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Background
Coccidioidomycosis or Valley Fever is a fungal disease
caused by the biphasic, highly virulent, soil-fungus Coccid-
ioides immitis or posadasii [1]. It is endemic in the south-
west regions of US, Northern Mexico and parts of Central
America [2]. C. posadasii or C. immitis, are the most viru-
lent fungal pathogens enlisted in Select Agent list and
pose a risk for bioterrorism [3]. The primary infection is
acquired by inhalation of air-borne, mycelial phase
arthroconidium that converts into endosporulating
spherule in the lung. Clinical manifestations of the dis-
ease range from pulmonary infection to a more severe
fatal mycosis involving extra-pulmonary tissues in 1–10%
of the infected people [1-4]. Previous studies suggest that
Th1 cell mediated immunity protects individuals against
Coccidioides [5,6]. However, information is lacking regard-
ing the pulmonary innate immune components that may
play a critical role in regulation of immune responses
against Coccidioides.

At alveolar level in the lung, the innate immune system is
composed of many cell types and chemical mediators,
including surfactant. The pulmonary surfactant is a com-
plex mixture of lipids (88–90%) and proteins (10–12%),
synthesized by type II epithelial cells and Clara cells. It
lines the alveoli, and helps in maintaining normal lung
function [7]. Among four different surfactant proteins,
surfactant proteins-A (SP-A) and D (SP-D) are members of
the "Collectin" family [8]. In the past, several studies have
suggested that both SP-A and SP-D play an important role
in innate host defense against various viral, fungal and
bacterial pathogens [9,10]. More evidence for the pulmo-
nary collectins' role in host defense comes from studies on
SP-A- deficient mice that are susceptible to intra-tracheal
Group B Streptococci [11], Pseudomonas aeruginosa [12],
and Respiratory Syncytial Virus [13]. Also, intranasally
administered SP-D has been found to reduce replication
of Respiratory Syncytial Virus in the lungs of infected mice
[14]. Both SP-A and SP-D, have been classified as secretory
pattern-recognition receptors that can bind to a variety of
pathogens and help in clearance [9,15]. Recent evidences
indicate that in addition to their pathogen recognition
property, SP-A and SP-D also play an important role in
stimulating immuno-regulatory pathways [15]. However,
the collectins' role in coccidioidomycosis is not known.

This study focuses on analyzing the changes in amounts of
the SP-A and SP-D in the bronchoalveolar lavage fluid
(BALF) samples from mice infected with lethal dose of C.
posadasii and C. posadasii protected mice after immuniza-
tion with protective formalin killed spherule (FKS) vac-
cine, and binding of pulmonary collectins to Coccidioidal
antigens.

Methods
Mice
BALB/c and C57BL6 mice (6 weeks old female) from Jack-
son Laboratory (Bar Harbour, ME) were used in this study.
Both mouse strains are susceptible to C. posadasii infec-
tion. The BALB/c mice were used to study the changes in
pulmonary surfactant after intranasal challenge with C.
posadasii. And, the C57BL6 mice were used to study the
changes in pulmonary surfactant after vaccination with
protective FKS vaccine. Mice were housed in Biosafety
Level-3 animal facility at UTHSCSA and provided with
food and water ad libitum. All experimental animal care
and treatment protocols were reviewed and approved by
Institutional Animal Care and Use Committee.

Coccidioides posadasii
C. immitis (now posadasii) Silveira strain, cultured on 1 %
glucose-0.5 % yeast extract agar (GYE), was used for
infecting the mice [1]. The arthroconidia were harvested
in endotoxin-free 0.15 M saline (Baxter Health Care Prod-
ucts, Deerfield, IL) from 6–8 weeks old mycelial phase
cultures grown on GYE plates. The arthroconidia suspen-
sion was passed over a sterile cotton column to remove
hyphal elements and arthroconidia were enumerated by
hemacytometer counts. The viable cfu counts were con-
firmed pre- and post-infection by plate cultures on GYE
agar. All the experiments with C. posadasii were carried out
in Biosafety Level-3 facility at UTHSCSA.

Intranasal Challenge with C. posadasii Arthroconidia
Mice were anaesthetized after intramuscular injection of
ketamine- xylazine (75 µg/g body weight ketamine and 10
µg/g body weight xylazine) and were then challenged
intranasally with a lethal dose of arthroconidia (n = 30,
fresh harvest of C. posadasii arthroconidia) suspended in
endotoxin-free 0.15 M NaCl (Baxter Health Care Corp,
Deerfield, IL) using sterile pyrogen-free microtip. Mice
were held in an upright position for 1–2 min to resume
normal breathing after injection. Control mice were chal-
lenged with equal volume of endotoxin-free 0.15 M NaCl.

Preparation of Coccidioide-FKS vaccine and 
Immunization of Mice
C. posadasii (strain Silveira)arthroconidia were used to pre-
pare FKS as described earlier [16]. Briefly, arthroconidia
were inoculated in modified Converse medium contain-
ing Tamol and cultured while shaking at 180 rpm at 40°C
in 20 % CO2 incubator. The spherules were collected from
the harvested culture, washed in endotoxin-free water and
killed with 1 % formalin. FKS preparation was checked for
sterility and lyophilized. C57BL6 female mice (age 6
weeks old) were immunized intramuscularly twice and
subcutaneously once at one week interval with FKS (0.7
mg/dose each time). The mice in FKS immunized,
infected group were then challenged intranasally with 30
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Enzyme-Linked Immunosorbent Assay (ELISA) for SP-A 
and SP-D
The concentrations of SP-A and SP-D were measured in
BALF samples as described earlier [20]. The antibodies
against SP-A and SP-D reacted with 34 kDa (SP-A) and 43
kDa (SP-D) immunroreactive bands in BALF and lung tis-
sue homogenates (Fig 1). For measuring the lavage con-
centrations of SP-A and SP-D, the indirect ELISA
procedure was used [20]. Briefly, the wells of Immulon 4
strips (Dynatech, Chantilly, VA) were coated overnight
with purified human SP-A or recombinant human SP-D
antigens (standards) and diluted BALF (three different
dilutions) in 0.1 M NaHCO3, pH 9.6. The wells were
washed three times with deionized water, and nonspecific
sites were blocked with a buffer containing 0.25% BSA,
0.05% tween 20, 0.17 M boric acid and 0.12 M NaCl, pH
8.5. The wells were washed and incubated for 2 h with
rabbit anti-human SP-A or rabbit anti-mouse SP-D anti-
body. After washing the wells, the horseradish peroxidase
conjugated anti-rabbit IgG antibody (Sigma, St. Louis,
MO) was added. After incubation for 2 h, the wells were
washed again and incubated with tetramethylbenzidine
substrate reagent (Sigma Chemical Co. St. Louis, MO).
The reaction was stopped by adding 50 µl of 2 N H2SO4
and read at 450 nm spectrophotometrically. The regres-
sion coefficient for a least-square linear fit to the standard
curve of SP-A and SP-D was 0.99. The limits of detection
for SP-A and SP-D were 2 ng/ml.

Binding of SP-A and SP-D to Coccidioidal Antigens
A microtiter well based method [21] was used to study the
SP-A and SP-D interactions with Coccidioidal antigens
(CDN-lysate and CDN-filtrate). Briefly, microtiter wells
(Immulon 4; Dynatech, Chantilly, VA) were coated with
50 µl of CDN-lysate (10 µg/ml diluted in 0.1 M NaHCO3
buffer, pH 9.6) or CDN-filtrate (10 µg/ml diluted in 0.1 M
NaHCO3 buffer, pH 9.6) or BSA (10 µg/ml diluted in 0.1
M NaHCO3 buffer, pH 9.6) at room temperature. The
nonspecific binding was blocked with phosphate buffered
saline (pH 7.4) containing 0.1% triton-X 100 and 3%
nonfat milk (buffer A). The purified human SP-A and
recombinant human SP-D diluted in 20 mM Tris (pH 7.4)
containing 0.15 M NaCl, 5 mM CaCl2 and 1 mg/ml BSA
were then added to the wells and incubated for 3 h at

37°C. The wells were then washed with buffer A and incu-
bated for 1 h at room temperature with diluted (1:1000 in
buffer A) anti-SP-A and anti-SP-D antibodies. After wash-
ing the wells, the horseradish peroxidase conjugated anti-
rabbit IgG antibody (Sigma, St. Louis, MO) was added.
After incubation for 2 h, the wells were washed again and
incubated with tetramethylbenzidine substrate reagent
(Sigma Chemical Co. St. Louis, MO). The reaction was
stopped by adding 2 N H2SO4 and read at 405 nm
spectrophotometrically.

The coating of Coccidioidal antigens (CDN-lysate and
CDN-filtrate) to the plates was confirmed using a positive
control antibody that recognizes Coccidioidal antigens as
described earlier [22]. The alkaline phosphatase-conju-
gated rat anti-mouse IgG antibody (Zymed, San Francisco,
CA) served as secondary detection antibody.

Statistics
Statistical analyses of the data (t-test or ANOVA) were
done using Prism Software (Graphpad Software, San
Diego, CA). The p value <0.05 was considered significant.

Results
Pathological status
All of the C. posadasii infected mice survived till the day of
sacrifice (day 10 post infection). However, the mice were
lethargic and lost body weight (Table 1). Abscess like
lesions were quite evident on gross examination of the
lung. The total wet lung weights were increased in C. posa-
dasii infected mice.

The mean protein content of BALF samples from infected
mice was 788 µg versus 326 µg protein in BALF samples
from non-infected saline injected control mice, after 10
days of intranasal infection (p < 0.05, Table 2). In
contrast, the phospholipid concentration was reduced in
BALF samples from C. posadasii infected mice (58 µg)
when compared to non-infected saline injected controls
(165 µg, p < 0.05).

Table 1: Body weights (g) of C. posadasii infected and non-infected BALB/c mice (n = 10 of each type). Values are shown as Mean (SEM) 
of one representative experiment of two independent experiments.

Days post challenge → Mice ↓ Day 0 Day 10

Non-infected 18.36 (0.29) 19.46 (0.23) **
C. posadasii infected 17.77 (0.39) 16.35 (0.53) *, #

** p < 0.01 as compared to non-infected control mice at day 0.
*p < 0.05, # p < 0.0001 as compared to C. posadasii infected mice at day 0 and non-infected mice at day 10, respectively (t-test).
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arthroconidia infected) C57BL6 mice when compared to
FKS immunized, non-infected mice (Fig 3B). Also, there
was no significant change in total protein content in BALF
samples of FKS immunized, C. posadasii arthroconidia
infected mice (890.9 µg) versus FKS immunized, non-
infected mice (538.4 µg).

SP-A and SP-D bind to Coccidioidal antigens
We further examined the binding of SP-A and SP-D to
Coccidioidal antigens (CDN-lysate and CDN-filtrate)
coated onto microtiter wells (Fig 5). Both SP-A and SP-D
bound to coccidioidal antigens, but not to BSA in a con-
centration-dependent manner (Fig 5). Binding of SP-A to
CDN-lysate and CDN-filtrate antigens was saturable, and
maximum SP-A binding was reached between 2.5–5 µg/
ml and 5–10 µg/ml, respectively (Fig 5A). Similarly bind-
ing of SP-D to CDN-lysate and CDN-filtrate antigens was
also saturable, and maximum SP-D binding was reached
between 5–10 µg/ml (Fig 5B).

Discussion
In the present study we found that the levels of pulmonary
surfactant collectins were altered in the lungs of C. posa-
dasii infected mice, but were intact in lungs of C. posadasii
protected mice after immunization with protective FKS
vaccine. Furthermore, our results suggest that both SP-A
and SP-D bind to Coccidioidal antigens. This is the first
study where the amounts of SP-A and SP-D were meas-
ured in BALF samples from mice infected with lethal dose
of C. posadasii and the binding of pulmonary collectins to
Coccidioidal antigens was assessed. Since lung is the first

organ of the body that comes into contact with air-borne
C. posadasii arthroconidia, we hypothesized that the pul-
monary surfactant may play an important role in regulat-
ing the immune response against C. posadasii. Among four
surfactant proteins, SP-A and SP-D, interact with most of
the clinically important fungal pathogens including Pneu-
mocystis carinii [23]Cryptococcus neoformans [24], Aspergillus
fumigatus [25] and Candida albicans [26]. SP-D has been
shown to bind to C. albicans and directly inhibit growth
by aggregation of the organism without involvement of
macrophage dependent phagocytosis [27]. On the other

Fungal load in the lung and spleen tissues of C. posadasii infected BALB/c mice (n = 5)Figure 4
Fungal load in the lung and spleen tissues of C. posadasii 
infected BALB/c mice (n = 5). The numbers of fungal colonies 
(CFU) were normalized with organ weight (g).

Binding of (A) SP-A and (B) SP-D to Coccidioidal antigens (CDN-lysate and CDN-filtrate)Figure 5
Binding of (A) SP-A and (B) SP-D to Coccidioidal antigens 
(CDN-lysate and CDN-filtrate). The binding of 1–10 µg/ml 
purified human SP-A or recombinant SP-D proteins was 
detected in CDN-lysate or CDN-filtrate or BSA coated wells 
(0.5 µg/well). Results are from one representative experi-
ment of two independent experiments performed in dupli-
cate. Values are shown as mean+SEM. In some cases, the 
error bars are smaller than the symbols.
Page 6 of 8
(page number not for citation purposes)



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11576294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7742448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7742448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=313369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9353023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9353023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9353023


Respiratory Research 2004, 5:28 http://respiratory-research.com/content/5/1/28

g

ol
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

8. Hoppe HJ, Reid KBM: Collectins, soluble proteins containing
collagenous regions and lectin domains, and their roles in
innate immunity. Protein Sci 1994, 3:1143-1158.

9. Holmskov U, Thiel S, Jensenius JC: Collectins and ficolins:
Humoral lectins of the innate immune defense. Ann Rev
Immunol 2003, 21:547-578.

10. Crouch EC: Surfactant protein-D and pulmonary host
defense. Respir Res 2000, 1:93-108.

11. LeVine AM, Bruno MD, Huelsman KM, Ross GF, Whitsett JA, Korf-
hagen TR: Surfactant protein -A deficient mice are susceptible
to group B streptococcal infection. J Immunol 1997,
158:4336-4340.

12. LeVine AM, Kurak KE, Bruno MD, Stark JM, Whitsett JA, Korfhagen
TR: Surfactant protein -A deficient mice are susceptible to
Pseudomonas aeruginosa infection. Am J Respir Cell Mol Biol 1998,
19:700-708.

13. Levine AM, Gwozdz J, Stark J, Bruno M, Whitsett JA, Korfhagen TR:
Surfactant protein -A enhances repiratory syncytial virus
clearance in vivo. J Clin Invest 1999, 103:1015-1021.

14. Hickling TP, Bright H, Wing K, Gower D, Martin SL, Sim RB, Malhotra
R: A recombinant trimeric surfactant protein D carbohy-
drate recognition domain inhibits respiratory syncytial virus
infection in vitro and in vivo. Eur J Immunol 1999, 29:3478-3484.

15. Wright JR: Immunomodulatory functions of surfactant. Physiol
Rev 1997, 77:931-962.

16. Converse JL: Growth of spherules of Coccidioides immitis in a
chemically defined liquid medium. Proc Soc Exp Biol Med 1955,
90:709-711.

17. Bligh EG, Dyer WJ: A rapid method of total lipid extraction and
purification. Can J Biochem Physiol 1959, 37(8):911-7.

18. Stewart JC: Colorimetric determination of phospholipids with
ammonium ferrothiocyanate. Anal Biochem 1980, 104:10-14.

19. Pappagianis D, Smith CE, Kobayashi GS, Saito MT: Studies of anti-
gens from young mycelia of Coccidioides immitis. J Infect Dis
1961, 108:35-44.

20. Awasthi S, Coalson JJ, Crouch E, Yang F, King RJ: Surfactant Pro-
teins A and D in Premature Baboons with Chronic Lung
Injury (Bronchopulmonary Dysplasia). Evidence for an Inhi-
bition of Secretion. Am J Respir Crit Care Med 1999, 160:942-949.

21. Murakami S, Iwaki D, Mitsuzawa H, Sano H, Takahashi H, Voelker DR,
Akino T, Kuroki Y: Surfactant protein A inhibts peptidoglycan-
induced tumor necrosis factor-a secretion in U937 cells and
alveolar macrophages by direct interaction with Toll-like
receptor 2. J Biol Chem 2002, 277:6830-6837.

22. Jiang C, Magee DM, Cox RA: Coadministration of interleukin 12
expression vector with Antigen 2 cDNA enhances induction
of protective immunity against Coccidioides immitis. Infect
Immun 1999, 67:5848-5853.

23. O'Riordan DM, Standing JE, Kwon KY, Chang D, Crouch EC, Limper
AH: Surfactant protein D interacts with Pneumocystis carinii
and mediates organism adherence to alveolar macrophages.
J Clin Invest 1995, 95:2699-2710.

24. Schelenz S, Malhotra R, Sim RB, Holmskov U, Bancroft GJ: Binding
of host collectins to the pathogenic yeast Cryptococcus neo-
formans: human surfactant protein D acts as an agglutinin for
acapsular yeast cells. Infect Immun 1995, 63:3360-3366.

25. Madan T, Kishore U, Singh M, Strong P, Hussain EM, Reid KB, Sarma
PU: Protective role of lung surfactant protein D in a murine
model of invasive pulmonary aspergillosis. Infect Immun 2001,
69:2728-2731.

26. van Rozendaal BA, van Spriel AB, van De Winkel JG, Haagsman HP:
Role of pulmonary surfactant D in innate defense against
Candida albicans. J Infect Dis 2000, 182:917-922.

27. Madan T, Eggleton P, Kishore U, Strong P, Aggrawal SS, Sarma PU,
Reid KB: Binding of pulmonary surfactant proteins A and D to
Aspergillus fumigatus conidia enhances phagocytosis and
killing by human neutrophils and alveolar macrophages. Infect
Immun 1997, 65:3171-3179.

28. Gross NT, Camner P, Chinchilla M, Jarstrand C: In vitro effect of
lung surfactant on alveolar macrophage defence mecha-
nisms against Cryptococcus neoformans. Mycopathologia 1998,
144:21-27.

29. Sheehan PM, Stokes DC, Hughes WT: Surfactant phospholipids
and lavage phospholipase A2 in experimental Pneumocystis
carinii pneumonia. Am Rev Respir Dis 1986, 134:526-531.

30. Hoffman AG, Lawrence MG, Ognibene FP, Suffredini AF, Lipschik GY,
Kovacs JA, Masur H, Shelhamer JH: Reduction of pulmonary sur-
factant in patients with human immunodeficiency virus
infection and Pneumocystis carinii pneumonia. Chest 1992,
102:1730-1736.

31. Bartmann P, Gortner L, Pohlandt F, Jaeger H: In vitro lymphocyte
functions in the presence of bovine surfactant and its phos-
pholipid fractions. J Perinat Med 1992, 20:189-196.

32. Carroll JL Jr, McCoy DM, McGowan SE, Salome RG, Ryan AJ, Mallam-
palli RK: Pulmonary-specific expression of tumor necrosis fac-
tor-alpha alters surfactant lipid metabolism. Am J Physiol Lun
Cell Mol Physiol 2002, 282:L735-42.

33. Whitsett JA, Budden A, Hull WM, Clark JC, O'Reilly MA: Trans-
forming growth factor-beta inhibits surfactant protein A
expression in vitro. Biochim Biophys Acta 1992, 1123:257-262.

34. Dulkerian SJ, Gonzales LW, Ning Y, Ballard PL: Regulation of sur-
factant protein D in human fetal lung. Am J Respir Cell Mol Bi
1996, 15:781-786.

35. Pappagianis D, The Valley Fever Vaccine Study Group: Evaluation of
the protective efficacy of the killed Coccidioides immitis
spherule vaccine in humans. Am Rev Respir Dis 1993,
148:656-660.
Page 8 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7987210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7987210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11667972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9126996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9126996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9761768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10194474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10194474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10194474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10556802
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10556802
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13289883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13289883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13671378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13671378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6892980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6892980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13732669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10471623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10471623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11724772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11724772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10531239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7769109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7769109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7642263
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7642263
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11254642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10950789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9234771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9234771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10422270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10422270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10422270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3489425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1446480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1453292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1453292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11880299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11880299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1536863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1536863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1536863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8969273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8368636
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background

	Background

