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Abstract

Background: Despite advances in antimicrobial and surgical therapy, septic arthritis remains a rheumatologic
emergency that can lead to rapid joint destruction and irreversible loss of function. In adults, Staphylococcus aureus
is the most common microorganism isolated from native joints. Streptococcus gordonii is a prominent member of
the viridans group of oral bacteria and is among the bacteria most frequently identified as being primary agent of

as agent of septic arthritis.

subacute bacterial endocarditis. To the best of our knowledge, Streptococcus gordonii has not yet been described

Case Presentation: We describe here two cases of septic arthritis due to Streptococcus gordonii. It gives us an
opportunity to review epidemiology, diagnosis criteria and management of septic arthritis.

Conclusion: Although implication of S. gordonii as aetiologic agent of subacute endocarditis is well known, this
organism is a rare cause of septic arthritis. In this case, the exclusion of associated endocarditis is warranted.
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Background

Despite advances in antimicrobial and surgical therapies,
septic arthritis remains a rheumatologic emergency that
can lead to rapid joint destruction and irreversible loss
of function. In adults, Staphylococcus aureus is the most
common microrganism isolated from native joints,
found in 40-60% of cases in large series [1]. After S.
aureus, B-hemolytic streptococci are common cause of
bacterial arthritis; in contrast, viridans streptococci are
rarely associated with joint infection [2]. Streptococcus
gordonii is a prominent member of the large category of
viridans streptococci of oral bacteria that prevails pri-
marily on tooth surface [3]. S. gordonii, among others, is
well known for its ability to colonise damaged heart valves
and is among the bacteria most frequently identified as
being primary aetiological agent of subacute bacterial
endocarditis [4]. However, to the best of our knowledge,
this species has not yet been described in the literature as
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agent of septic arthritis (SA). We here describe two cases
of septic arthritis due to Streptococcus gordonii.

Case presentation

Case n°1

A 62-year-old man, born in Turkey, presented to the
Orthopaedics Clinic with a painful, erythematous and
swollen left knee that had appeared seven days prior to
examination. There was no history of fever or chills, no
prior history of dental care or any invasive procedure.
Past medical history revealed an occlusion of the left
central retinal vein (2003), atrial fibrillation, a history
of hypertension and hypercholesterolaemia. Current
medications included amiodarone, amlodipin and sim-
vastatin. Physical examination revealed poor dental sta-
tus, cardio-respiratory examination was normal (BP of
130/70 mmHg, HR of 60 bpm), as well as the abdominal
examination. Body temperature was checked at 37.5°C.
Examination of the left knee confirmed tenderness and
erythema associated with a joint effusion. Lab studies
disclosed a C-reactive protein (CRP) of 28.8 mg/dL, ele-
vated white blood cell count (WBC) (neutrophil count
of 10550 cells/mm?®). Standard X-Ray of the left knee
showed osteoarthritis. Aspiration of the knee revealed
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purulent fluid with a WBC count of 28800 cells/mm?
(90% of neutrophils) and absence of urate crystals. No
microorganism was observed on Gram-stain of the syn-
ovial fluid. Culture of this liquid yielded alpha-haemolytic
streptococci. The organism was identified by mass-
spectometry (MALDITOF) and Phoenix system (Becton
Dickinson, USA) as Streptococcus gordonii. Identification
was confirmed by (16S)rRNA gene sequencing. Blood cul-
tures remained negative after 5 days of incubation. Tra-
noesophageal ultrasound of the heart was normal.

Treatment for septic arthritis was undertaken, and
arthroscopic lavage of the joint performed. Microbiology
of the synovial biopsy and fluid collected during the pro-
cedure also revealed Streptococcus gordonii. All isolates
showed susceptibility to penicillin, ampicillin, cefotaxime,
erythromycin, clindamycin and vancomycin. Antibiotics
(ampicillin 2 g 4 hourly) were given intravenously for
2 weeks, and then switched to oral moxifloxacin 400 mg
od + rifampicin 600 mg/day for 2 weeks, for total treat-
ment duration of 4 weeks. Follow-up was satisfactory,
with a complete clinical and functional recovery.

Case n° 2

A 78-year-old female presented to the Orthopaedics
Clinic with painful swelling of the left knee that had
appeared 4 months prior to examination, with marked
worsening 4 weeks before admission. She described gen-
eral malaise and chills as well as a body temperature of
37.7°C. She denied any recent dental care or invasive
procedure. Her medical history was marked by degen-
erative arthritis of the left knee, treated with total knee
arthroplasty 9 months prior to presentation. She had a
quick and complete recovery after surgery. Her past
medical history consisted of Parkinson’s disease treated
with levodopa, depression treated with escitalopram,
past history of alcohol abuse, and compressive cervical
myelopathy which had been treated with surgery. Upon
examination, BP was 120/60 mmHg, HR 80 bpm, and
temperature 37,7°C. Cardiac examination revealed a
systolic murmur (2/6). Examination of the extremities
confirmed a warm and tender left knee with moderate
effusion. Lab tests disclosed a CRP of 10.25 mg/dL,
WBC-count was normal. CT-Scan of the knee reaveled a
suspicion of loosening of the prosthesis and enabled a
synovial-fluid aspiration. Investigation of the aspirate
showed WBC at 16300 cells/mm?® (92% of neutrophils).
Microscopic examination of Gram-stained synovial fluid
was negative for microorganisms. Pure culture of alpha-
hemolytic streptococci was recovered after 24 h of incu-
bation of synovial fluid inoculated into aerobic BACTEC
system. Organism was identified as viridans group
streptococci and later confirmed as Streptococcus gordonii
by (16S)rRNA gene sequencing (99,9% of identitity). This
orgainsm was recovered from other synovial fluid samples
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by using the same technique, but multiple blood cultures
(Bacted system, Becton Dickinson, USA) remained sterile
after 15 days of incubation. Transoesophageal echocardi-
ography showed a vegetation on the aortic valve with
major aortic regurgitation. Diagnosis of aortic endocardi-
tis was thus confirmed. Gentamycin (5 mg/kg/day) and
oral rifampicin (900 mg/day) were thus added to the
treatment that had been started after synovial aspiration
(iv ampicillin 2 g 4-hourly).

Treatment for chronic post-operative prosthetic joint
infection was undertaken, i.e. removal of prosthesis, soft
tissue debridement and spacer. Culture of synovial bi-
opsy obtained during surgery yielded pure culture of S.
gordonii. The patient underwent aortic valve replace-
ment and then, a revision knee arthroplasty was per-
formed in a second operative time. Both surgeries had
an uncomplicated follow-up. The total duration of anti-
biotic (shifted to amoxicilline 3 g/day + rifampicin
900 mg/day) was 12 weeks.

Discussion

All major surveys on septic arthritis demonstrate that
predominant causative organisms of septic arthritis
are either staphylococci or streptococci [5-13]. These
organisms account for 91% of cases [6]. Gram-negative
organisms are more common in older or immunocom-
promised patients than in young adults. Anaerobic
organisms rarely cause septic arthritis, but are more com-
mon when there is a history of penetrating trauma [5,14].
The viridans group streptococci is however rarely the
causative agent of septic arthritis. S. viridans group is a
heterogenous group of organisms with complex and con-
troversial taxonomy. Today, this group is classified into
6 majors groups: S. mutans group, S. salivarius group,
S. anginosus group, S. mitis group and S. bovis group [15].
Based on phenotypic reactions, the S. mitis group can
be further divided into S. sanguinis (formely known as
S. sanguis) that includes S. gordonii, and S. mitis. The viri-
dans group streptococci are part of the commensal flora
and have low virulence, and infection with this micro-
organism usually appears on a previously injured focus
[2,15]. However, its association with dental caries and bac-
terial endocarditis has been well established [2,16]. Com-
prehensive reviews on the topic does not mention viridans
group streptococci as aetiological agents in septic arthritis
[5]. However, some isolated cases have been identified,
mainly affecting the knee, sternoclavicular, acromioclavi-
cular and sacroiliac joints [2,17-20]. In one of these cases,
septic arthritis was associated with bacterial endocarditis
[20]. Blankstein et al. [18] described a minor trauma
shortly preceding development of septic phenomenon.
Alpha-haemolytic streptococci have been implicated in 15
cases of spondylodiscitis, including S. mitis group (S. mitis
and S. sanguinis) and S. anginosus [21]. Other members
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of Streptococcus viridans from S. mitis group (S. sanguinis,
and S. oralis) have been described in case-reports as agent
of septic arthritis [22-24]. We found no case of Streptococcus
gordonii septic arthritis in modern literature.

Risk factors for development of joint sepsis include:
rheumatoid arthritis (RA) or osteoarthritis, prosthetic
joints, low socioeconomic status, intravenous drug abuse,
alcoholism, diabetes mellitus, previous intra-articular
corticosteroid injection and cutaneous ulcers [5].

A prospective community survey of bacterial arthritis
found that a number of factors seem to be associated
with poor prognosis. These include older age, pre-
existing joint disease and the presence of synthetic
material within the joint [25].

Septic arthritis typically presents as a hot, swollen, ten-
der joint or joints with a reduced range of movement.
Symptoms are usually present for less than 2 weeks at
presentation, but significant delay may occur, particularly
with low-virulence organisms, tuberculosis and prosthesis
infection. Large joints are more commonly reported than
small joints. In up to 60% of cases, the affected joints are
the hip or the knee [5,8,26,27]. When there is pre-existing
inflammatory joint disease, such as RA, symptoms in the
affected joint, or joints, are out of proportion to disease
activity detected in other joints [5].

Our first patient is an older patient with poor dental
status. We postulated that he experienced transitory bac-
teriaemia (despite the fact that multiple blood cultures
upon admission were negative) and that pre-existing se-
vere degenerative arthritis of the knee promoted bacter-
ial graft on that focus. The second patient is also an
older woman with pre-existing valvulopathy and knee
arthroplasty. We also postulated that she experienced
transitory bacteriaemia and developed endocarditis and
prosthetic joint infection.

Prompt microscopic analysis and culture of synovial
fluid are fundamental diagnostic tools in the evaluation of
possible joint sepsis, enabling diagnosis (of both sepsis and
crystal-induced arthritis) to be confirmed rapidly. Culture
is more sensitive than microscopy alone, as synovial fluid
Gram-staining is positive in only 50% of cases.

Cytology performed on synovial fluid shows WBC-
count of 100.000 cells/mm?® on average (between 25000
and 250000 cells/mm®). A cell-count of more than
50.000 cells/mm?® with more than 90% of neutrophils
makes the diagnosis of septic arthritis highly probable
[28]. Coutlakis et al., in their retrospective study on 202
patients, showed that when cell-count on synovial fluid
is over 100.000/mm?, 77% of patients had septic arth-
ritis, while 47% of patients were diagnosed with SA if
cell-count was between 50.000 and 100.000/mm?. Below
the 50.000/mm?>-cut-off, diagnosis of SA was less probable
[29], though it does not exclude it. A septic arthritis with
a WBC-count < 25.000/mm® can be encountered mainly
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in patients with a history of cancer, those on corticoster-
oids or in iv-drug abuser, though neutrophil-count
remains higher than 90%. In knee arthroplasty, a synovial
fluid leucocyte-count of more than 1.7 x 10*/mm?® had a
sensitivity of 94% and a specificity of 88% for prosthetic
joint infection (PJI) [30]. Synovial polymorphonuclear
neutrophil differential higher than 65% had a sensitivity
of 94% and a specificity of 98% for PJI.

Synovial fluid aspiration also enables a search for
crystals, to exclude gout or microcrystalline arthritis.

Other laboratory studies can be performed, like glucose
levels: (SA : glucose <40 mg/dL or 50% of glycemia) or
lactates (high levels). Though they are not specific, they
make diagnosis of septic arthritis more likely [31,32].

The cornerstone of rapid and reliable confirmation of
diagnosis of suspected septic arthritis is microbiological
examination of synovial fluid. The sensitivity for detec-
tion of a causative organisms is, however, often disap-
pointing. It is generally accepted that samples of freshly
aspirated joint fluid should be sent to the laboratory for
immediate analysis. Different factors have been impli-
cated in the failure to detect the causative organism
from patients with septic arthritis including small vol-
ume of cultured specimen, purulent exudates that could
play an inhibitory effect on bacterial grownth and lower
concentration of bacteria in synovial fluid. In this matter,
inoculation of synovial fluid into blood culture medium
such as BACTEC system (Becton Dickinson diagnostic
instrument systems) or paediatric isolator tubes enhances
recovery of microorganisms. Inoculation of sterile sam-
ples such as synovial fluid directly into BACTEC system
is a usual practice in our institution and yielded the
aetiologic agent in the two above-mentionned cases.
Identification of viridans group streptococci remains
difficult by currently manual or automated methods.
This, together with taxonomic problems in this group of
organisms, have made identification at the species level
not always accurate and frequently absent in many
reported cases of septic arthritis by viridans group strepto-
cocci. Matrix-associated laser desorption ionization-time
of fligtht (MALDITOF) is a rapid and cost-effective tool
for identification of bacteria cultures. Recent studies
comparing ability of this system with biochemical ana-
lyses showed that MALDITOF appeared to be a rapid
and accurate mode of viridans group streptococci identi-
fication [33]. This method yielded the correct identifica-
tion of S. gordonii in our patients as confirmed by 16S
rRNA gene sequence analysis.

Treatment of septic arthritis differs depending on the
joint: native vs prosthetic joint. Prompt treatment with
antibiotics together with removal of any purulent mater-
ial is the mainstay of treatment for septic arthritis.

There is little evidence on which to base the choice
and duration of antibiotic treatment, and we found no
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prospective randomised, controlled trials. One system-
atic review and meta-analysis of antibiotic treatment
for joint infections showed no advantage on clinical or
bacteriological efficacy of one antibiotic regimen over
another [34]. Currently, the choice of antibiotic is based
on the likelihood of the organism involved modified by
results of Gram-staining and culture.

Removal of purulent materiel can be achieved either
surgically or through closed needle aspiration. There is
controversy over which mode of drainage should be
used. Recently, Butt et al. found that 77% of rheumatolo-
gists and 66% of orthopaedic surgeons (OS) in the UK
recommended surgical joint drainage; 22% and 27%,
respectively, recommended repeated closed needle aspir-
ation as their chosen method of joint drainage [35].
However, Ravindran et al, in a recent study comparing
medical treatment (serial closed-needle aspiration) and
surgical treatment (arthroscopy/arthrotomy combined
with joint washout), showed that for native joint SA,
surgical treatment was not superior to medical treat-
ment and, therefore, highlighted the need for careful
case selection for surgical intervention [36].

Antimicrobial therapy without implant removal in
streptococcal prosthetic joint infections has been
reported to be successful in 45 of 63 cases (71%) [37].
Everts et al., in their study on PJI due to Streptococcus
treated with antimicrobial therapy and retention of im-
plant, found a success rate of 94% [37]. Streptococcus
viridans PJI treated with primary antibiotic and implant
retention showed success in 8 of 10 cases (80%) [37].
However, some criteria must be respected: stable im-
plant, acute infection with symptom duration of less
than 3 weeks and the patient should tolerate long-term
antimicrobial therapy. In our second case, we decided to
perform a two-stages surgery because symptoms were
present for 4 weeks and X-ray showed suspicion of
implant loosening.

Conclusions

We can conclude that, although implication of S. gordonii
as aetiologic agent of subacute endocarditis is well known,
this organism is a rare cause of septic arthritis. In this case,
the exclusion of associated endocarditis is warranted. The
prognosis of septic arthritis caused by S. gordonii appears
to be favourable when a rapid approach including drain-
age of the joint, removal of any prosthesis and antibiotic
therapy is undertaken.

Consent

Written informed consent was obtained from the two
patients for publication of these cases reports . A copy
of the written consent is available for review by the
editor-in-chief of this journal.

Page 4 of 5

Competing interests
No conflics of interest to declare.

Authors’ contributions

YJC: Clinical management of the cases and manuscript redaction. BL, DW, BV:
relecture of the manuscript. SJ: english correction and redaction of
manuscript. OC: surgical management and relecture of manuscript. HR:
microbiological management and redaction of manuscript. All authors read
and approved the final manuscript.

Author details

'Departement of Internal Medicine and Infectious Diseases, Cliniques
Universitaires Saint Luc, Université catholique de louvain, 10 avenue
hippocrate, Brussels 1200, Belgium. “Departement of Orthopaedic Surgery,
Cliniques Universitaires Saint Luc, Université catholique de louvain, 10
avenue hippocrate, Brussels 1200, Belgium. *Departement of Microbiology,
Cliniques Universitaires Saint Luc, Université catholique de louvain, 10
avenue hippocrate, Brussels 1200, Belgium.

Received: 8 December 2011 Accepted: 5 September 2012
Published: 13 September 2012

References

1. Peters RH, Rasker JJ, Jacobs JW, Prevo RL, Karthaus PP: Bacterial arthritis in
a district hospital. Clin Rheumatol 1992, 11:351-355.

2. Barbadillo C, Trujillo A, Cuende E, Mazzucchelli R, Mulero J, Andreu JL:
Septic arthritis due to Streptococcus viridans. Clin Exp Rheumatol 1990,
8:520-521.

3. Jenkinson HF, Lamont RJ: Oral microbial communities in sickness and in
health. Trends Microbiol 2005, 13:589-595.

4. Douglas CW, Heath J, Hampton KK, Preston FE: Identity of viridans
streptococci isolated from cases of infective endocarditis. J Med Microbiol
1993, 39:179-182.

5. Mathews CJ, Kingsley G, Field M, Jones A, Weston VC, Phillips M, Walker D,
Coakley G: Management of septic arthritis: a systematic review.

Ann Rheum Dis 2007, 66:440-445.

6. Weston VC, Jones AC, Bradbury N, Fawthrop F, Doherty M: Clinical features
and outcome of septic arthritis in a single UK health district 1982-1991.
Ann Rheum Dis 1999, 58:214-219.

7. Gupta MN, Sturrock RD, Field M: A prospective 2 year study of 75 patients
with adult onset septic arthritis. Rheumatology (Oxford) 2001, 40:24-30.

8. Kaandorp CJ, Dinant HJ, van de Laar MA, Moens HJ, Prins AP, Dijkmans BA:
Incidence and sources of native and prosthetic joint infection: a
community based prospective survey. Ann Rheum Dis 1997, 56:470-475.

9. Sharp JT, Lidsky MD, Duffy J, Duncan MW: Infectious arthritis. Arch Intern
Med 1979, 139:1125-1130.

10.  Dubost JJ, Fis I, Denis P, Lopitaux R, Soubrier M, Ristori JM, et al:
Polyarticular septic arthritis. Medicine (Baltimore) 1993, 72:296-310.

11, Ryan MJ, Kavanagh R, Wall PG, Hazleman BL: Bacterial joint infections in
England and Wales: analysis of bacterial isolates over a four year period.
Br J Rheumatol 1997, 36:370-373.

12. Dubost JJ, Soubrier M, De Champs C, Ristori JM, Bussiere JL, Sauvezie B: No
changes in the distribution of organisms responsible for septic arthritis
over a 20 year period. Ann Rheum Dis 2002, 61:267-269.

13. Goldenberg DL, Cohen AS: Acute infectious arthritis. A review of patients
with nongonococcal joint infections (with emphasis on therapy and
prognosis). Am J Med 1976, 60:369-377.

14.  Brook |, Frazier EH: Anaerobic osteomyelitis and arthritis in a military
hospital: a 10 year experience. Am J Med 1993, 9421-9428.

15.  Facklam R: What happened to the streptococci: overview of taxonomic
and nomenclature changes. Clin Microbiol Rev 2002, 15:613-630.

16. Johnson CC, Tunkel AR: Viridans streptococci, groups C and G
streptococci, and Gemella morbillorum. In Mandell, Douglas, and Bennett’s
Principles and Practice of Infectious Diseases, ed 6. Edited by Mandell GL,
Bennett JE, Dolin R. Philadelphia: Elsevier Churchill Livingstone;
2005:2434-2451.

17. Mata P, Molins A, De Oya M: Sternal arthritis caused by Streptococcus
viridans in a heroin addict. Med Clin 1984, 83:689.

18.  Blankstein A, Amsallem JL, Rubinstein E, Horoszowski H, Farin I: Septic
arthritis of the acromioclavicular joint. Arch Orthop Trauma Surg 1985,
103:417-418.



Yombi et al. BMC Infectious Diseases 2012, 12:215 Page 5 of 5
http://www.biomedcentral.com/1471-2334/12/215

19.  Fossaluzza V, Tosato F, Rossi P, Udina P: Bacterial endocarditis caused by
Streptococcus viridans disclosed by sacrailiitis. Rev Rhum Mal Osteoartic
1987, 54:79.

20.  Weber M, Gulber J, Faher H, Crippa M, Kissling R, Boos N, Gerber H:
Spondylodiscitis caused by viridans streptococci: three cases and review
of the literature. Clin Rheumatol 1999, 18(5):417-421.

21. Balsam LB, Sheperd GMG, Ruoff KL: Streptococcus anginosus
spondyodiskitis. Clin Infect Dis 1997, 24:93-94.

22. Edson RS, Osmon DR, Berry DJ: Septic arthritis due to streptococcus
sanguis. Mayo Clin Proc 2002, 77:709-710.

23. Mandac |, Prkacin |, Matovinovic MS, Sustercic D: Septic arthritis due to
streptococcus sanguis. Coll Antropol 2010, 34:661-664.

24. Gomila Sard B, Teliez Castillo CJ, Sabater-Vidal S, Moreno-Munoz R: Early
prosthetic joint infection due to streptococcus oralis. Enferm Infecc
Microbiol Clin 2009, 27:547-548.

25.  Kaandorp CJ, Krijnen P, Moens HJ, Habbema JD, van Schaardenburg D: The
outcome of bacterial arthritis: a prospective community-based study.
Arthritis Rheum 1997, 40:884-892.

26.  Meijers KA, Dijkmans BA, Hermans J, van den Broek PJ, Cats A: Non-
gonococcal infectious arthritis: a retrospective study. J Infect 1987,
14:13-20.

27. Rosenthal J, Bole GG, Robinson WD: Acute nongonococcal infectious
arthritis. Evaluation of risk factors, therapy, and outcome. Arthritis Rheum
1980, 23:889-897.

28. Swan A, Amer H, Dieppe P: The value of synovial fluid assays in the
diagnosis of joint disease: a literature survey. Ann Rheum Dis 2002,
61:493-498.

29.  McCutchan HJ, Fisher RC: Synovial leukocytosis in infectious arthritis.

Clin Orthop 1990, 257:226-230.

30. Coutlakis PJ: In, Roberts WN, Wise CM, eds. Another look at synovial fluid
leukocytosis and infection. J Clin Rheumatol 2002, 8:67-71.

31. Trampuz A, Hanssen AD, Osmon DR, et al: Synovial fluid leucocyte count
and differential for diagnosis of prosthetic knee infection. Am J Med
2004, 117:556-562.

32. Shmerling RH, Delbanco TL, Tosteson AN, Trentham DE: Synovial fluid
tests. What should be ordered? JAMA 1990, 264:1009-1014.

33. Fiedrichs C, Rodloff AC, Chhatwal GS, Schellenberger W, Eschrich E: Rapid
identification of viridans streptococci by mass spectometric
discrimination. J Clin Microbiol 2007, 45:2392-2397.

34. Stengel D, Bauwens K, Sehouli J, Ekkernkamp A, Porzsolt F: Systematic
review and meta-analysis of antibiotic therapy for bone and joint
infections. Lancet Infect Dis 2001, 1:175-188.

35. Butt U, Amissah-Arthur M, Khattak F, Elsworth C: What are we doing about
septic arthritis? A survey of UK-based rheumatologists and Orthopedic
surgeons. Clin Rheumatol 2011, 30:707-710.

36. Ravindran V, Logan |, Bourke BE: Medical versus surgical treatment for the
native joint in septic arthritis: a 6-years, single UK academic centre
experience. Rheumatology 2009, 48:1320-1322.

37. Everts RJ, Chambers ST, Murdoch DR, Rothwell AG, McKie J: Successful
antimicrobial therapy and implant retention for streptococcal infection
of prosthetic joints. ANZ J Surg 2004, 74:210-214.

doi:10.1186/1471-2334-12-215
Cite this article as: Yombi et al.: Streptococcus gordonii septic arthritis :
two cases and review of literature. BMC Infectious Diseases 2012 12:215.

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 BiolVed Central




	Abstract
	Background
	Case Presentation
	Conclusion

	Background
	Case presentation
	Case n°1
	Case n° 2

	Discussion
	Conclusions
	Consent
	Competing interests
	Authors’ contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


