure to 
mycobacteria as all their skin test for PPD were + and ++. Therefore, in these cases, BCG-PSN 
vaccination might have had a booster effect. Choi et al£Û3,4£Ý also showed that BCG 
vaccination significantly increased pulmonary function and reduced asthma medication use, 
resulted in an apparent increase in IFN-¦Ã/IL-4 ratio, shifting the Th1/Th2 balance toward Th1, in 
adult patients with moderate-to-severe asthma.

The ability of mycobacterium to induce the Th1 immune response has been attributed to diverse 
features of the mycobacterium including its cell wall constituents,£Û24£Ý the proteins it secretes,
£Û25£Ý the intracellular environment of the macrophage in which it sequesters, and even the 
unmethylated copies of DNA it releases.£Û26£Ý However, there were a number of reports 
regarding the local and systemic adverse responses to the heat-killed M. bovis with the 
development of red tender lumps, itch and blistering reactions, and even abscesses at the sites of 
injection.£Û3,21£Ý Therefore, vaccination-site reactions occurring only in the BCG group may 
have influenced the blinding of the study. BCG-PSN is purified and extracted from BCG by hot 
phenol and acetic acid with only 0.66% of protein, which gives little local and systemic reaction. 
Unlike other human studies£Û3,21£Ý with obvious local reactions on the injection site of heat 
killed BCG that influenced the blinding of the study, no erythema and other reactions occurring on 
the vaccination site in all groups in this study allow good a blindness among control and treatment 
groups, and better compliance of the patients to complete the study. 
Dose, dose frequency and duration of established asthma and allergic rhinitis are other important 
considerations. Our dose schedule was based on the recommendation from the pharmaceutical 
company and previous work. Increase of the dose (from 0.5 mg in group B to 1 mg in group C) of 
BCG-PSN did not slow down increasing the amount of inhaled beclomethasone, which suggests 
0.5 mg of BCG-PSN each injection is good enough to induce therapeutic response. However, 
increase of the duration of BCG-PSN administration in group D showed a tendency in decreasing 
the addition of amount of inhaled beclomethosone, better relieving the symptoms of allergic 
rhinitis and reducing the usage of H1 blocker, loratidine although the symptoms of allergic rhinitis 
became worse gradually when stopping the administration of BCG-PSN. The patients in this 
study had a mean duration of mild to moderate asthma and allergic rhinitis of 5-7 years, whereas 
the patients in another study£Û21£Ý had a mean duration of asthma of 25 years, indicating that 
marked structural changes may have occurred in their airways as a result of the remodeling 
process which failed to demonstrate significant efficacy with BCG vaccine. Therefore, the efficacy 
of mycobacterium-based vaccines such as BCG in preventing the development of atopy or 
influencing its progression may be only applied in newly established disease such as allergic 
rhinitis or accompanied with short history of allergic asthma, but more studies need to be done 
and its mechanism remains to be determined.

BCG-PSN contains 77.8% of polysaccharide and 16.67% of nucleic acids. Polysaccharide has 
been shown to stimulate many of the cellular inflammatory events including macrophage 
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activation and production of the cytokines IL-12, TNF¦Á and IL-6.£Û27,28£Ý Yamamoto and 
colleagues£Û29£Ý demonstrated for the first time that DNA from M. bovis BCG activated natural 
killer (NK) cells and enhanced IFN-¦Ã production in mice. They also determined several 
sequences of 30-mer oligonucleotides that most potently augment the secretion of IFN-¦Ã and NK 
activity.£Û30£Ý Fujieda et al£Û31£Ý reported that DNA fraction purified from M. bovis BCG 
inhibited IgE production and enhanced production of IFN-¦Ã and IL-12 in human peripheral blood 
mononuclear cells from normal and atopic donors. It may be considered that DNA fraction in 
nucleic acid of BCG-PSN was crucial for the effect of relief of actopic symptoms by inhibiting IgE 
production.However, in our study we did not find significant improvements of serum and specific 
IgE and the reactions of DP and DF skin prick test as well as airway hyperresponsiveness after 
the treatment with BCG-PSN. The reasons for these may be short-course treatment with BCG-
PSN as well as many uncontrollable variables such as uneven length of history of asthma and 
rhinitis, different kinds, length and doses of medications having been used as well as less 
specificity of IgE to DP and DF peptide fraction. One other consideration of the mechanism of 
BCG in the treatment of atopy could be the validity of the underlying hypotheses. The Th2 
hypothesis of asthma pathogenesis, although convenient, may be considered as an 
oversimplification. Since the initial description of Th1 and Th2 lymphocyte subsets in mice in 1986 
and not long after in humans, further subsets have been described, for example Th3 cells and T 
regulatory cells that have powerful immunosuppressive properties producing transforming growth 
factor-¦Â (TGF-¦Â) and IL-10 that may counter regulate the Th2 response.£Û32£Ý The Th1/Th2 
concept has also been applied to other leukocyte subpopulations than just CD4 cells, and an 
increasing number of cell types are recognized as contributing to the classical cytokine patterns. 
The type 1 response itself may have a role in asthma pathogenesis through provision of signals 
necessary for Th2 cells to be effectively recruited.£Û33,34£Ý One study that specifically 
investigated the capacity of Th1 cells to counterbalance the pro-asthmatic effects of Th2 cells 
actually caused severe airway inflammation.£Û35£Ý Further investigations need to be proceeded 
on the exact mechanisms of BCG vaccination in the treatment of atopy.

In summary, in current human study of mild to moderate persistent asthma and allergic rhinitis we 
found that BCG-PSN had a symptomatic effect on allergic rhinitis. BCG-PSN could reduce the 
dosage of non-sedative H1 blocker loratadine as well as the dosage of Inhaled beclomethosone. 
Further study will be needed to focus not only on improving the active component of BCG-PSN, 
but also on whether different dosing and course schedules and routes of administration such as 
directly inhaled to the airways or applied on the skin may lead to efficacy in the treatment of 
atopic asthma and other allergic diseases.

REFFERENCES

1.Xie ZF, Shi HZ, Qin XJ, et al. Effects of antigen presentation of eosinophils on lung Th1/Th2 
imbalance. Chin Med J 2005;118:6-11.
2.Shi HZ. Eosinophils in asthma. Chin Med J 2004;117:792-794.
3.Choi IS, Koh YI. Therapeutic effects of BCG vaccination in adult asthmatic patients: a 
randomized, controlled trail. Ann Allergy Asthma Immunol 2002;88:584-591.
4.Choi IS, Koh YI. Effects of BCG revaccination on asthma. Allergy 2003;58:1114-1116.
5.Orme IM, Andersen P, Boom WH, et al. T cell response to Mycobacterium tuberculosis. J Infect 
Dis 1993;167:1481-1497.
6.Shirakawa T, Enomoto T, Shimazu S, et al. The inverse association between tuberculin 
responses and atopic disorder. Science 1997;275:77-79.
7.von Mutius E, Pearce N, Beasley R, et al. International patterns of tuberculosis and the 
prevalence of symptoms of asthma, rhinitis, and eczema. Thorax 2000;55:449-453.

http://www.cmj.org/information/full.asp?id=2216 (6 di 8)24/10/2005 23.31.26



Efficacy of intramuscular BCG polysaccharide nucleotide on mild to modera...h allergic rhinitis: a randomized, double blind, placebo-controlled study

8.Erb KJ, Holloway JW, Sobeck A, et al. Infection of mice with Mycobacterium bovis-Bacillus 
Calmette-Guerin (BCG) suppresses allergen-induced airway eosino-philia. J Exp Med 
1998;187:561-569.
9.Herz U, Gerhold K, Gruber C, et al. BCG infection suppresses allergic sensitization and 
development of increased airway reactivity in an animal model. J Allergy Clin Immunol 
1998;102:867-874.
10.Wang CC, Rook GA. Inhibition of an established allergic response to ovalbumin in BALB/c 
mice by killed Mycobacterium vaccae. Immunology 1998;93:307-313.
11.Wong GW, Hui DS, Tam CM, et al. Asthma, atopy and tuberculin responses in Chinese 
schoolchildren in Hong Kong. Thorax 2001;56:770-773.
12.Strannegard IL, Larsson LO, Wennergren G, et al. Prevalence of allergy in children in relation 
to prior BCG vaccination and infection with atypical mycobacteria. Allergy 1998;53:249-254.
13.Wen YX, Luo YZ, Zhang SH, et al. Consecutive 5-year observation of predominant 
deactivated BCG in treatment of pediatric indolent bronchioasthma. Tian Jin Med (Chin) 
1987;3:155-157.
14.Huo ZZ, Liao ZX, Wu YB, et al. Inactivated BCG injection in the management of asthma (100 
cases report). Guangzhou Med J (Chin) 1984;15:16-18. 
15.Gao JS, Xie ZD, Fang JZ, et al. The application of BCG polysacchariede nucleic acid in the 
management of childhood asthma. Acta Hu Nan Med Univ (Chin) 1992;17:365-367. 
16.Aas K. Some variables in skin prick testing. Allergy 1980;35:250-252.
17.Bousquet J, Chanez P, Chanal I, et al. Comparison between RAST and Pharmacia CAP 
System: a new automate specific IgE assay. J Allergy Clin Immunol 1990;85:1039-1043.
18.Ewan PW, Coote D. Evaluation of a capsulated hydrophilic carrier polymer (the Immuno CAP) 
for measurement of specific IgE antibodies. Allergy 1990;45:22-29.
19.Strannegard IL, Larsson LO, Wennergren G, et al. Prevalence of allergy in children in relation 
to prior BCG vaccination and infection with atypical mycobacteria. Allergy 1998;53:249-254.
20.Omenaas E, Jentoft HF, Vollmer WM, et al. Absence of relationship between tuberculin 
reactivity and atopy in BCG vaccinated young adults. Thorax 2000;55:454-458.
21.Shirtcliffe PM, Easthope SE, Weatherall M, et al. Effect of repeated intradermal injections of 
heat-inactivated Mycobacterium bovis bacillus Calmette-Guerin in adult asthma. Clin Exp Allergy 
2004;34:207-212.
22.von Hertzen LC, Haahtela T. Could the risk of asthma and atopy be reduced by a vaccine that 
induces a strong T-helper type 1 response? Am J Respir Cell Mol Biol 2000;22:139-142.
23.The Research Committee of the British Thoracic Association. Effectiveness of BCG 
vaccination in Great Britain in 1978. Br J Dis Chest 1980;74:215-227.
24.Chatterjee D, Khoo KH. Mycobacterial lipoarabinomannan: an extraordinary lipoheteroglycan 
with profound phusiologic effects. Glycobiology 1998;8:113-120.
25.Young DB, Kaufmann SH, Hermans PW, et al. Mycobacterial protein antigens: a compilation. 
Mol Microbiol 1992;6:133-145.
26.Sun S, Kishimoto H, Sprent J. DNA as an adjuvant: capacity of insect DNA and synthetic 
oligodeoxy-nucleotides to augment T cell responses to specific antigen. J Exp Med 
1998;187:1145-1150.
27.Prigozy TI, Sieling PA, Clemens D, et al. The mannose receptor delivers lipoglycan antigens 
to endosomes for presentation to T cells by CD1b molecules. Immunity 1997;6:187-197.
28.Roach TI, Barton CH, Chatterjee D. Macrophage activation: lipoarabinomannan from avirulent 
and virulent strins of Mycobacterium tuberculosis differentially induce the early genes c-fos, KC, 
JE, and tumor necrosis facor-alpha. J Immunol 1993;150:1886-1896.
29.Yamomoto S, Kuramoto E, Shimada S, et al. In vitro augmentation of naturl killer cell activity 
and production of interferon-¦Á/¦Â and -¦Ã with deoxyribonucleic acid fraction from Mycobacterium 
bovis BCG. Jpn J Cancer Res 1988;79:866-873.
30.Yamamoto S, Yamamoto T, Kataoka E, et al. Unique palindromic sequences in synthetic 

http://www.cmj.org/information/full.asp?id=2216 (7 di 8)24/10/2005 23.31.26



Efficacy of intramuscular BCG polysaccharide nucleotide on mild to modera...h allergic rhinitis: a randomized, double blind, placebo-controlled study

oligonucleotides are required to induce INF and augment INF-mediated natural killer activity. 
1992;148:4072-4076.
31.Fujieda S, Iho S, Kimura Y, et al. DNA from Mycobacterium bovis bacillus Calmette-Guerin 
(MY-1) inhibits immunoglobulin E production by human lymphocytes. Am J Respir Crit Care Med. 
1999;160:2056-2061.
32.Renz H, Herz U. The bidirectional capacity of bacterial antigens to modulate allergy and 
asthma. Eur Respir J 2002;19:158-171.
33.Lee N, Gelfand E, Lee J. Pulmonary T cells and eosinophils: pathology? J Allergy Clin 
Immunol 2001;107:945-957.
34.Holtzman MJ, Sampath D, Castro M, et al. The one-two of T helper cells: does interferon-
gamma knock out the Th2 hypothesis for asthma? Am J Respir Cell Mol Biol 1996;14:316-318.
35.Hanson G, Berry G, DeKruyff R, et al. Allergen-specific Th1 cells fail to counterbalance Th2 
cell-induced airway hyperreactivity but cause severe airway inflammation. J Clin Invest 
1999;103:175-183.

 Chinese Medical Journal® 2003, All Rights Reserved ©. 

http://www.cmj.org/information/full.asp?id=2216 (8 di 8)24/10/2005 23.31.26

http://www.textclick.com/viewmain.asp?name=chinmedj

	cmj.org
	Efficacy of intramuscular BCG polysaccharide nucleotide on mild to moderate bronchial asthma accompanied with allergic rhinitis: a randomized, double blind, placebo-controlled study


