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Abstract
Background: Longtime follow-up studies on patients with pharyngotonsillitis are rare. We aimed to describe the
patterns of new visits for a sore throat, complications and tonsillectomy during 2 years in a cohort of patients with
pharyngotonsillitis and non-infected controls.
Methods: A retrospective chart review was performed on a cohort of patients with acute sore throat (n = 207), and
non-infected controls (n = 108). New visits, complications and tonsillectomy within 2 years was recorded and
analyzed in relation to microbiological findings at inclusion.
Results: Patients with Group A streptococci (GAS) (12/66) reconsulted more often within 30 days than patients with
no GAS (9/141) (p = 0.009) and patients with F. necrophorum (2/29). After 2 years, we observed no significant
differences in reconsultations with regard to aetiology at inclusion. A single complication was recorded and 5
patients were planned for tonsillectomy.
Conclusions: Group A streptococci were the sole aetiological agent associated with recurrent sore throat while F.
necrophorum did not distinguish itself as a major cause of either recurrent infection or complications in this cohort.
More studies, preferably with the focus on adolescents, are needed before F. necrophorum can be considered an
important cause of pharyngotonsillitis.
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Background
Acute pharyngotonsillitis constitutes one fifth of all visits for
respiratory tract infections in Swedish primary healthcare
[1]. The most common causative agent is Streptococcus
pyogenes (Group A streptococcus, GAS) [2] but several
other bacteria and viruses have also been associated with the
condition [2, 3], among these Streptococcus group C and G,
Mycoplasma pneumoniae and Arcanobacterium haemolyticum. Furthermore, Fusobacterium necrophorum has been
suggested as a possible pathogen in tonsillitis [4–8] and
reported to be the second most common bacterial finding
[6]. However, no one has so far studied the course of these
patients, and studies on the course of patients with pharyngotonsillitis where modern diagnostic approaches and treatment recommendations have been used are also lacking.
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Pharyngotonsillitis is associated with short-term
complications such as sinusitis, otitis and peritonsillar abscess in a small percentage of patients [9]. Historically,
post-streptococcal acute rheumatic fever and glomerulonephritis were dreaded conditions, but these are now
uncommon in industrialized countries [2]. In some cases,
recurrent infections lead to tonsillectomy [10, 11], but the
long-term complications of an episode of pharyngotonsillitis have very rarely been studied, especially in relation to
the aetiology of the condition.
Recently, we performed a case-control study on the aetiology of pharyngotonsillitis in young Swedish adults with
a special focus on the importance of F. necrophorum as a
possible pathogen [6]. The present study is a follow-up on
that study with the purpose of observing patients over a
2-year period after a pharyngotonsillitis episode together
with a cohort of non-infected patients. Specifically, our
objective was to quantify the proportion of patients who
would have a new doctor’s appointment for a sore throat
within 2 years; have a complication of pharyngotonsillitis
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within 30 days; undergo or be planned for tonsillectomy
within 2 years. These outcomes were studied in relation to
the identified microorganism at inclusion.

Study subjects leaving the county during the follow-up
period were not reviewed but confirmed alive through the
Swedish population register.

Methods
As previously described [6], a prospective case-control study
was performed in 5 primary healthcare centres in southern
Sweden during 2 subsequent winter periods (October–
March, 2010–12). Patients aged 15–45 years presenting with
acute sore throat and assessed to be in need of seeing a
physician according to Swedish guidelines [12], were asked
to participate [6]. Samples were collected from throat, nasopharynx and blood and screened for 20 different viruses and
bacteria, using either culture, PCR or serology [6]. The
following microorganisms were analyzed: β-hemolytic
streptococci (Lancefield group A, C, and G), Fusobacterium
necrophorum, Mycoplasma pneumoniae, Chlamydophila
pneumoniae, Epstein-Barr virus, Adenovirus, Bocavirus,
Coronavirus NL63, Coronavirus OC43, Coronavirus HKU1,
Coronavirus 229E, Enterovirus, Influenza A virus, Influenza
B virus, Metapneumovirus, Parainfluenzavirus, Rhinovirus
and Respiratory syncytial virus. Controls were recruited
among patients aged 15–45 years who presented at the
healthcare centre for any other reason than respiratory tract
infections.

Statistical analysis

Follow-up

For both the patient and the control cohort medical files
were reviewed retrospectively for the 2 subsequent years
following inclusion. Data was retrieved from the comprehensive countywide electronic medical record system that
covers both general practice and hospital care (Cambio
Cosmic, Cambio Healthcare Systems, Linköping, Sweden)
in Kronoberg county, Sweden. A standardized protocol
was constructed to facilitate the review. Information about
new visits for a sore throat, complications within 30 days
after inclusion and tonsillectomy was retrieved from routine records. Based on previous studies [9, 13], we defined
a complication as one of the following conditions occurring within 30 days after inclusion: sinusitis, peritonsillitis,
media otitis, cellulitis, meningitis, sepsis, glomerulonephritis or rheumatic fever. A new visit was defined as a new
doctor’s visit in either primary or secondary healthcare
with an acute sore throat as the main symptom, including
both non-resolving cases and recurrence with a symptomfree interval. Surgery was defined as either tonsillectomy
or tonsillotomy, or being planned for this after consultation with an otorhinolaryngologist.
To minimize documentation bias, entries were read
through in full and assessed for possible re-labelling of
ICD-10 codes for outcomes. The review was performed by
the principle author (JP), who was blinded to study data
from the inclusion. Ambiguous medical entries were discussed with KH. Both researchers are general practitioners.

Protocol data was merged with inclusion data and transferred to SPSS 23.0 software (IBM, Armonk, NY, USA) for
descriptive statistics and for two-sided χ2-testing of proportions of categorical variables. Where expected numbers were
low, a two-sided Fisher’s exact test was used.
In accordance with Hedin et al. [6], the microorganisms
were grouped as: no pathogen”,” only viruses”,” only
bacteria”,” only GAS (Streptococcus pyogenes)”,” only F.
necrophorum” and” only Influenza B″. Consequently, all
groups were not mutually exclusive.
For calculations of new visits, we used “30 days” and
“2 years” after inclusion as points in time.
Power estimation and sample sizing was primarily calculated by Hedin et al. [6] for the aetiological study, and
not for the follow-up.

Results
Characteristics of patients and controls

All 220 patients and 128 controls originally included were
confirmed alive at follow-up after 2 years. Thirteen patients
and 18 controls had moved away from the county, one
control was already included as a patient and yet another
control was mistakenly registered twice, leaving 207 patients (94%) and 108 controls (86%) eligible for follow-up
(Fig. 1). Median age was 34 among patients (range 15–48)
and 33 among controls (range 16–46). Other characteristics
of the 2 groups are presented in Table 1. Among the
patients and controls lost to follow-up, the median age was
22 and 24, respectively (Table 2).
New visits for a sore throat

Of all patients 90/207 (43%) visited a doctor at least once
for a sore throat during the 2-year follow-up period, compared to 19/108 (18%) in the control group (p < 0.001). At
30 days after inclusion, the corresponding proportions
were 21/207 (10%) among patients and 4/108 (4%) among
controls (p = 0.045). Of the 21 patients 4 had nonresolving symptoms and 17 presented with a new episode.
In the group with GAS as the sole microbiological finding at inclusion, 9/46 (20%) patients made a new visit
within 30 days, which was significantly higher than among
patients with no GAS (9/141 (6.4%); p = 0.018, Fisher’s).
This difference remained even if the GAS group included
the 20 additional patients where GAS was found together
with other pathogens (12/66 (18%); p = 0.009).
None of the 10 patients with F. necrophorum as the only
finding reconsulted for a sore throat within 30 days, in contrast to 19/178 (11%) of patients with no F. necrophorum
(p = 0.08, Fisher’s). When considering all patients where F.
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Table 2 Characteristics of the missing cases in the follow-up of
patients with sore throat in primary healthcare in relation to
aetiology at inclusion
Number
Patients

Female

Median age (yy)

All

13

6

22

No pathogen

5

4

21

Only viruses

3

0

29

Only bacteria

5

2

19

GAS

–

–

–

F. necrophorum (only)

4

2

19

Influenza B

–

–

–

Complications and surgery

We excluded 2 patients from follow-up due to an ongoing
complication (sinusitis and peritonsillitis) already at inclusion. In these two, no pathogen had been found. Among
the remaining patients, 1 of 205 presented with sinusitis
within 30 days, as compared to no complications in the
control group. This patient had F. necrophorum as a single
pathogen at inclusion. Among patients without previous
tonsillar surgery, 5/178 (2.8%) either underwent or were
planned for surgery during the follow-up period, as
compared to none in the control group. In these 5 cases,
the microorganisms at inclusion were the following: only viruses (n = 1), only F. necrophorum (n = 1), only GAS (n = 1)
and no pathogen found (n = 2).

Fig. 1 Two-year follow-up of patients with a sore throat in
primary healthcare

Antibiotics

necrophorum was found, either alone or together with other
pathogens, 2/29 (7%) reconsulted within 30 days (p = 0.74,
Fisher’s, compared to no F. necrophorum).
The differences observed at 30 days were less evident
after 2 years, although the group with GAS as the only finding still had the highest proportion (52%) of at least one
reconsultation. At this point, however, the differences were
not statistically significant (Table 3). The temporal distribution of new visits is presented in Fig. 2, with separate cumulative percentages for “all patients”, “controls”, “all patients
with GAS” and “all patients with F. necrophorum”.
Table 1 Characteristics of the study population
Percent

Female

Patients
(n = 207)

Controls
(n = 108)

χ2
p

65

76

0.051

Of the 207 patients, 91 (44%) received an antibiotic prescription at inclusion. Antibiotics were prescribed more
often to patients with a Centor score of 3–4 (56/80
(70%)) than to patients with Centor score 0–2 (35/127
(28%)) (p < 0.001). When comparing aetiological groups,
patients with only GAS had the highest proportion of
prescriptions: 44/46 (96%), followed by the group with
Table 3 Proportion (%) of patients and controls attending for a
sore throat within 30 days and 2 years, respectively, in relation
to microbiological findings at inclusion
Microbiological finding at
inclusion

Percent
30 days

2 years

Controls (n = 108)

4

18

Patients (n = 207)

10

43

No pathogen (n = 60)

7

38

Only viruses (n = 49)

8

47

Smoker

14

8

0.090

Only bacteria (n = 80)

14

50

History of often having a sore throat

34

6

<0.001

GAS only (n = 46)

20

52

Previous tonsillectomy

14

13

0.70

F. necrophorum only (n = 10)

–

40

Antibiotic treatment in the past month

7

3

0.11

Influenza B only (n = 13)

–

46
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Fig. 2 Time to first new visit for a sore throat. The graph illustrates the pattern of new visits for sore throat over time where the cumulative
percentage of 100 corresponds to the total number of new visits in each patient group within 2 years from inclusion. The overall percentage of
new visits were: 90/207 (43%) for “all patients”, 19/108 (18%) for “controls”, 33/66 (50%) for “any GAS” and 11/29 (38%) for “any F. necrophorum”.
A “new visit” was only counted once for each patient

only bacteria: 58/80 (73%), only F. necrophorum: 3/10
(30%), no pathogen found: 13/60 (22%) and only viruses:
7/49 (14%). The patient who developed sinusitis as a complication did not receive antibiotic treatment at inclusion.
No significant difference was seen between treated or
untreated patients regarding new visits for a sore throat,
either within 30 days or after 2 years. This observation
held true both within the different aetiological groups
and in the patient group as a whole (data not shown).
Further analysis of the group with only GAS based on
Centor criteria, revealed that antibiotics were prescribed
equally often irrespective of Centor score (Table 4).

Table 4 Proportion of patients with GAS only (n = 46) and new
visits, in relation to Centor Score and antibiotics prescribed at first visit
Percent (n)
30 d

2 years

20 (3)

60 (9)

Antibiotics (n = 13)

15 (2)*

54 (7)**

Antibiotics (n = 2)

50 (1)

100 (2)

Centor 3–4 (n = 31)

19 (6)

48 (15)

Antibiotics (n = 31)

19 (6)

48 (15)

Antibiotics (n = 0)

–

–

Centor 0–2 (n = 15)

*p = 0.37 (Fisher’s exact test), **p = 0.49 (Fisher’s exact test), when
+ “antibiotics” is compared to - “antibiotics”

Discussion
In this study, we followed a well-described cohort of patients with pharyngotonsillitis and non-infected controls
in primary healthcare for 2 years after inclusion, with
special focus on the aetiology [6]. We observed a high
tendency in patients to return with a sore throat within
2 years irrespective of microbiological finding at inclusion, while patients with GAS more often returned
within 30 days as compared to patients with other possible aetiology of their disease. Only one complication
was recorded (sinusitis) and 2.8% of the patients underwent tonsillectomy within 2 years after inclusion.
The main strength of this study is that it links the
aetiological study on pharyngotonsillitis [6], where modern
techniques were used, with both short- (30 days) and longterm (2-year) follow-up data.
The medical file review was carried out in a comprehensive electronic medical record system that covered
both general practice and hospital care in the county.
This increased the possibility to catch all relevant events.
Possibly, a few patients may have sought medical advice
outside the county.
The main weakness of this study, however, is its small
size, being powered rather for the aetiological mapping
than for prospective follow-up of uncommon events.
This has increased the risk of missing true differences
between groups, as well as it prevented from adjusting
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for confounders such as smoking, age, socioeconomic
status and morbidity. Hedin et al. did, however, only find
smoking and tonsillar coating to be associated with F.
necrophorum at inclusion [6]. The rate of complications
and surgery was also in line with previous reports [9].
Research on children has suggested that immediate prescription increases the risk of both relapse and recurrent
infections [14], and Little et al. found that prescribing antibiotics lead to medicalisation and increased re-attendance
in patients with sore throat [15]. In our study, the group
of patients with only GAS had the highest proportion of
reconsultations within 30 days. In Swedish primary care,
rapid antigen detection tests for GAS are readily available,
and one hypothesis could be that the mere identification
of GAS changes the way physicians communicate with
their patients. This may in turn affect the patients’ view
on relapsing symptoms and hence lower their threshold
for re-attendance. The fact that most patients with GAS
were prescribed antibiotics, and equally often regardless of
Centor score, could reflect both an excessive use of rapid
antigen tests and GP’s making treatment decisions based
on microbiological findings rather than clinical severity.
The high prescription rate among patients with GAS and
F. necrophorum (despite the physicians being unaware of
the latter) may have reduced the number of complications
observed in this study. However, a study on respiratory
tract infections in general practice found that even a large
reduction in antibiotic prescribing was only associated
with a small increase in the number of complications [16].
While F. necrophorum was the second most prevalent
pathogen in the aetiological study [6], it does not seem to
compete with GAS aetiology regarding new visits in the
short-term perspective. Rather, the patients with F. necrophorum were positioned with the groups with “only viruses” and “no pathogen” detected. However, the power of
this result was somewhat diminished by 4 young patients
with F. necrophorum leaving the county before follow-up.
As the proportion of patients with new visits evened out
between groups over time, the aetiology did not seem to matter in the long perspective. This finding, together with the
finding that the patients had more new visits than the controls, might suggest that a subset of the general population
more often than the average experience a sore throat (as subjectively reported in the background characteristics) and/or
have a lower threshold for attending medical care. The proportion of controls that re-attended was higher than we had
anticipated. It must also be pointed out that a sore throat can
have non-infectious causes, and that this study might have
miss-classified some of the new visits as infectious.
According to current guidelines, the main reason for
treating an acute sore throat with antibiotics is to alleviate
symptoms in patients with more severe presentations,
rather than preventing complications or surgery [2]. This
study does not contradict these recommendations.
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The significance of F. necrophorum in an acute sore
throat has been debated: we saw previously that the bacterium was highly prevalent (15%) in the studied cohort,
only outnumbered by GAS [6], and Centor found it to be
even more common (20% prevalence) in a student population aged 15 to 30 [7]. Similarly, other researchers have
identified F. necrophorum more often in patients than in
controls [5, 8, 17] and Klug states that the role of F. necrophorum in acute tonsillitis seems significant but has to be
clarified [18]. These studies were all focused on the acute
illness and did not include a follow-up study. Jensen,
however, analysed throat swabs retrospectively among patients aged 10 to 40 and found F. necrophorum in 11% of
patients with acute non-streptococcal group A tonsillitis,
but in 23% of patients with recurrent tonsillitis, which
supports the view that the bacterium could be especially
involved in such conditions [5]. Similarly, our group has
found F. necrophorum to be common before tonsillectomy
but also prevalent (16%) six months post-tonsillectomy,
despite the fact that all these patients were then asymptomatic. This emphasizes the hypothesis that F. necrophorum may only cause a throat infection under certain
circumstances [19]. In this study, we have not found any
support for F. necrophorum as a more pathogenic finding
than other pathogens in patients with pharyngotonsillitis
with regard to new visits, complications or surgery within
2 years of infection.

Conclusions
This study verifies that Group A Streptococci still is to be
considered the most important pathogen in pharyngotonsillitis, associated with a higher number of new visits within
30 days, and that F. necrophorum did not distinguish itself
as a major cause of recurrent infection or complications.
These results do not merit any expansion of the aetiological
paradigm of pharyngotonsillitis as suggested by others [20].
More studies, preferably treatment studies with the focus
on the aetiology (and especially F. necrophorum) in adolescents with a sore throat, are needed before F. necrophorum
can be confirmed or discarded as an important pathogen in
pharyngotonsillitis.
Abbreviations
GAS: Group A Streptococcus
Acknowledgements
We thank Maria Bergdahl, Åsa Johansson, Emma Jonasson, and Emma Sohl,
Department of Clinical Microbiology, Växjö, for technical assistance, Mattias Rööst for
critical manuscript revision, and all the staff at the primary healthcare centres of
Alvesta, Birka, Dalbo, Hovshaga, and Strandbjörket, Växjö, for help with data
acquisition. The authors also wish to thank all the patients contributing to this study.
Funding
The authors received unrestricted grants from The Kronoberg County Council,
The Nordic Society of Clinical Microbiology and Infectious diseases (NSCMID),
and The South Swedish Region Council, to fund the design of the study;
collection, analysis, and interpretation of data; and for writing the manuscript.

Pallon et al. BMC Infectious Diseases (2018) 18:3

Availability of data and materials
The datasets generated and analysed during the current study are not
publicly available due to Swedish legislation (the Personal Data Act) but are
available from the corresponding author on reasonable request.
Authors’ contributions
JP: data acquisition, data analysis and interpretation, manuscript drafting and
final manuscript approval. MS, KH: study conception and design, data
interpretation, critical manuscript revision and final manuscript approval.
All authors read and approved the final manuscript.
Ethics approval and consent to participate
Ethical approval was obtained from the regional ethics review board in Linköping,
Sweden: 2010/267–31. Two amendments were approved for this study: 2013/
286–32 and 2015/146–32. All participants gave written informed consent before
inclusion and could withdraw at any time. In line with the decision from the
ethics review board and with Swedish law (The Act concerning the Ethical Review
of Research Involving Humans (2003:460)), research subjects aged 15 to 18 years
could consent on their own, without the involvement of a parent or legal
guardian. Personal information was treated confidentially.

Page 6 of 6

9.

10.

11.
12.

13.
14.

15.

Consent for publication
Not applicable.

16.

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

17.

Publisher’s Note

18.

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Clinical Sciences, Malmö, Family Medicine, Lund University,
Lund, Sweden. 2Department of Research and Development, Region
Kronoberg, Box 1223, 351 12 Växjö, Sweden. 3Faculty of Medicine and
Health, Department of Laboratory Medicine, Clinical Microbiology, University
Hospital, Örebro, Sweden. 4Primary Care Unit of Research and Development,
Region Jönköping County, Jönköping, Sweden.

19.

20.

Little P, Stuart B, Hobbs FD, Butler CC, Hay AD, Delaney B, et al. Antibiotic
prescription strategies for acute sore throat: a prospective observational
cohort study. Lancet Infect Dis. 2014;14:213–9.
Burton MJ, Glasziou PP, Chong LY, Venekamp RP. Tonsillectomy or
adenotonsillectomy versus non-surgical treatment for chronic/recurrent
acute tonsillitis. Cochrane Database Syst Rev. 2014:CD001802.
Ng GJ, Tan S, Vu AN, Del Mar CB, van Driel ML. Antibiotics for preventing
recurrent sore throat. Cochrane Database Syst Rev. 2015;7:CD008911.
Medical Products Agency. Management of pharyngotonsillitis
(Handläggning av faryngotonsilliter i öppenvård). Information från
Läkemedelsverket. Stockholm: Medical Products Agency, Sweden
(Läkemedelsverket). 2012:18–25.
Spinks A, Glasziou PP, Del Mar CB. Antibiotics for sore throat. Cochrane
Database Syst Rev. 2013:CD000023.
Pichichero ME, Disney FA, Talpey WB, Green JL, Francis AB, Roghmann KJ,
et al. Adverse and beneficial effects of immediate treatment of group a
beta-hemolytic streptococcal pharyngitis with penicillin. Pediatr Infect Dis J.
1987;6:635–43.
Little P, Gould C, Williamson I, Warner G, Gantley M, Kinmonth AL.
Reattendance and complications in a randomised trial of prescribing
strategies for sore throat: the medicalising effect of prescribing antibiotics.
BMJ. 1997;315:350–2.
Gulliford MC, Moore MV, Little P, Hay AD, Fox R, Prevost AT, et al. Safety of
reduced antibiotic prescribing for self limiting respiratory tract infections in
primary care: cohort study using electronic health records. BMJ. 2016;354:i3410.
Aliyu SH, Marriott RK, Curran MD, Parmar S, Bentley N, Brown NM, et al.
Real-time PCR investigation into the importance of fusobacterium
necrophorum as a cause of acute pharyngitis in general practice. J Med
Microbiol. 2004;53:1029–35.
Klug TE, Henriksen JJ, Rusan M, Fuursted K, Krogfelt KA, Ovesen T, et al.
Antibody development to fusobacterium necrophorum in patients with
peritonsillar abscess. Eur J Clin Microbiol Infect Dis. 2014;33:1733–9.
Bjork H, Bieber L, Hedin K, Sundqvist M. Tonsillar colonisation of
fusobacterium necrophorum in patients subjected to tonsillectomy.
BMC Infect Dis. 2015;15:264.
Centor RM. Expand the pharyngitis paradigm for adolescents and young
adults. Ann Intern Med. 2009;151:812–5.

Received: 27 June 2017 Accepted: 13 December 2017

References
1. Andre M, Vernby A, Odenholt I, Lundborg CS, Axelsson I, Eriksson M, et al.
Diagnosis-prescribing surveys in 2000, 2002 and 2005 in Swedish general
practice: consultations, diagnosis, diagnostics and treatment choices. Scand
J Infect Dis. 2008;40:648–54.
2. Group ESTG, Pelucchi C, Grigoryan L, Galeone C, Esposito S, Huovinen P,
et al. Guideline for the management of acute sore throat. Clin Microbiol
Infect. 2012;18(Suppl 1):1–28.
3. Huovinen P, Lahtonen R, Ziegler T, Meurman O, Hakkarainen K, Miettinen A,
et al. Pharyngitis in adults: the presence and coexistence of viruses and
bacterial organisms. Ann Intern Med. 1989;110:612–6.
4. Kjaerulff AM, Thomsen MK, Ovesen T, Klug TE. Clinical and biochemical
characteristics of patients with fusobacterium necrophorum-positive acute
tonsillitis. Eur Arch Otorhinolaryngol. 2015;272:1457–63.
5. Jensen A, Hansen TM, Bank S, Kristensen LH, Prag J. Fusobacterium
necrophorum tonsillitis: an important cause of tonsillitis in adolescents and
young adults. Clin Microbiol Infect. 2015;21(266):e1–3.
6. Hedin K, Bieber L, Lindh M, Sundqvist M. The aetiology of
pharyngotonsillitis in adolescents and adults - Fusobacterium necrophorum
is commonly found. Clin Microbiol Infect. 2015;21(263):e1–7.
7. Centor RM, Atkinson TP, Ratliff AE, Xiao L, Crabb DM, Estrada CA, et al. The
clinical presentation of fusobacterium-positive and streptococcal-positive
pharyngitis in a university health clinic: a cross-sectional study. Ann Intern
Med. 2015;162:241–7.
8. Amess JA, O'Neill W, Giollariabhaigh CN, Dytrych JKA. Six-month audit of
the isolation of fusobacterium necrophorum from patients with sore throat
in a district general hospital. Br J Biomed Sci. 2007;64:63–5.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

