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Abstract

Background: Pneumococcal vertebral osteomyelitis (PVO) is a rare disease whose clinical characteristics have not
been clarified. This study aimed to investigate the clinical features and outcomes of patients with PVO.

Methods: We retrospectively evaluated all adult patients diagnosed with PVO at three teaching hospitals in Japan
from January 2003 to December 2011. All cases were identified through a review of the medical records of patients
with invasive pneumococcal disease (IPD).

Results: Among 208 patients with IPD, we identified 14 with PVO (6.4%; 95% CI, 3.5–10%). All 14 patients (nine
male, five female; median age 69 years) had acquired PVO outside the hospital and had no recent history of an
invasive procedure or back injury. Five patients (36%) had diabetes mellitus, and four (29%) had heavy alcohol
intake. Fever (n = 13; 93%) or back pain/neck pain (n = 12; 86%) were present in most patients. The lumbar spine
was affected in nine patients (64%) but the cervical spine was the site of infection in four patients (29%). All
patients except one had a positive blood culture for Streptococcus pneumoniae, and there were no distant infected
sites in most patients (n = 10; 71%). Intravenous beta-lactam therapy was initiated within 1 week after the onset of
symptoms in 11 patients (79%). No patients died within 30 days, but one patient died from aspiration pneumonia
on day 37 after admission.

Conclusions: PVO was relatively common among adult patients with IPD, and mortality was low in this study.
S. pneumoniae may be the causative pathogen of vertebral osteomyelitis, especially among community-onset cases
without a history of invasive procedures or back injury.

Keywords: Pneumococcal infections, Spinal infections, Spondylodiscitis, Streptococcus pneumoniae,
Vertebral osteomyelitis

Background
Streptococcus pneumoniae is an important pathogen that is
the main cause of community-acquired pneumonia [1], me-
ningitis [2], sinusitis [3] and otitis media [4]. S. pneumoniae
was also the third most common pathogen in bacterial
arthritis, identified in 6% of cases [5].
Pneumococcal vertebral osteomyelitis (PVO) is a very

rare disease, and the incidence has not been described in

previous vertebral osteomyelitis studies [6-8]. In a litera-
ture review of 28 cases with pneumococcal spinal infec-
tions, Turner et al. [9] reported that most of the patients
had symptoms for weeks before diagnosis and that the
lumbar spine was the most common site of infection.
Severe complications were relatively frequent (endocar-
ditis 4/28, 14%; meningitis 5/28, 18%), and mortality was
high (7/28, 25%) [9]. However, these epidemiological
data were derived from case reports, which included
cases published more than 50 years ago. Currently, there
are few clinical studies of PVO available because of the
rare incidence of the infection.
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In this study, we set out to determine the clinical epi-
demiology of patients with PVO in a 9-year retrospective
review of cases of invasive pneumococcal disease (IPD)
at three teaching hospitals with tertiary emergency med-
ical centers in Japan.

Methods
Patients
All adult patients with IPD who were admitted to Seirei
Mikatahara General Hospital (SMGH, 934 beds), Seirei
Hamamatsu General Hospital (SHGH, 744 beds), and
Tsukuba Medical Center Hospital (TMCH, 409 beds) from
January 2003 to December 2011 were retrospectively
reviewed. Patients with IPD were identified from a review
of the microbiological records of S. pneumoniae detection
in samples of blood, cerebrospinal fluid, joint fluid, or pus
from the abscess obtained by aseptic techniques. The ex-
clusion criteria were: (1) age ≤17 years; (2) a previous his-
tory of IPD; (3) concurrent detection of other pathogenic
bacteria from aseptic sites; and (4) patient refusal, as writ-
ten in the medical chart, to provide personal information
for out-of-care purposes. PVO was identified if the blood
culture or the pus aspirated from the intervertebral disk
space, or paravertebral, epidural or psoas abscesses was
positive for S. pneumonia. Vertebral osteomyelitis was con-
firmed by magnetic resonance imaging (MRI) or equivalent
imaging methods in the radiologist’s official report [10].

Data collection
Medical records, nursing databases, and microbiological
records from each hospital were reviewed by physicians
qualified as Fellows of the Japanese Society of Internal
Medicine, and all decisions were based on consensus.
The demographic and background data extracted from

patient records included the following: age; sex; body
weight; area of residence; functional capacity according to
activities of daily living (ADL) before onset of pneumococ-
cal bacteremia (Katz index [11]); comorbidities and the
Charlson comorbidity index [12]; use of immunosuppres-
sants or chemotherapy; administration of antimicrobial
agents before obtaining samples for blood culture; extent of
tobacco and alcohol intake; seasonality; presence of fever,
neck or back pain; time from onset of symptoms until
treatment; and preceding history of trauma, skin infections
or respiratory symptoms. Patients receiving immunosup-
pressants were defined as those receiving more than 1 mg
of prednisolone on a daily basis or any other immunosup-
pressive agent such as azathioprine or methotrexate. Pa-
tients with heavy alcohol intake were defined as those who
consumed more than 80 g of ethanol daily. The duration of
alcohol intake was not considered in this study.
Clinical and laboratory data included clinical severity,

antimicrobial susceptibilities determined by broth micro-
dilution methods, location of infection sites, complications

and other sites of infection, initial antimicrobial agents
used, total duration of antibiotic therapy, invasive proce-
dures performed, morbidity and mortality. Clinical severity
was classified into sepsis and septic shock based on re-
cently described criteria [13]. Urine output and lactic acid
concentrations were not evaluated as criteria for severe
sepsis. The prothrombin time international normalized ra-
tio (PT-INR) was considered to be ≤1.5 in cases in which
prothrombin time was not determined. Other infective
sites including meningitis and infective endocarditis were
evaluated based on guidelines or established criteria
[14,15]. Pneumonia was considered to be present if a blood
culture was positive for S. pneumoniae and a chest X-ray
or computed tomography showed infiltration consistent
with pneumonia in the lung field. Other infective sources
such as septic arthritis, liver abscess, or retropharyngeal ab-
scess were considered to be other sites of infections when
contrast-enhanced computed tomography or MRI showed
compatible findings in an official radiologist’s report.
Outcomes were assessed by morbidity and mortality.

Morbidity was defined by the presence of any disorder
reducing ADL capacity (Katz Index) at discharge com-
pared with ADL before admission. Mortality was evalu-
ated at 14 and 30 days.

Statistical analysis
We compared the clinical characteristics of patients with
PVO with those of patients with other IPD. Categorical
variables were analyzed by the χ2 test or Fisher’s exact
test as appropriate. Continuous variables were compared
using the Student t test. The SPSS software package
(version 20, IBM, Armonk, NY, USA) was used for all
analyses. Statistical significance was defined as a two-
tailed p value <0.05. For the detection rate of PVO
among IPD, we computed exact confidence intervals for
a proportion from the binomial distributions.

Ethical considerations
This study was approved by the ethics committees of
Seirei Mikatahara General Hospital, Seirei Hamamatsu
General Hospital and Tsukuba Medical Center Hospital.

Results
We identified 219 adult IPD patients during the study
period, of whom 11 met the exclusion criteria (seven de-
clined non-medical use of personal information, three
had concurrent detection of other pathogenic bacteria,
and one was a recurrent case). Therefore, data from 208
cases were reviewed for infective sources. This resulted
in identification of 14 patients (6.4%; 95% CI, 3.5–10%)
with PVO, followed by 129 with pneumonia or empy-
ema, 25 with primary bacteremia, 23 with meningitis,
seven with joint infections and 10 with other infections.
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Clinical characteristics and outcomes
The characteristics and demographic data of the 14 pa-
tients with PVO are summarized in Table 1. The median
age was 69 years (range, 35–88 years) and five (36%) were
women. Compared with patients with other IPDs, heavy
alcohol intake was significantly more prevalent in patients
with PVO (29% vs. 6%, P = 0.02). Diabetes mellitus was
also common among patients with PVO (36%), although
its prevalence was not significantly greater than that in
IPD cases (19%). No patient was infected with HIV, or
had a history of skin infections, invasive procedures or
trauma. Only one patient had respiratory symptoms com-
plicated by pneumonia and no patient presented with in-
fluenza. While cases of other IPDs were relatively
frequent during the winter season (between December
and March), this trend was not seen in the PVO group
(50% vs. 14% for winter occurrences, P = 0.01).

Regarding clinical symptoms, fever was noted in 13
patients (93%) and a history of neck or back pain was
noted in 12 patients (86%). Two patients without neck
or back pain were identified as possible PVO cases by
computed tomography before systemic investigation of
pneumococcal bacteremia, and the diagnosis was later
confirmed by MRI. Most patients (11/14; 79%) received
effective antimicrobial therapy within 7 days after onset
of suspected symptoms. Only one patient was diagnosed
at 1 month after onset, and this patient subsequently de-
veloped endocarditis and required an operation.
All patients were hospitalized for treatment and seven

patients (50%) presented with severe sepsis, but no pa-
tient developed septic shock (Table 1). Drug susceptibil-
ity to penicillin G (minimum inhibitory concentration
(MIC) ≤ 2 μg/mL) and levofloxacin (MIC ≤ 2 μg/mL) was
preserved in all strains.

Table 1 Demographic data for cases of pneumococcal vertebral osteomyelitis and comparison with other invasive
pneumococcal disease

Pneumococcal vertebral osteomyelitis Other invasive pneumococcal disease P-value

n = 14 (*) n = 194 (**) (*) vs (**)

Age (y) (median) 69 (35–88) 73 (28–95) 0.433

Female 5 (35.7%) 70 (36.1%) 0.999

Body weight (kg) (median) 52.8 (27.5–80.0) 49.8 (29.5–92.4) 0.272

ADL impairment (Katz Index) 0 24/179 (13.4%) 0.325

Residents in long-term care facilities 0 15 (7.7%) 0.605

Charlson comorbidity index (median) 1 (0–6) 1 (0–9) 0.461

Diabetes mellitus 5 (35.7%) 37 (19.1%) 0.164

Malignancy 2 (14.3%) 35 (18.0%) 0.999

Dialysis 0 5 (2.6%) 0.999

Splenectomy 0 3 (1.5%) 0.999

Immunosuppressants or chemotherapy 2 (14.3%) 29 (14.9%) 0.999

Antibiotics used before culture obtained 1 (7.1%) 28 (14.4%) 0.698

Smoking 6/12 (50.0%) 98/181 (54.1%) 0.780

Heavy alcohol intake 4 (28.6%) 12 (6.2%) 0.015

Seasonality (winter: December-March) 2 (14.3%) 97 (50.0%) 0.011

Hospital-onset infections 0 22 (11.3%) 0.371

Clinical Severity Scale 0.224

Severe sepsis 7 (50.0%) 69 (35.6%)

Septic shock 0 31 (16.0%)

Initial antimicrobial therapy 0.292

Beta-lactam agents monotherapy 7 (50.0%) 129/189 (68.3%)

Beta-lactam agents combination therapy 7 (50.0%) 51/189 (27.0%)

Other antibiotics 0 9/189 (4.7%)

Duration of antibiotic therapy (days) 52 (20–330) 15 (0–105) 0.035

14-day mortality 0/14 (0%) 29/188 (15.4%) 0.228

30-day mortality 0/14 (0%)a 37/182 (20.3%) 0.076

ADL: activities of daily living.
(a) One patient died of aspiration pneumonia during hospitalization on day 37.
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The lumbar spine (n = 9, 64%) was the most com-
monly infected site and half of the patients with PVO
had an epidural abscess detected by MRI (Table 2). Two
patients had other joint infections and one patient had
an infection in the sternum. Other sources of infection
(each n = 1) were infective endocarditis, liver abscess and
pneumonia, retropharyngeal abscess, and meningitis.
The diagnosis of most patients (n = 13) was based on the
presence of pneumococcal infection by blood cultures,
while the diagnosis of one patient was based on the cul-
ture of pus obtained from the iliopsoas abscess.
All patients were treated with β-lactam therapy. Two

patients (14%) underwent invasive procedures, including a
patient with infective endocarditis who was referred to an-
other acute care hospital for surgery and survived. While
20% (37/182) of patients with other IPDs died within
30 days, none of the patients with PVO died within
30 days. In the patients with PVO, one patient died of as-
piration pneumonia on day 37 after admission and three
of the survivors (23%) had morbidity at discharge.

Discussion
We evaluated 14 cases of PVO, which is currently the lar-
gest number of patients analyzed in a study of PVO.
While diabetes mellitus and heavy alcohol intake were
common among patients with PVO, there were no pa-
tients with nosocomial S. pneumoniae infections, preced-
ing invasive procedures or injuries. Fever with back pain
or neck pain was present in most patients and the lumbar
spine was the most frequently affected site of pneumococ-
cal infections. Initial treatments were administered in

most patients within a week after onset of symptoms and
only one patient died during hospitalization.
We summarized adult PVO cases previously published

in the last 30 years (n = 26) [9,16-33] in Additional file 1:
Table S1. Compared with the previous 26 cases of PVO,
the clinical outcome was favorable in our current cases.
The better prognosis might have been derived from earlier
diagnosis of PVO and an adequate period of antimicrobial
treatment in our current cases. The initiation of treatment
seemed delayed for weeks after the onset of back pain in
previous cases. However it may also be a result of other
factors, such as the serotype, and the invasiveness of S.
pneumoniae. In our current cases and the previous 26
cases, diabetes mellitus and heavy alcohol intake were
common comorbidities and most cases also had a history
of fever, back pain or neck pain. The lumbar spine was
the most frequently affected site and the characteristics
were consistent with bacterial vertebral osteomyelitis
caused by other pathogens, mainly Staphylococcus aureus
[6-8,34,35]. Meanwhile, there were some differences in
PVO from other vertebral osteomyelitis. First, most of the
pneumococcal infections occurred outside hospital in
both our study and the previous 26 cases; nosocomial ac-
quisition, preceding operative procedures, skin infections
and back injury were rarely described. In addition, preced-
ing or concurrent infections of pneumococcal meningitis
were reported in one patient (7%) in our study and in
seven patients (27%) from previous cases reports.
In most previous studies of pneumococcal bacteremia

or IPD, the incidence of PVO was not described [36-39].
In a few other studies, the incidence was described as
0.2–1.3% [40-42]. Meanwhile, Turner et al. suggested the
possible underestimation of pneumococcal spinal infec-
tions in a report of eight cases over 13 years of experience
at a single university in the United Kingdom [9]. This sug-
gestion is supported by our results. Our study indicates
that we should be vigilant for a history of neck or back
pain in cases of pneumococcal bacteremia or other
pneumococcal infections. Blood cultures should be ob-
tained for patients with fever and also neck or back pain.
The possibility of concurrent PVO should be considered
in cases of pneumococcal meningitis so that patients re-
ceive an appropriate length of antimicrobial treatment. S.
pneumoniae may be the causative pathogen in vertebral
osteomyelitis, especially among community-onset cases
with no history of invasive procedures or back injury.
There are several limitations to this study. It was retro-

spectively conducted at three teaching hospitals in two re-
gions of Japan. The serotypes of S. pneumoniae were not
evaluated and the pneumococcal vaccination status was
not recorded or described in most patients and thus our re-
sults might not be the same as those for PVO in other re-
gions. Finally, the investigations for vertebral osteomyelitis
were not performed for all patients with IPD and patients

Table 2 Infective sites and complications of
pneumococcal vertebral osteomyelitis

n = 14 (%)

Sites of involvementa

Cervical 4 29%

Thoracic 1 7%

Lumbar 9 64%

Sacral 3 21%

Complications

Epidural abscess + Iliopsoas abscess 5 36%

Epidural abscess 2 14%

Iliopsoas abscess 3 21%

Infective sites other than vertebral osteomyelitis

Arthritisb 2 14%

Othersc 4 29%
aThree patients had multifocal infection sites.
bOne patient had arthritis of the left shoulder joint and one had arthritis of the
left sacroiliac joint.
cOther sites of infection (each n = 1) included infective endocarditis, liver
abscess and pneumonia, retropharyngeal abscess, sinusitis, and meningitis.
One patient had both pneumonia and liver abscess along with
vertebral osteomyelitis.
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in critical conditions could not tolerate such an examin-
ation. Thus actual incidence and mortality of PVO might
have been higher than that reported here. Larger clinical
studies are required, especially to determine risk factors
and to formulate appropriate prevention and treatment
strategies for PVO.

Conclusions
Our study suggests that vertebral osteomyelitis may be a
relatively common infective site among adult patients
with IPD. The mortality in those with PVO could be low
with early diagnosis and appropriate management. S.
pneumoniae should be considered as the important
causative pathogen in vertebral osteomyelitis, especially
among community-onset cases without a history of inva-
sive procedures or back injury.

Additional file

Additional file 1: Table S1. Summary of previously reported adult
pneumococcal vertebral osteomyelitis cases (1986–2012).

Competing interests
The authors declare no conflicts of interest.

Authors’ contributions
HS designed the study and participated in collecting the clinical data, data
analysis and drafting of the manuscript. YT designed the study and was
involved in data analysis and drafting of the manuscript. DS, HI and HN
designed the study. They were also involved in supporting the data
collection and helping to draft the manuscript. TM designed the study and
helped draft the manuscript. All authors reviewed and approved the final
manuscript.

Acknowledgments
For their important contributions to this work, we thank Dr. Shigemi Hitomi
(Department of Infectious Diseases, Tsukuba University Hospital), Dr. Seiji
Shiotani (Department of Radiology, Tsukuba Medical Center Hospital), Mr.
Keita Yamashita (Department of Laboratory Medicine, TMCH), Ms. Mitsuyo
Takasu (Department of Clinical Microbiology, SHGH), and Ms. Etsuko Shaku
(Department of Clinical Microbiology, SMGH). The authors received no
funding for this study.

Author details
1Department of Clinical Laboratory Medicine, Tsukuba Medical Center
Hospital, 1-3-1 Amakubo, Tsukuba 305-8558, Japan. 2Graduate School of
Comprehensive Human Sciences, University of Tsukuba, 1-1-1 Tennoudai,
Tsukuba 305-8575, Japan. 3Department of Infectious Diseases and
Rheumatology, Seirei Mikatahara General Hospital, 3453 Mikatahara,
Kita-kuHamamatsu 433-8558, Japan. 4Department of Medicine, Mito Kyodo
General Hospital, University of Tsukuba, 3-2-7 Miyamachi, Mito 310-0015,
Japan. 5Department of Respiratory Medicine, Tsukuba Medical Center
Hospital, 1-3-1 Amakubo, Tsukuba 305-8558, Japan. 6Department of
Respiratory Medicine, Seirei Hamamatsu General Hospital, 2-12-12 Sumiyoshi,
Naka-ku, Hamamatsu 430-8558, Japan.

Received: 28 January 2013 Accepted: 4 November 2013
Published: 8 November 2013

References
1. Woodhead M, Blasi F, Ewig S, Garau J, Huchon G, Ieven M, Ortqvist A,

Schaberg T, Torres A, van der Heijden G, et al: Guidelines for the
management of adult lower respiratory tract infections–full version. Clin
Microbiol Infect 2011, 17(Suppl 6):E1–E59.

2. Chaudhuri A, Martinez-Martin P, Kennedy PG, Andrew Seaton R, Portegies
P, Bojar M, Steiner I: EFNS guideline on the management of
community-acquired bacterial meningitis: report of an EFNS Task
Force on acute bacterial meningitis in older children and adults. Eur J
Neurol 2008, 15(7):649–659.

3. Sokol W: Epidemiology of sinusitis in the primary care setting: results
from the 1999–2000 respiratory surveillance program. Am J Med 2001,
111(Suppl 9A):19S–24S.

4. Ruohola A, Meurman O, Nikkari S, Skottman T, Salmi A, Waris M, Osterback
R, Eerola E, Allander T, Niesters H, et al: Microbiology of acute otitis media
in children with tympanostomy tubes: prevalences of bacteria and
viruses. Clin Infect Dis 2006, 43(11):1417–1422.

5. Ross JJ, Saltzman CL, Carling P, Shapiro DS: Pneumococcal septic arthritis:
review of 190 cases. Clin Infect Dis 2003, 36(3):319–327.

6. Yoon SH, Chung SK, Kim KJ, Kim HJ, Jin YJ, Kim HB: Pyogenic vertebral
osteomyelitis: identification of microorganism and laboratory markers
used to predict clinical outcome. Eur Spine J 2010, 19(4):575–582.

7. Bhavan KP, Marschall J, Olsen MA, Fraser VJ, Wright NM, Warren DK: The
epidemiology of hematogenous vertebral osteomyelitis: a cohort study
in a tertiary care hospital. BMC Infect Dis 2010, 10:158.

8. McHenry MC, Easley KA, Locker GA: Vertebral osteomyelitis: long-term out-
come for 253 patients from 7 Cleveland-area hospitals. Clin Infect Dis
2002, 34(10):1342–1350.

9. Turner DP, Weston VC, Ispahani P: Streptococcus pneumoniae spinal
infection in Nottingham, United Kingdom: not a rare event. Clin Infect Dis
1999, 28(4):873–881.

10. Zimmerli W: Clinical practice. Vertebral osteomyelitis. N Engl J Med 2010,
362(11):1022–1029.

11. Elsawy B, Higgins KE: The geriatric assessment. Am Fam Physician 2011,
83(1):48–56.

12. Charlson ME, Pompei P, Ales KL, MacKenzie CR: A new method of
classifying prognostic comorbidity in longitudinal studies: development
and validation. J Chronic Dis 1987, 40(5):373–383.

13. Dellinger RP, Levy MM, Carlet JM, Bion J, Parker MM, Jaeschke R, Reinhart K,
Angus DC, Brun-Buisson C, Beale R, et al: Surviving sepsis campaign: inter-
national guidelines for management of severe sepsis and septic shock:
2008. Crit Care Med 2008, 36(1):296–327.

14. McCracken GH, Sande MA, Lentnek A, Whitley RJ, Scheld WM: Evaluation of
new anti-infective drugs for the treatment of acute bacterial meningitis.
Infectious diseases society of America and the food and drug adminis-
tration. Clin Infect Dis 1992, 15 Suppl 1:S182–S188.

15. Li JS, Sexton DJ, Mick N, Nettles R, Fowler VG Jr, Ryan T, Bashore T, Corey
GR: Proposed modifications to the duke criteria for the diagnosis of
infective endocarditis. Clin Infect Dis 2000, 30(4):633–638.

16. Schleiter G, Gantz NM: Vertebral osteomyelitis secondary to
Streptococcus pneumoniae: a pathophysiologic understanding. Diagn
Microbiol Infect Dis 1986, 5(1):77–80.

17. Gelfand MS, Miller JH: Pneumococcal vertebral osteomyelitis in an adult.
South Med J 1987, 80(4):534–535.

18. Gelfand MS, Cleveland KO: Penicillin-resistant pneumococcal vertebral
osteomyelitis. Clin Infect Dis 1992, 15(4):746–747.

19. Heard SR, Pickney J, Tunstall-Pedoe DS: Pneumococcal endocarditis and
disseminated infection. J Clin Pathol 1992, 45(11):1034–1035.

20. Kutas LM, Duggan JM, Kauffman CA: Pneumococcal vertebral
osteomyelitis. Clin Infect Dis 1995, 20(2):286–290.

21. Chemlal K, Trouillet JL, Carbon C, Yeni P: Vertebral osteomyelitis and
meningitis due to a penicillin-resistant pneumococcal strain. Eur J Clin
Microbiol Infect Dis 1996, 15(11):893–895.

22. Antony SJ: Multidrug-resistant Pneumococcus causing vertebral
osteomyelitis. J Natl Med Assoc 1997, 89(9):634–635.

23. Fukutake T, Kitazaki H, Hattori T: Odontoid osteomyelitis complicating
pneumococcal pneumonia. Eur Neurol 1998, 39(2):126–127.

24. Naktin J, DeSimone J: Lumbar vertebral osteomyelitis with mycotic
abdominal aortic aneurysm caused by highly penicillin-resistant
Streptococcus pneumoniae. J Clin Microbiol 1999, 37(12):4198–4200.

25. Poyanli A, Poyanli O, Akan K, Sencer S: Pneumococcal vertebral
osteomyelitis: a unique case with atypical clinical course. Spine (Phila Pa
1976) 2001, 26(21):2397–2399.

26. Christensen SR, Hansen AB, La Cour M, Fledelius HC: Bilateral endogenous
bacterial endophthalmitis: a report of four cases. Acta Ophthalmol Scand
2004, 82(3 Pt 1):306–310.

Suzuki et al. BMC Infectious Diseases 2013, 13:525 Page 5 of 6
http://www.biomedcentral.com/1471-2334/13/525



27. Englert C, Aebert H, Lenhart M, Solleder A, Nerlich M, Neumann C: Thoracic
spondylitis from a mycotic (Streptococcus pneumoniae) aortic aneurysm:
a case report. Spine (Phila Pa 1976) 2004, 29(17):E373–E375.

28. Forestier E, Sordet C, Cohen-Solal J, Remy V, Javier RM, Kuntz JL, Sibilia J:
Bone and joint infection due to Streptococcus pneumoniae in two im-
munocompetent adults. Joint Bone Spine 2006, 73(3):325–328.

29. Brouwer MC, de Gans J, Heckenberg SG, Kuiper H, van Lieshout HB, van de
Beek D: Vertebral osteomyelitis complicating pneumococcal meningitis.
Neurology 2008, 71(8):612–613.

30. Izumi K, Takuma T, Okada T, Yokota E, Nishiyama M: Case of multiple
vertebral osteomyelitis due to Streptococcus pneumoniae.
Kansenshogaku Zasshi 2008, 82(2):90–93.

31. Nakamura A, Odaka M, Hirata K: Case of diabetes mellitus associated with
cervical pyogenic spondylitis and meningoencephalitis secondary to
retropharyngeal abscess caused by Streptococcus pneumoniae. Brain
Nerve 2008, 60(5):571–574.

32. Rossi P, Granel B, Mouly P, Demoux AL, Le Mee F, Bernard F, Faugere G,
Frances Y: An atypical pneumococcal arthritis. BMJ Case Rep 2010, 2010.

33. Matsumura M, Ito K, Kawamura R, Fujii H, Inoue R, Yamada K, Yamagishi M,
Kawano M: Pneumococcal vertebral osteomyelitis and psoas abscess in a
patient with systemic lupus erythematosus disclosing positivity of
pneumococcal urinary antigen assay. Intern Med 2011, 50(20):2357–2360.

34. Jensen AG, Espersen F, Skinhoj P, Frimodt-Moller N: Bacteremic
Staphylococcus aureus spondylitis. Arch Intern Med 1998, 158(5):509–517.

35. Priest DH, Peacock JE Jr: Hematogenous vertebral osteomyelitis due to
Staphylococcus aureus in the adult: clinical features and therapeutic
outcomes. South Med J 2005, 98(9):854–862.

36. Raz R, Elhanan G, Shimoni Z, Kitzes R, Rudnicki C, Igra Y, Yinnon A:
Pneumococcal bacteremia in hospitalized Israeli adults: epidemiology
and resistance to penicillin. Israeli adult pneumococcal bacteremia
group. Clin Infect Dis 1997, 24(6):1164–1168.

37. Ho PL, Que TL, Ng TK, Chiu SS, Yung RW, Tsang KW: Clinical outcomes of
bacteremic pneumococcal infections in an area with high resistance. Eur
J Clin Microbiol Infect Dis 2006, 25(5):323–327.

38. Giner AM, Kuster SP, Zbinden R, Ruef C, Ledergerber B, Weber R: Initial
management of and outcome in patients with pneumococcal
bacteremia: a retrospective study at a Swiss university hospital, 2003–
2009. Infection 2011, 39(6):519–526.

39. Kalin M, Ortqvist A, Almela M, Aufwerber E, Dwyer R, Henriques B, Jorup C,
Julander I, Marrie TJ, Mufson MA, et al: Prospective study of prognostic
factors in community-acquired bacteremic pneumococcal disease in 5
countries. J Infect Dis 2000, 182(3):840–847.

40. Song JS, Choe PG, Song KH, Park WB, Park SW, Kim HB, Oh MD, Kim EC, Kim
NJ: Risk factors for 30-day mortality in adult patients with pneumococcal
bacteraemia, and the impact of antimicrobial resistance on clinical out-
comes. Epidemiol Infect 2012, 140(7):1467–1476.

41. Rueda AM, Serpa JA, Matloobi M, Mushtaq M, Musher DM: The spectrum of
invasive pneumococcal disease at an adult tertiary care hospital in the
early 21st century. Medicine (Baltimore) 2010, 89(5):331–336.

42. Trampuz A, Widmer AF, Fluckiger U, Haenggi M, Frei R, Zimmerli W:
Changes in the epidemiology of pneumococcal bacteremia in a Swiss
university hospital during a 15-year period, 1986–2000. Mayo Clin Proc
2004, 79(5):604–612.

doi:10.1186/1471-2334-13-525
Cite this article as: Suzuki et al.: Pneumococcal vertebral osteomyelitis at
three teaching hospitals in Japan, 2003–2011: analysis of 14 cases and a
review of the literature. BMC Infectious Diseases 2013 13:525.

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

Suzuki et al. BMC Infectious Diseases 2013, 13:525 Page 6 of 6
http://www.biomedcentral.com/1471-2334/13/525


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Data collection
	Statistical analysis
	Ethical considerations

	Results
	Clinical characteristics and outcomes

	Discussion
	Conclusions
	Additional file
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

