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hepatitis C virus infection
Phillip O Coffin1*, Anne M Stevens2, John D Scott1, Joanne D Stekler1 and Matthew R Golden1

Abstract

Background: In the United States, about 70% of 2.9-3.7 million people with hepatitis C (HCV) are unaware of their
infection. Although universal screening might be a cost-effective way to identify infections, prevent morbidity, and
reduce transmission, few efforts have been made to determine patient opinions about new approaches to
screening.

Methods: We surveyed 200 patients in August 2010 at five outpatient clinics of a major public urban medical
center in Seattle, WA, with an 85.8% response rate.

Results: The sample was 55.3% women, median 47 years of age, and 56.3% white and 32.7% African or African-
American; 9.5% and 2.5% reported testing positive for HCV and HIV, respectively. The vast majority of patients
supported universal screening for HCV. When presented with three options for screening, 48% preferred universal
testing without being informed that they were being tested or provided with negative results, 37% preferred
testing with the chance to “opt-out” of being tested and without being provided with negative results, and 15%
preferred testing based on clinician judgment. Results were similar for HIV screening.

Conclusions: Patients support universal screening for HCV, even if that screening involves testing without prior
consent or the routine provision of negative test results. Current screening guidelines and procedures should be
reconsidered in light of patient priorities.

Background
Hepatitis C infection (HCV) is a neglected disease.
Approximately 1.6% of the U.S. population (2.9 to 3.7
million people) is infected with HCV[1], 20-30% will
progress to cirrhosis, and 49-75% are unaware of their
infection[2]. HCV is the most common underlying cause
of liver failure among persons undergoing liver trans-
plant in the U.S. and kills approximately 14,000 Ameri-
cans annually[2]. The number of new cases of cirrhosis
from HCV is predicted to increase by over 30% as of
2020 and subsequent liver decompensation, hepatocellu-
lar carcinoma, and death will continue to increase into
the 2030s[3]. Current therapy for HCV is curative for
about 50% of treated patients and could decrease these
complications by 16-42% if implemented broadly[3].
Soon to be available protease inhibitor regimens are
expected to cure over 70%[4,5] and thus could have a

more dramatic impact. Yet despite the scale of the pro-
blem and the availability of increasingly effective treat-
ment, relatively little has been done to identify persons
with HCV and ensure their treatment.
National guidelines recommend that testing for HCV

be limited to persons with identified risk factors, such as
injection drug use, a blood transfusion prior to 1992, or
elevated liver function tests[6]. Although these recom-
mendations are based on epidemiologic data and 1998
Centers for Disease Control and Prevention (CDC)
guidelines[7], barriers to risk-based screening have
resulted in inadequate detection of HCV. Most impor-
tantly, patients with a remote history of injection drug
use, the primary risk factor for HCV, are often reluctant
to admit that behavior to a clinician; only 21% of
respondents with HCV reported IDU in the National
Health and Nutrition Examination Survey IV [8]. In all
but the most complex guidelines, risk factor-based
screening also fails to account for suspected transmis-
sion routes, such as remote iatrogenic transmission,
intranasal drug use[9] or even a fist fight[10]. Overall,
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risk factor based screening for HCV might be too com-
plex for routine clinical care.
Due to barriers to risk-factor based HIV screening,

including the ability to reliably assess risk in the clinical
setting, the CDC in 2006 recommended routine “opt-
out” general population screening for HIV[11]. The
requirement for separate consent to test for HIV in
many states and inadequate time for counseling[12] con-
tinue to impede testing, with attendant reductions in the
proportion of patients screened for HIV[13]. Such bar-
riers may still be too onerous to ensure detection of the
estimated 21% of HIV-infected Americans who are una-
ware of their infection[14]. Likewise, another set of
complex screening criteria or a clinician-driven
approach to HCV screening may fail us in the effort to
diagnose and care for the two to three million U.S. resi-
dents unaware of their HCV infection.
The debate surrounding patient consent for diagnostic

testing or screening highlights the tension within the
healthcare system between a desire to respect patient
autonomy, contain costs, and maximize detection of
treatable medical conditions. Unfortunately, patients are
often the missing voice in this debate, and little is
known about the relative importance patients place on
being informed, consented, and tested. In considering a
future HCV screening intervention, we evaluated patient
opinion at a large public, urban hospital.

Methods
We conducted an anonymous, self-administered, cross-
sectional survey of outpatients at five clinics at Harbor-
view Medical Center, a public urban hospital and regio-
nal trauma center in Seattle, WA, to define the
importance that patients place on testing for HCV, com-
pared to HIV and diabetes mellitus. We included HIV
as testing requires special consent procedures, thus uni-
versal screening for HIV might raise additional concerns
relative to HCV. We included diabetes because a man-
ner of universal screening is already de facto present in
every chemistry panel with a glucose result, but consent
is not consistently obtained and normal results may be
inconsistently discussed with patients (even abnormal
results are only discussed with patients 66-88% of the
time[15]). This study was approved by the Human Sub-
jects Division of the University of Washington.
The instrument was piloted with five patients, met a

Flesh-Kincaid fifth-grade reading level, and was in Eng-
lish, a language accessible to 90% of this hospital’s
patients (personal communication, Harborview Inter-
preter Services, 2 July 2010). We collected patient
demographics and expectations as to physician commu-
nication regarding laboratory testing.
The remaining sections addressed HCV, HIV, and dia-

betes. Each section was preceded by a brief description

of the disease and a statement that some people do not
learn about their condition until they are sick. Initial
questions in each section asked subjects’ disease status
and risk factors, followed by a series of questions about
aspects of universal screening detailed in the accompa-
nying tables. All questions were asked of HCV, but to
ensure brevity only a subset of questions were included
in sections on HIV and diabetes. The primary outcome
variable, asked of HCV and HIV, allowed respondents
to select one of three screening options: (1) universal
screening of all blood samples without patient knowl-
edge of the test and without receiving negative results,
(2) universal screening without receiving negative results
but with a chance to refuse testing, or (3) screening
based on clinician judgment. Comments were solicited
at the end of the survey.
Forty surveys were collected from each of five clinics

(General Medicine, Family Medicine, Womens’, General
Surgery, and Orthopedics), selected to represent the
diverse nature of outpatient care, including primary care
serving a largely inner-city population and surgical care
serving five northwest states. Researchers sequentially
approached all patients in the waiting room after they
had checked into the clinic and completed registration
paperwork. Eligible subjects were more than 15 years of
age, able to communicate in English, and had not pre-
viously completed the survey. Interested subjects were
provided an “information sheet” in lieu of signed consent
and, if they still wanted to participate, a survey and pen-
cil. Subjects completed the survey in the waiting area or a
clinic room and received $5 compensation when they
returned the completed survey to the researcher. All data
collection activities were completed in August 2010.
Data were analyzed with STATA 11.1, utilizing

descriptive statistics, Pearson’s Chi-square, and McNe-
mar’s test of matched pairs. To evaluate for any associa-
tions with the primary outcome of preferred screening
method, we collapsed the two options for universal
screening and compared those respondents to those
who preferred screening by clinician judgment. Missing
values were excluded. We coded optional comments
based on identified themes.

Results
A total of 233 patients were eligible and 200 (86%) com-
pleted the survey. Data were not collected for non-
responders. Over half (55%) of respondents were women
and the median age was 47 years (range 18-82). One-
hundred twelve (56%) respondents were white, 65 (33%)
were African or African-American, and 16 (8%) were
Hispanic or Latino. Demographics compared to the
2010 census by clinic are presented in Table 1.
Twenty-three (12%) respondents reported ever inject-

ing drugs, 39 (20%) reported having had a blood
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transfusion, and 10 (5%) were men who reported ever
having sex with another man. A majority of participants
reported previous testing for HIV, HCV and diabetes
(see Table 2). Ninety-seven (50%) respondents reported
that their doctor always told them about all of the tests
being run on their blood and another 46 (24%) reported
that happened most of the time; 174 (87%) reported
that it was very important for them to know what tests
were being done on their blood. The vast majority
wanted to know if they had HCV, HIV, or diabetes.
Most also indicated that the hospital should automati-
cally test all patients for each condition, although analy-
sis of matched pairs illustrated greater support for
automatically testing all patients for HCV (p = 0.01) or
HIV (p = 0.03) compared to diabetes.
Although almost two-thirds of respondents indicated

that it would not be acceptable to test them for HCV
without first telling them about the test, 75% indicated
that they would prefer to be tested without knowing
about it than not to be tested at all. More than three-
quarters indicated that it would not be acceptable to be
tested for HCV without receiving negative results. How-
ever, when presented with three screening options, the
largest proportion favored universal screening without
knowing about the test or receiving negative results and
the smallest proportion favored relying on clinician
judgment. Three-quarters of respondents indicated that
they would accept being contacted with a positive result
by a public health department representative.
There were no significant associations between demo-

graphic characteristics, risk factors, testing history or
disease status and the acceptability of universal screen-
ing for HCV (see Table 3). Respondents who wanted to
know if they were infected with HCV were more likely
to support universal screening (p < 0.01). Acceptance of
universal screening for HCV was also associated with
agreement that the hospital should test all patients for
HCV, and that testing should be automatic. Results of
the analysis applied to HIV testing were the same as for
HCV testing, including the absence of associations with
demographics, risk factors, testing history or disease sta-
tus, and positive associations with desire to know

disease status and belief that testing should be auto-
matic and for all patients (data not shown).
Themes identified on qualitative review of 85 optional

comments included: testing would be good for indivi-
dual patient health (29 comments), testing would be
good for public health (20 comments), all patients
should have to be tested to receive care (6 comments),
patients should be told they are being tested (7 com-
ments), testing should be done through patients’ doctors
(1 comment), cost of testing should be considered (3
comments), testing should be free (1 comment), enjoyed
survey (19 comments), unrelated (3 comments). Two
respondents suggested that universal screening should
be limited to communicable diseases.

Discussion
We found that most patients seeking outpatient care at
an urban public hospital supported universal screening
for HCV, as well as HIV and diabetes. While most pre-
ferred to know that they were being tested and to
receive negative results, our findings suggest that
patients believed that ensuring universal testing for
HCV was more important than either soliciting patient
consent for the test or providing negative test results.
Notably, our results also suggest that patients were
more supportive of universal screening for HCV and
HIV than they were for diabetes, even though diabetes
was the most common of the three medical conditions
and diabetes screening is not governed by the sorts of
regulations that limit HIV testing. Optional comments
suggested that some patients might distinguish a greater
public health value in patient awareness of infectious
compared to non-communicable diseases.
We do not believe that these findings should immedi-

ately prompt health care providers or organizations to
abandon efforts to inform patients and seek consent for
testing. However, efforts to broadly screen populations
for communicable diseases have met formidable barriers.
Although the first studies documenting a high preva-
lence of undiagnosed HIV in some urban emergency
departments were published almost 20 years ago[16],
very few such departments have instituted expanded

Table 1 Demographic characteristics of survey respondents (N = 200) and 2010 clinic census (N = 18,117)

General Medicine Family Medicine Womens’ General Surgery Orthopedics

Survey | Census Survey | Census Survey | Census Survey | Census Survey | Census

Female 58% | 45% 45% | 59% 100%|100% 33% | 35% 41% | 36%

Median age (years) 40-49 | 50-59 40-49 | 40-49 20-29 | 30-39 40-49 | 40-49 40-49 | 40-49

Non-Hispanic White 53% | 47% 36% | 28% 23% | 31% 53% | 61% 65% | 76%

Non-Hispanic African-American 24% | 33% 48% | 44% 53% | 43% 20% | 20% 12% | 12%

Hispanic/Latino 5% | 7% 8% | 10% 8% | 15% 13% | 13% 8% | 5%

*Race/ethnicity was collected as two variables in the survey and one variable in the census (including Hispanic/Latino ethnicity), thus proportions do not match text
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testing programs and most successful efforts have
required hiring new staff, a cost that often makes the
programs unsustainable. It remains uncertain whether
medical institutions in the U.S. can widely screen

patients for communicable diseases if such screening
requires procedures that are not in place for other
chronic conditions. While electronic medical record
reminders have led to modest improvements in

Table 2 Opinions and preferences for screening for hepatitis C virus (HCV) compared to HIV and diabetes (N = 200)

HCV HIV Diabetes

No (%) No (%) No (%)

Have you been tested for ___?

Yes 102 (51.0) 135 (68.2) 125 (63.5)

No/Don’t Know 98 (49.0) 63 (31.8) 72 (36.5)

Tested positive for ___

Yes 19 (18.8) 5 (3.7) 32 (25.6)

No/Don’t Know 82 (81.2) 130 (96.3) 93 (74.4)

Would you want to know if you had ___?

Yes 172 (86.9) 186 (94.9) 186 (95.4)

No/Don’t Know 26 (13.1) 10 (5.1) 9 (4.6)

Should the hospital test ALL its patients for ___?

Yes 149 (76.0) 142 (73.2) 131 (68.3)

No 16 (8.2) 23 (11.9) 37 (19.3)

Don’t Know 31 (15.8) 29 (14.9) 24 (12.5)

One way to test everyone is to test all blood for ___ automatically. Would you be OK being tested this way?

Yes 168 (86.2) 159 (80.7) 145 (75.9)

No 17 (8.7) 23 (11.7) 30 (15.7)

Don’t Know 10 (5.1) 15 (7.6) 16 (8.4)

Preferred screening approach and potential concerns

Which way is best to test for ___?

Test all blood for ___. You might not know the test is being done. People who test negative would not be
told the result.

91 (48.4) 91 (50.3) n/a

Test all blood for ___. You would have a chance to ask NOT to be tested. People who test negative would
not be told the result.

69 (36.7) 64 (35.4) n/a

Let each doctor decide who to test. 28 (14.9) 26 (14.4) n/a

Would it be OK to test you for ___ automatically without talking to you about the test first?

Yes 67 (34.7) 69 (35.4) n/a

No 120 (62.2) 112 (57.4) n/a

Don’t Know 6 (3.1) 14 (7.2) n/a

If we found that you did NOT have ___, would it be okay if you did NOT get the results?

Yes 43 (21.7) n/a 77 (40.5)

No 148 (74.8) n/a 108 (56.8)

Don’t Know 7 (3.5) n/a 5 (2.6)

Do you think it’s better to be tested for ___ without knowing about it or not to be tested at all?

Be tested without knowing 134 (75.3) n/a n/a

Not be tested at all 44 (24.7) n/a n/a

If we found out you DID have ___, would it be okay if someone from the health department told you the
result? This would keep the result out of your medical record.

Yes 143 (73.3) n/a n/a

No 28 (14.4) n/a n/a

Don’t Know 24 (12.3)

n/a = question was not asked for condition
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screening practices[17,18], more automated approaches
or population-based public health interventions, possibly
involving pooled ribonucleic acid screening,[19] may be
necessary to address the burden of undiagnosed HCV.
The results of this survey suggest that many patients
would forego certain standards for consent to ensure
timely diagnosis of HCV.
There are several limitations to this study. First and

foremost, we are uncertain of the generalizability of our
findings. We found no differences in screening prefer-
ence between those seeking primary medical care and
those seeking care for orthopedic and other surgical dis-
ease at this regional level 1 trauma center, and no differ-
ences based on HCV or HIV risk factors, testing history,
or serostatus. Nonetheless, social and cultural differ-
ences may produce discordant results at other sites. Sec-
ond, we did not confirm the self-reported histories of
testing or disease status. To ensure brevity of the instru-
ment, not all questions were asked of all conditions, lim-
iting our ability to compare opinions across conditions.
Finally, as a primarily quantitative instrument, we may
have missed issues that could emerge in qualitative
research, a concern we attempted to address through
piloting the instrument and evaluating comments.

Conclusions
In summary, our findings demonstrate that patients sup-
port universal testing for HCV, as well as HIV, that an
“opt-out” program would be preferred if feasible, but
that patients appear to place a higher priority on being
tested than they do on the process of informed consent
or the receipt of negative results. These findings should
inform the priorities of clinicians, public health officials,
and clinical risk managers.
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Table 3 Associations with hepatitis C virus screening
preference (N = 188)

Universal
Screening
No (row%)

Clinician
Judgment
No (row%)

Clinic

General Medicine 32(82.1) 7(17.9)

Family Medicine 28(77.8) 8(22.2)

Womens’ 36(90.0) 4(10.0)

General Surgery 30(85.7) 5(14.3)

Orthopedics 34(89.5) 4(10.5)

Gender

Male 70(84.3) 13(15.7)

Female 89(85.6) 15(14.4)

Age (quartiles)

16-32 44(89.8) 5(10.2)

33-47 49(86.0) 8(14.0)

48-56 31(79.5) 8(20.5)

57-82 35(83.3) 7(16.7)

Race/ethnicity

White 87(83.7) 17(16.4)

African/African-American 52(85.3) 9(14.8)

Asian 8(88.9) 1(11.1)

Native Am/Alaskan Native 7(100.0) 0(0.0)

Hawaiian/Pacific Islander and Other 4(100.0) 0(0.0)

Hispanic/Latino

No 143(84.1) 27(15.9)

Yes 14(93.3) 1(6.7)

How often does your doctor tell you
ALL tests being done?

Always/Most of the time 113(83.1) 23(16.9)

Sometimes/Never 44(89.8) 5(10.2)

Importance of knowing ALL tests being
done

Very 136(84.0) 26(16.0)

Somewhat/Not 24(92.3) 2(7.7)

Ever injected drugs not prescribed by a
doctor

Yes 17(81.0) 4(19.0)

No 142(85.5) 24(14.5)

History of blood transfusion

Yes 36(92.3) 3(7.7)

No/Don’t Know 124(83.2) 25(16.8)

Sexual orientation

Heterosexual/straight 137(84.6) 25(15.4)

Gay/lesbian/queer 7(100.0) 0(0.0)

Bisexual 14(87.5) 2(7.4)

Have you been tested for HCV?

Yes 82(87.2) 12(12.8)

No/Don’t Know 78(83.0) 16(17.0)

Table 3 Associations with hepatitis C virus screening pre-
ference (N = 188) (Continued)

Tested positive

Yes 16(88.9) 2(11.1)

No/Don’t Know 66(88.0) 9(12.0)

Would you want to know if you had
HCV?*

Yes 145(88.4) 19(11.6)

No/Don’t Know 15(65.2) 8(34.8)

*p < 0.01

Coffin et al. BMC Infectious Diseases 2011, 11:160
http://www.biomedcentral.com/1471-2334/11/160

Page 5 of 6



Authors’ contributions
PC was responsible for protocol development, data collection, data analysis,
and manuscript preparation. AS conducted data collection, entry and
analysis and participated in manuscript preparation. JDS and JDS assisted
with instrument development and manuscript preparation. MG conceived
the study and assisted with design and manuscript preparation. All authors
read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 6 December 2010 Accepted: 6 June 2011
Published: 6 June 2011

References
1. McQuillan GM, Kruszon-Moran D, Denniston MM, Hirsch R: Viral hepatitis.

In NCHS Data Brief, no 27. Volume 27. Hyattsville, MD: National Center for
Health Statistics; 2010.

2. Colvin HM, Mitchell AE, EDs: Hepatitis and Liver Cancer: A National
Strategy for Prevention and Control of Hepatitis B and C. Washington,
D.C.: Institute of Medicine; 2010, 252.

3. Davis GL, Alter MJ, El-Serag H, Poynard T, Jennings LW: Aging of hepatitis
C virus (HCV)-infected persons in the United States: a multiple cohort
model of HCV prevalence and disease progression. Gastroenterology
138(2):513-521, 521 e511-516.

4. Hezode C, Forestier N, Dusheiko G, Ferenci P, Pol S, Goeser T,
Bronowicki JP, Bourliere M, Gharakhanian S, Bengtsson L, et al: Telaprevir
and peginterferon with or without ribavirin for chronic HCV infection.
N Engl J Med 2009, 360(18):1839-1850.

5. McHutchison JG, Everson GT, Gordon SC, Jacobson IM, Sulkowski M,
Kauffman R, McNair L, Alam J, Muir AJ: Telaprevir with peginterferon and
ribavirin for chronic HCV genotype 1 infection. N Engl J Med 2009,
360(18):1827-1838.

6. Ghany MG, Strader DB, Thomas DL, Seeff LB: Diagnosis, management, and
treatment of hepatitis C: an update. Hepatology 2009, 49(4):1335-1374.

7. Recommendations for prevention and control of hepatitis C virus (HCV)
infection and HCV-related chronic disease. Centers for Disease Control
and Prevention. MMWR Recomm Rep 1998, 47(RR-19):1-39.

8. Armstrong GL, Wasley A, Simard EP, McQuillan GM, Kuhnert WL, Alter MJ:
The prevalence of hepatitis C virus infection in the United States, 1999
through 2002. Ann Intern Med 2006, 144(10):705-714.

9. Aaron S, McMahon JM, Milano D, Torres L, Clatts M, Tortu S, Mildvan D,
Simm M: Intranasal transmission of hepatitis C virus: virological and
clinical evidence. Clin Infect Dis 2008, 47(7):931-934.

10. Nagami EH, Kim AY, Birch CE, Bowen MJ, McGovern BH: A “one-two
punch” leading to hepatitis C seroconversion. Clin Infect Dis 2011,
52(3):361-363.

11. Branson BM, Handsfield HH, Lampe MA, Janssen RS, Taylor AW, Lyss SB,
Clark JE: Revised recommendations for HIV testing of adults, adolescents,
and pregnant women in health-care settings. MMWR Recomm Rep 2006,
55(RR-14):1-17, quiz CE11-14.

12. Momplaisir F, Turner B: Risk based HIV retesting: back to the same old
challenges. Virulence 2010, 1(2):60-61.

13. HIV testing among pregnant women–United States and Canada, 1998-
2001. MMWR Morb Mortal Wkly Rep 2002, 51(45):1013-1016.

14. Haukoos JS, Hopkins E, Conroy AA, Silverman M, Byyny RL, Eisert S,
Thrun MW, Wilson ML, Hutchinson AB, Forsyth J, et al: Routine opt-out
rapid HIV screening and detection of HIV infection in emergency
department patients. JAMA 2010, 304(3):284-292.

15. Elder NC, McEwen TR, Flach J, Gallimore J, Pallerla H: The management of
test results in primary care: does an electronic medical record make a
difference? Fam Med 42(5):327-333.

16. Kelen GD, Fritz S, Qaqish B, Brookmeyer R, Baker JL, Kline RL, Cuddy RM,
Goessel TK, Floccare D, Williams KA, et al: Unrecognized human
immunodeficiency virus infection in emergency department patients. N
Engl J Med 1988, 318(25):1645-1650.

17. Ayanian JZ, Sequist TD, Zaslavsky AM, Johannes RS: Physician reminders to
promote surveillance colonoscopy for colorectal adenomas: a
randomized controlled trial. J Gen Intern Med 2008, 23(6):762-767.

18. Wright A, Poon EG, Wald J, Schnipper JL, Grant R, Gandhi TK, Volk LA,
Bloom A, Williams DH, Gardner K, et al: Effectiveness of health

maintenance reminders provided directly to patients. AMIA Annu Symp
Proc 2008, 1183.

19. Stekler J, Swenson PD, Wood RW, Handsfield HH, Golden MR: Targeted
screening for primary HIV infection through pooled HIV-RNA testing in
men who have sex with men. AIDS 2005, 19(12):1323-1325.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2334/11/160/prepub

doi:10.1186/1471-2334-11-160
Cite this article as: Coffin et al.: Patient acceptance of universal
screening for hepatitis C virus infection. BMC Infectious Diseases 2011
11:160.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Coffin et al. BMC Infectious Diseases 2011, 11:160
http://www.biomedcentral.com/1471-2334/11/160

Page 6 of 6

http://www.ncbi.nlm.nih.gov/pubmed/19403903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19403903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19403902?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19403902?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19330875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19330875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16702586?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16702586?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18764772?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18764772?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21189425?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21189425?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17167397?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17167397?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21178418?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21178418?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20639562?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20639562?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20639562?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3163774?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3163774?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18386103?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18386103?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18386103?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16052089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16052089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16052089?dopt=Abstract
http://www.biomedcentral.com/1471-2334/11/160/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


