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Summary

Background Bacterial endotoxin is known to induce interferon
� and interleukin 12 production, and therefore has the
potential to decrease allergen sensitisation. To find out the
role of early chronic endotoxin exposure in the development of
allergen sensitisation and asthma, we compared
concentrations of endotoxin in house dust with allergen
sensitisation in infants at high risk for developing asthma.

Methods 61 infants 9–24 months old with at least three
physician-documented episodes of wheezing were studied.
Concentrations of house-dust endotoxin and allergens were
measured in the infants’ homes. Allergen sensitisation was
measured by skin-prick testing with a panel of common
inhalant and food allergens. In a subset of these infants,
proportions of T lymphocytes producing interferon �, and
interleukins 4, 5, and 13 were calculated by cell-surface and
intracellular cytokine staining, with flow cytometry.

Findings House-dust endotoxin concentrations ranged from
104 to 10 000 endotoxin units (EU) per mL (geometric mean
912 EU/mL). Concentrations did not vary significantly over a 6-
month interval. Ten infants (16%) were sensitised to at least
one allergen. The homes of allergen-sensitised infants
contained significantly lower concentrations of house-dust
endotoxin than those of non-sensitised infants (mean 468 vs
1035 EU/mL, respectively; p=0·01). Increased house-dust
endotoxin concentrations correlated with increased proportions
of interferon-�-producing CD4 T cells (p=0·01). Such
concentrations did not correlate with proportions of cells that
produced interleukins 4, 5, or 13.

Interpretation This study may provide the first direct in-vivo
evidence that indoor endotoxin exposure early in life may
protect against allergen sensitisation by enhancing type 1
immunity.

Lancet 2000; 355: 1680–83

Introduction
Endotoxin is derived from the cells walls of gram-negative
bacteria, and can be detected in house dust in widely
varying concentrations.1–3 The potential of endotoxin to
abrogate the development of allergy can be appreciated by
considering the mechanisms of endotoxin-induced immune
responses. In studies on human peripheral blood cells,
endotoxin is a potent inducer of the type 1 cytokines
interferon � and interleukin 12.4,5 Interferon � is counter-
regulatory to the development of lymphocytes that produce
the type 2 cytokines (interleukins 4, 5, 13), that underlie the
immune pathogenesis of allergic diseases.6

On this basis, chronic endotoxin exposure in infants (ie,
before polarised T-cell responses are established), might be
expected to protect against allergen sensitisation by
continually enhancing type 1 lymphocyte development.
Indeed, in young children, increased interferon-�
production in vitro by peripheral-blood mononuclear cells
has been associated with a lack of specific allergen
sensitisation to mites, and with decreased rates of asthma.7

Conversely, decreased interferon-� production in children,
and even newborn babies, has been associated with
increased atopy.8–11 We aimed to find out whether chronic
environmental endotoxin exposure mitigates the
development of allergen sensitisation in young asthma-
prone children by enhancement of type 1 immunity.

Methods
Participants
61 asthma-prone infants were recruited at enrolment in a separate
study on the prevention of chronic asthma in young children,
funded by the US National Institutes of Health (#R18-AI41137).
Enrolment criteria were: age 9–24 months, three physician-
documented wheezing episodes, and low socioeconomic status;
these characteristics have been defined as high-risk features for the
development of asthma.12,13 The study was approved by the
National Jewish Medical & Research Center Institutional Review
Board for human research, and the Scientific Advisory Committee
for the University of Colorado Health Sciences Center General
Clinical Research Center. Parental informed consent was obtained
before study participation.

Methods
Allergen sensitisation was assessed by allergy skin-prick testing to
common indoor inhalant allergens and food allergens by Quintest
(Bayer, Spokane, WA, USA). Aeroallergen extracts used for skin
testing were dust mite, cat, dog, cockroach, and mouse; food allergen
extracts were milk, egg, and soya; the positive control was histamine,
and the negative control was glycerol in saline (Bayer, Elkhart, IN,
USA). A skin test was regarded as positive if the wheal reaction was
at least 3 mm in diameter larger than the negative control.14

House-dust samples were collected in muslin filters fitted onto
the tubing of a canister vacuum cleaner. A house-dust sample was
collected from each household by vacuuming the living-room floor
and couch, kitchen floor, bedroom floor, and the participant’s bed.
Dust samples were kept in separate plastic air-tight containers at
�20ºC until assayed.
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House-dust samples were sieved through a 50-mesh metal sieve
(Newark Metal Cloth Company, Newark, NJ, USA) and
suspended in pyrogen-free phosphate-buffered saline at a final
concentration of 5 g/L. Samples were sonicated for 60 min, with
vortexing for 15 s every 15 min, and were diluted in pyrogen-free
water. Endotoxin concentration was measured by the Limulus
Amebocyte Lysate assay (Bio-Whittaker QCL-1000, Walkersville,
MD, USA) under pyrogen-free conditions. Endotoxin
concentration is expressed in endotoxin units (EU) per mL, on the
basis of the reference standard developed by the US Food and
Drug Administration. Serial dilutions of each sample were run in
triplicate.

From house-dust samples, concentrations of the major epitopes
of the common indoor allergens Der p1, Der f1, Fel d1, Can f1,
and Bla g1 were measured by the Reference Laboratory for
Dermatology, Allergy & Clinical Immunology (Johns Hopkins
University, Baltimore, MD, USA), by sandwich ELISA.15 The
lowest limits of detection for these assays are: 19 ng/g (of dust) for
Der p1, 19 ng/g for Der f1, 19 ng/g for Fel d1, 149 ng/g for Can f1,
and 0·39 U/g for Bla g1.

Peripheral-blood mononuclear cells were obtained from 3 mL
heparinised blood by Ficoll-Hypaque density centrifugation
(Amersham Pharmacia Biotech, Piscataway, NJ). The cells were
resuspended at 2
106 cells/mL in RPMI 1640 with 10% fetal calf
serum (Gibco BRL/Life Technologies), and stimulated for 4 h in
5% carbon dioxide at 37ºC with 25 
g/L phorbol 12-myristate 13-
acetate (Sigma, St Louis, MO, USA), 1 mg/L ionomycin (Sigma),
and 10 mg/L brefeldin A (Sigma). This process induced and
optimised the production and accumulation of intracellular
cytokines for staining, without altering cell-surface staining
characteristics. Stimulated peripheral-blood mononuclear cells
were then fixed, lysed, rendered permeable, and stained for cell-
surface markers and intracellular cytokines with commercially
available reagents (Becton Dickinson, San Jose, CA, USA). Cell-
surface markers were PerCP-CD4 (SK3) and APC-CD8 (SK1),
and cytokine-specific antibodies for intracellular staining were
phycoerythrin-interleukin-4 (3010.211), interleukin 5 (JES1-
39D10), interleukin 13 (JES10-5A2), and interferon � (25723.11;
Becton Dickinson/Pharmingen). Flow cytometry was done with a
five-parameter argon-laser flow cytometer (FacsCalibur, Becton
Dickinson) and data were analysed with CellQuest version 3.01
software (Becton Dickinson). We aimed to run 50 000 gated
lymphocytes (based on forward/side scatter gating) for each flow-
cytometry specimen to quantify accurately rare cytokine-expressing
cell populations. Because of the limitations regarding blood
sampling from infants, this procedure was not always possible;
therefore, only flow-cytometry specimens yielding over 10 000
gated lymphocytes were included in the analysis.

Statistical analysis
Continuous variables were first assessed for normality of their
distributions with the Shapiro-Wilk W test. Data were log
transformed in some circumstances to normalise data distributions
and allow for parametric statistical testing (ie, t test, pairwise
correlation). When data were not normally distributed, or when
numbers of participants per group were small, non-parametric
analyses were done (eg, Wilcoxon’s rank sums test). For
differences in proportions, Fisher’s exact test was used.

Results
The 61 asthma-prone infants were divided into those who
were positive on the skin-prick test (n=10) and those who
were negative (n=51). The ten allergen-sensitised infants
showed no response to the negative control, but at least one
positive skin test to major indoor inhalant allergens (nine
infants) and/or food allergens (four infants). The nine
aeroallergen-sensitive infants were skin-test positive for dust
mites (six infants), cat (three), dog (one), and mouse (one);
the four food-sensitive infants were sensitised to milk
(three) and egg (three). No significant differences between
groups with regard to age, sex ratio, ethnicity, or parental
atopy were found (table 1). 

House-dust samples from all 61 infants’ homes were
analysed for endotoxin and allergen content. The geometric
mean concentration of house-dust endotoxin was 
912 EU/mL, and ranged from 104 EU/mL to 10 000
EU/mL in the different households studied. Neither sex nor
ethnicity significantly influenced concentrations of house-
dust endotoxin (gender: male [n=39] vs female [22],
p=0·45 [t test]; ethnic groups: white [n=25] vs black [24] vs
hispanic [30], p=0·21 [ANOVA]). To assess the variation
in concentrations of house-dust endotoxin over time, repeat
dust sampling was obtained 6 months after initial sampling
from 11 households. The differences in endotoxin
concentrations over the 6-month period were not
significant (p=0·78, t test), revealing the chronic nature of
environmental endotoxin exposure in the home.

To measure the potential effect of environmental
endotoxin exposure on allergen sensitisation, we compared
concentrations of house-dust endotoxin between skin-test
positive and skin-test negative infants. The sensitised
infants had significantly lower concentrations of endotoxin
in their homes than non-sensitised infants (geometric mean
468 vs 1035 EU/mL, respectively; p=0·01; figure 1). When
infants sensitised to inhalant allergens or food were
separately compared with skin-test negative infants,
significantly lower concentrations of house-dust endotoxin
were also found in the skin-test positive infants (inhalant
allergens vs skin-test negative, p=0·01; food allergens vs
skin-test negative, p=0·04; Wilcoxon’s test).
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Skin-test positive Skin-test negative p*
(n=10) (n=51)

Demographics
Mean (range) age (years) 1·66 (1·10–2·14) 1·55 (0·87–2·25) 0·46
Sex (male/female) 4/6 35/16 0·15
Ethnicity (white/black/hispanic/other) 3/3/4/1 12/12/26/1 0·56
Parental atopy† 8 (80%) 33 (65%) 0·47

House-dust aeroallergens
Detectable‡ 10 (100%) 48 (94%) 1·0
Above sensitisation threshold§ 6 (60%) 25 (49%) 0·73

*t test for age, otherwise Fisher’s exact test. †Mother and/or father with history of
asthma, atopic dermatitis, and/or rhinitis/hay fever. ‡At least one house-dust
aeroallergen concentration above detection limit. §At least one house-dust aeroallergen
concentration above previously reported sensitisation thresholds.

Table 1: Infants’ characteristics and allergen exposure

Figure 1: House-dust endotoxin concentrations in allergy skin-
test positive and skin-test negative infants
Log transformation of endotoxin values normalised the distribution of the
data, allowing for parametric statistical analysis (t test).
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To further assess whether chronic environmental
endotoxin exposure may decrease allergen sensitisation by
enhancing type 1 immunity, concentrations of house-dust
endotoxin were compared with proportions of interferon-�-
producing T-lymphocytes. Samples of peripheral-blood
mononuclear cells were obtained for intracellular cytokine
staining and flow cytometry from 20 of the 61 infants. Only
specimens yielding more than 10 000 gated cell counts were
included in the analysis. This allowed for 13–20 specimens
to be included for each cell/stain combination analysed (for
all included specimens, the mean cell count was 35 526 [SE
1750]). The percentage of CD4 T cells that were
interferon-�-producing correlated well with concentrations
of house-dust endotoxin; a similar trend for interferon-�-
producing CD8 T cells was also noted (figure 2 and 
table 2). Neither gender nor ethnicity seemed to have
confounding effects on interferon-�-producing T cells,
although the number of white infants was small (data not
shown). For type 2 cytokine-producing CD4 and CD8 T
cells, no significant correlation with concentrations of
house-dust endotoxin was found (table 2).

3·50

3·25

Lo
g 

co
nc

en
tr

at
io

n 
of

 h
ou

se
-d

us
t 

en
do

to
xi

n 
(E

U
/m

L)

3·00

2·75

2·50

2·25

2·00

0 0·25 0·50 0·75
Log interferon-�-producing CD4 cells (%)

1·00 1·25 1·50

3·50
r=0·49

r=0·59

3·25

3·00

2·75

2·50

2·25

2·00

0·8 1·0 1·2 1·4 1·6
Log interferon-�-producing CD8 cells (%)

1·8

Number Mean (range) proportion r* p
of T cells expressing 
specimens cytokine (%)

Type 1 cytokine
Interferon �
CD4 18 3·02 (1·33–27·55) 0·59 0·01
CD8 14 17·37 (7·62–54·03) 0·49 0·07

Type 2 cytokines
Interleukin 4
CD4 17 0·50 (0·13–5·18) �0·10 0·72
CD8 13 0·17 (0·03–0·59) 0·04 0·90

Interleukin 5
CD4 20 0·76 (0·12–5·46) �0·01 0·96
CD8 16 0·56 (0·07–3·44) 0·16 0·55

Interleukin 13
CD4 17 0·37 (0·12–4·98) �0·18 0·49
CD8 13 0·10 (0·00–0·37) 0·28 0·36

*Pairwise correlation analyses done on log-transformed values.

Table 2: Correlation between house-dust endotoxin
concentrations and proportions of T lymphocytes in peripheral
blood expressing type 1 or type 2 cytokines

Figure 2: Correlations between concentrations of house-dust
endotoxin and proportions of interferon-�-producing CD4 and
CD8 T lymphocytes
Log transformation of endotoxin values and proportions of cells normalised
the distributions of the data, allowing for parametric statistical analysis
(pairwise correlation). 

To find out whether differences in aeroallergen exposure
explain aeroallergen sensitisation in the skin-test positive
infants, house-dust allergen content was evaluated.
Concentrations of at least one common indoor allergen
(dust mite, cat, dog, cockroach) were increased above
previously reported “sensitisation” thresholds in 51% of the
households (Der p1 and Der f1 >2 
g/g;16 Fel d1 >8 
g/g;17

Can f1 >10 
g/g;18 Bla g1 >2 U/g19). However, house-dust
allergen concentrations associated with allergen
sensitisation in infants and young children can be much
lower than those associated with sensitisation in older
individuals.20,21 At least one indoor allergen was above the
detection limits in 95% of the households. Importantly,
there were no significant differences in house-dust allergen
content, at either threshold or detectable allergen levels,
between skin-test positive and skin-test negative infants,
implying that differences in household allergen exposure
cannot account for differences in aeroallergen sensitisation
(table 1). Indeed, for all six infants sensitised to dust mite,
only one had detectable house-dust Der p1 (70 ng/g dust
[low-level]), and none had detectable house-dust Der f1;
thus, aeroallergen sensitisation occurred despite low-level
to undetectable house-dust allergen exposure.

Discussion
The potential for environmental exposures in early life to
affect the prevalence of atopy has been suggested by
epidemiological reports of substantial variation in the
prevalence of allergen sensitisation and the atopic diseases
in children of common ethnic or genetic descent living
under different conditions.22–24 Certain microbial infections
that are presumably inducers of type 1 immune responses
(eg, measles, hepatitis A), have been associated with
decreased rates of atopy and asthma.25,26 Japanese
schoolchildren who mount immune responses to BCG
vaccination also have a lower occurrence of allergen
sensitisation and atopic disease, lower serum
concentrations of interleukins 4, 10, and 13 and increased
interferon �.11 These and other environmental changes in
microbial burden have been postulated to influence the
predisposition to allergic disease.27 Our investigation
provides direct evidence that a chronic environmental
exposure capable of inducing type 1 immune responses—
household endotoxin—is associated with decreased allergen
sensitisation and raised type 1 T-lymphocyte development.

Numerous reports suggest that hygiene measures in
modernised societies may be partly responsible for the
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increased occurrence of atopic diseases in these
populations. Reductions in allergen sensitisation and atopic
disease have been found in children of farmers, children
with pigs, dogs, or cats in their homes, children raised in
day-care from an early age, and children of large 
families.26,28–31 In all of these environmental settings, gram-
negative bacteria, and their cell-wall component endotoxin,
may exist in abundance. Indeed, occupational disease
studies have reported high levels of endotoxin exposure in
farming settings.32,33

In conclusion, we have shown a potential role for chronic
environmental exposure to endotoxin in the prevention of
allergen sensitisation during infancy. Our understanding of
atopy-protective environmental exposures, and their
influence on the developing immune systems of young
children, is in its infancy. Observations suggest that
biological differences in type 1 immune responsiveness in
early life may bias immune maturation and the
development of atopy and asthma.34 Indeed, a specific allele
in the promoter region of the gene for the endotoxin
receptor/enhancer protein, CD14, is associated with serum
concentrations of soluble CD14 and type 1 cytokine
skewing.35 In the future, rigorous studies are needed to
clarify the role of endotoxin, the variables influencing
immune responsiveness to type 1 stimuli in young children,
and their potential to provide primary and lasting
prevention of atopic disease.
Contributors
Jose Gereda, Donald Leung, and Andy Liu contributed to the background
research and development of the study. Jose Gereda and Andy Liu
coordinated and executed the study. Mary Klinnert and Marcie Price
provided patients, blood, house-dust samples, allergy skin testing, and dust-
allergen measurements. Jose Gereda did the endotoxin assays. Akaluck
Thatayatikom and Joanne Streib did flow cytometry. Jose Gereda, Donald
Leung, and Andy Liu analysed the study results. Andy Liu wrote the paper;
Jose Gereda did the figures. All investigators contributed to the critical
revision of the paper.

Acknowledgments
We thank William Townend and Shirley Sobus for technical support in the
National Jewish Flow Cytometry facility; May Gillespie for technical
support with the endotoxin assay; Tina Nealy for assistance with infant
phlebotomy, the General Clinical Research Center for biostatistical support;
Jan Manzanares for assistance in preparing the paper. This study was
supported by the US National Institutes of Health (grants R18AI41137,
M01-RR00051, and HL-36577); the American Academy of Allergy,
Asthma & Immunology; the American College of Allergy, Asthma &
Immunology;  the American Lung Association; and the National Jewish
Medical & Research Center.

References
1 Rizzo MC, Naspitz CK, Fernandez-Caldas E, Lockey RF, Mimica I,

Sole D. Endotoxin exposure and symptoms in asthmatic children.
Pediatr Allergy Immunol 1997; 8: 121–26.

2 Milton DK, Johnson DK, Park JH. Environmental endotoxin
measurement: interference and sources of variation in the Limulus assay
of house dust. Am Ind Hyg Assoc J 1997; 58: 861–67.

3 Michel O, Kips J, Duchateau J, et al. Severity of asthma is related to
endotoxin in house dust. Am J Respir Crit Care Med 1996; 154:
1641–46.

4 Le J, Lin JX, Henriksen-Destefano D, Vilcek J. Bacterial
lipopolysaccharide-induced interferon-gamma production: roles of
interleukin 1 and interleukin 2. J Immunol 1986; 136: 4525–30.

5 D’Andrea A, Rengaraju M, Valiante NM, et al. Production of natural
killer cell stimulatory factor (interleukin 12) by peripheral blood
mononuclear cells. J Exp Med 1992; 176: 1387–98.

6 Paul WE, Seder RA. Lymphocyte responses and cytokines. Cell 1994;
76: 241–51.

7 Tang ML, Coleman J, Kemp AS. Interleukin-4 and interferon-gamma
production in atopic and non-atopic children with asthma. Clin Exper
Allergy 1995; 25: 515–21.

8 Hoekstra MO, Hoekstra Y, DeReus D, Rutgers B, Gerritsen J,
Kauffman HF. Interleukin-4, interferon-gamma and interleukin-5 in
peripheral blood of children with moderate atopic asthma. Clin Exp
Allergy 1997; 27: 1254–60.

9 Martinez FD, Stern DA, Wright AL, Holberg CJ, Taussig LM,
Halonen M. Association of interleukin-2 and interferon-� production by
blood mononuclear cells in infancy with parental allergy skin tests and
with subsequent development of atopy. J Allergy Clin Immunol 1995; 96:
652–60.

10 Prescott SL, Macaubas C, Smallacombe T, Holt BJ, Sly PD, Holt PG.
Development of allergen-specific T-cell memory in atopic and normal
children. Lancet 1999; 353: 196–200.

11 Shirakawa T, Enomoto T, Shimazu S, Hopkin JM. The inverse
association between tuberculin responses and atopic disorder. Science
1997; 275: 77–79.

12 Schwartz J, Gold D, Dockery D, Weiss S, Speizer F. Predictors of
asthma and persistent wheeze in a national sample of children in the
United States. Am Rev Resp Crit Care Med 1990; 142: 555–62.

13 Weiss K, Gergen P, Crain E. Inner-city asthma: the epidemiology of an
emerging US public health concern. Chest 1992; 6: S362–67.

14 Van Asperen PP, Kemp AS, Mellis CM. Skin test reactivity and clinical
allergen sensitivity in infancy. J Allergy Clin Immunol 1984; 73: 381–86.

15 Hamilton RG, Eggleston PA. Environmental allergen analyses. Methods
1997; 13: 53–60.

16 Platts-Mills TAE, Thomas WR, Aalberse RC, Vervloet D, Chapman
MD. Dust mite allergens and asthma: report of a second international
workshop. J Allergy Clin Immunol 1992; 89: 1046–60.

17 Woodfolk JA, Luczynska CM, de Blay F, Chapman MD, 
Platts-Mills TA. Cat allergy. Ann Allergy 1992; 69: 273–75.

18 Platt-Mills TAE, Woodfolk JA, Sporik RB. Relevance of indoor allergen
measurement and the use of avoidance measures in the treatment of
allergic disease. New York: American Academy of Allergy, Asthma and
Immunoloy, 1995: 111–25.

19 Sarpong SB, Hamilton RG, Eggleston PA, Adkinson NFJ.
Socioeconomic status and race as risk factors for cockroach allergen
exposure and sensitization in children with asthma. J Allergy Clin
Immunol 1996; 97: 1393–401.

20 Munir AK, Kjellman NI, Bjorksten B. Exposure to indoor allergens in
early infancy and sensitization. J Allergy Clin Immunol 1997; 100:
177–81.

21 Wahn U, Lau S, Bergmann R, et al. Indoor allergen exposure is a risk
factor for sensitization during the first three years of life. J Allergy Clin
Immunol 1997; 99: 763–69.

22 von Mutius E, Martinez FD, Fritzsch C, Nicolai T, Roell G, Thiemann
HH. Prevalence of asthma and atopy in two areas of West and East
Germany. Am J Respir Crit Care Med 1994; 149: 358–64.

23 Van Niekerk CH, Weinberg EG, Shore SC, Heese HV, 
Van Schalkwyk J. Prevalence of asthma: a comparative study of urban
and rural Xhosa children. Clin Allergy 1979; 9: 319–24.

24 Waite CA, Eyles EF, Tonkin SL, O’Donnell TV. Asthma prevalence in
Tokelauan children in two environments. Clin Allergy 1980; 10: 71–75.

25 Matricardi PM, Rosmini F, Ferrigno L, et al. Cross sectional
retrospective study of prevalence of atopy among Italian military
students with antibodies against hepatitis A virus. BMJ 1997; 314:
999–1003.

26 Shaheen SO, Aaby P, Hall AJ, et al. Measles and atopy in Guinea-
Bissau. Lancet 1996; 347: 1792–96.

27 Martinez FD, Holt PG. Role of microbial burden in aetiology of allergy
and asthma. Lancet 1999; 354 (suppl 2): SII12–15.

28 Braun-Fahrlander C, Gassner M, Grize L, et al. Prevalence of hay fever
and allergic sensitization in farmer’s children and their peers living in the
same rural community. SCARPOL team. Swiss study on childhood
allergy and respiratory symptoms with respect to air pollution. Clin Exp
Ellergy 1999; 29: 28–34.

29 Svanes C, Jarvis D, Chinn S, Burney P. Childhood environment and
adult atopy: results from the European Community Respiratory Health
Survey. J Allergy Clin Immunol 1999; 103: 415–20.

30 Kramer U, Heinrich J, Wjst M, Wichmann HE. Age of entry to day
nursery and allergy in later childhood. Lancet 1999; 353: 450–54.

31 Matricardi PM, Franzinelli F, Franco A, et al. Sibship size, birth order,
and atopy in 11 371 Italian young men. J Allergy Clin Immunol 1998;
101: 439–44.

32 Rylander R, Haglind P, Lundholm M. Endotoxin in cotton dust and
respiratory function decrement among cotton workers in an
experimental cardroom. Am Rev Respir Dis 1985; 131: 209–13.

33 Donham K, Haglind P, Peterson Y, Rylander R, Belin L.
Environmental and health studies of farm workers in Swedish swine
confinement buildings. Br J Ind Med 1989; 46: 31–37.

34 Martinez FD. Maturation of immune responses at the beginning of
asthma. J Allergy Clin Immunol 1999; 103: 355–61.

35 Baldini M, Carla LI, Halonen M, Erickson RP, Holt PG, 
Martinez FD. A polymorphism in the 5� flanking region of the CD14
gene is associated with circulating soluble CD14 levels and with total
serum immunoglobulin E. Am J Respir Cell Mol Biol 1999; 20: 
976–83.


