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Background. It is difficult to select an appropriate empirical antibiotic treatment regimen for patients with culture-negative py-
ogenic vertebral osteomyelitis (PVO). Having knowledge of the distribution of microorganisms according to patient characteristics 
can help clinicians make informed choices regarding empirical antibiotics. The aim of this study was to determine the microbial 
distribution among individuals with PVO according to their demographic and clinical characteristics.

Methods. We reviewed the medical records of patients admitted to our hospital with culture-confirmed PVO between January 
2005 and December 2017 and collected data on demographics, underlying diseases, and radiographic and microbiological results. 
Statistical analysis was performed to identify associations between specific bacteria and specific patient characteristics.

Results. A total of 586 patients were included in the study. The prevalence of Staphylococcus aureus infections was higher in 
young patients than in old patients, while gram-negative bacterial infections and Enterococcus were more prevalent in older patients. 
Gram-negative bacterial infections were more common in women than in men (32.1% vs 16.4%; P < .05), in patients with cirrhosis 
than in those without (32.7% vs 21.1%; P < .05), and in patients with a solid tumor than in those without (31.0% vs 20.7%; P < .05). 
Methicillin-resistant S. aureus infections were more prevalent in patients with chronic renal disease than in those without (34.4% vs 
14.7%; P < .05).

Conclusions. The microbial etiology of PVO varies according to patient characteristics. Patient characteristics should thus be 
considered when choosing empirical antibiotics in patients with culture-negative PVO.

Keywords.  spondylitis; vertebral osteomyelitis; gram-negative bacteria; Staphylococcus aureus; chronic renal insufficiency.

Pyogenic vertebral osteomyelitis (PVO) affects the vertebrae 
and the paravertebral structures. Because long-term antibiotic 
treatment is essential, it is important to identify the causative 
microorganism. As part of disease management, tissue and/or 
blood cultures are obtained from patients with PVO to identify 
the pathogen [1]. Culture positivity rates of tissue and/or blood 
samples generally range between 30% and 80%, and over 20% 
of patients are generally regarded as having culture-negative 
PVO [2, 3]. It is difficult to select the most appropriate empir-
ical antibiotic treatment regimen without knowing the causa-
tive microorganism. Having a knowledge of the distribution of 
microorganisms according to patient characteristics such as age 

and sex, the spinal level of the lesion, and other underlying dis-
ease, can help clinicians make informed choices regarding em-
pirical antibiotics for patients with culture-negative PVO. The 
causative bacterial agents of PVO have been reported several 
times [3–8], but their distribution according to basic patient 
characteristics has not previously been described in detail. The 
aim of this study was to determine the distribution of etiologic 
agents of PVO according to patient demographic and clinical 
characteristics.

METHODS

We conducted a retrospective study at 3 university-affiliated 
teaching hospitals in Korea from January 2005 to December 
2017. All 3 hospitals were tertiary referral centers with 
900–1,700 beds.

Patients with culture-confirmed PVO were included in the 
study. The criteria for a diagnosis of culture-confirmed PVO 
were compatible clinical signs or symptoms, radiologic evidence 
of vertebral infection, and isolation of the causative microor-
ganism from spinal/paraspinal tissues and/or blood. Compatible 
signs or symptoms were defined as pain, fever, or neurologic 
manifestations. Characteristic radiographic changes included 
decreased signal intensity in the vertebral body and disk, loss 
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of endplate on T1-weighted images, and increased signal inten-
sity of the disk and vertebral body on T2-weighted images [9]. 
When common skin contaminants such as coagulase-negative 
Staphylococci were identified on culture, they were considered 
to be pathogenic only if the same microorganism grew in 2 or 
more culture bottles. We excluded patients who had remnant 
prosthesis at the time of diagnosis of PVO or who had under-
gone spinal surgery in the year preceding the diagnosis of PVO. 
Patients aged <18 years and those with vertebral osteomyelitis 
caused by Mycobacterium tuberculosis, Brucella, or fungi were 
also excluded.

We collected information about patient demographics, 
underlying diseases, and radiographic and microbiological 
data. We also collected information about epidural block or 
vertebroplasty that had been performed less than 6 months be-
fore the diagnosis of PVO. Patients with cirrhosis were defined 
as either those diagnosed by a radiological method and a gastro-
enterologist or those with definite evidence of portal hyperten-
sion without any other known cause [10]. Patients were defined 
as diabetic if they had a fasting glucose level of ≥126 mg/dL, a 
nonfasting glucose level of ≥200 mg/dL, a glycated hemoglobin 
(HbA1c) of ≥6.5%, or were using glucose-lowering drugs. 
Patients were defined as having chronic renal disease they had 
an estimated glomerular filtration rate of <60 mL/min/1.73 m2 
that had been present for ≥3 months.

Chi-square tests were used to compare categorical variables 
in order to identify associations between specific bacteria and 
specific patient characteristics. If the expected frequency of a 
given outcome was ≤5, the Fisher exact test was used instead. 
Trends in ordinal data were evaluated using the linear-by-linear 
association test. Bonferroni correction was used to adjust for 
multiple comparisons. All P values were 2-tailed, and P values 
<.05 were considered statistically significant. Statistical analysis 
was performed using SPSS, version 20.0 (IBM Corp, Armonk, 
NY, USA). The institutional review boards of the 3 participating 
hospitals approved the study. A waiver of consent was granted, 
given the retrospective nature of the study.

RESULTS

A total of 586 patients with culture-proven PVO were included. 
The demographic and clinical characteristics of these patients 
are shown in Table 1. Their median age was 65.1 years, and 371 
patients (63.3%) were males. The most common comorbidities 
were diabetes mellitus (n = 180, 30.7%), followed by solid tu-
mors (n = 84, 14.3%), chronic renal disease (n = 61, 10.4%), 
and cirrhosis (n = 55, 9.4%). The most commonly affected 
region was the lumbar spine (n = 387, 66.0%), followed by the 
thoracic spine (n = 115, 19.6%). The most common patho-
gens were Staphylococcus aureus (n = 255, 43.5%) regardless 
of patient characteristics, followed by gram-negative bacteria 
(n = 130, 22.2%) and Streptococcus species (n = 118, 20.1%). 
Echocardiography for the evaluation of concomitant infective 

endocarditis had been conducted in 64.0% (375/586) of patients, 
and 42 (11.2%) out of 375 patients had infective endocarditis.

Distribution of Bacteria According to Age

The distribution of bacteria according to age is summarized in 
Table 2 and Figure 1A. S. aureus was more common in patients 
aged <60 years (53.7%, vs 43.4% in patients aged 60–75 years 
and 32.5% in patients aged >75  years; linear-by-linear associ-
ation, P < .05). Gram-negative bacteria were more common 
in patients aged 60 years or older (30.9%, vs 14.7% in patients 
aged <60 years and 22.0% in patients aged 60–75 years; linear-
by-linear association, P < .05), as were Enterococcus species 
(6.5%, vs 0.7% in patients <60 years and 4.0% in patients aged 
60–75 years; linear-by-linear association, P < .05).

Distribution of Bacteria According to Sex

The distribution of bacteria according to sex is summarized 
in Table  2 and Figure  1B. The prevalence of gram-negative 
bacterial infection was higher in women than in men (32.1% 
vs 16.4%; P < .05). In contrast, S.  aureus infection was more 
common in men than in women (47.7% vs 36.3%; P < .05).

Distribution of Bacteria According to Spinal Level

As shown in Table 2 and Figure 1C, S. aureus infection was less 
prevalent in the lumbar spine than in the cervical, thoracic, 
and sacral spine (38.0%, 57.5%, 54.8%, and 50.0%, respec-
tively; P < .05). The prevalence of S.  aureus was still signif-
icantly lower in the lumbar spine than in the thoracic spine 
after Bonferroni correction (38.0% vs 54.8%, respectively; 
P < .008). Streptococcus species were more common in PVO of 
the lumbar (23.0%) or sacral spine (22.7%) than in the cervical 
spine (12.5%) or thoracic spine (12.2%; P < .05). However, after 
Bonferroni correction, there was no significant difference in the 
occurrence of streptococcal infections according to spinal level.

Distribution of Bacteria According to Comorbid Conditions

The distribution of bacteria according to the presence of 
comorbidities is shown in Table  3. The distribution was sim-
ilar between diabetic and nondiabetic patients. Patients with 
cirrhosis had a higher occurrence of gram-negative bacteria 
than those without (32.7% vs 21.1%; P < .05), and the propor-
tion of patients with gram-negative infections increased as liver 
function deteriorated (3/11, 27.3%, in patients with Child-Pugh 
class A; 10/33, 30.3%, in patients with Child-Pugh class B; and 
5/11, 45.5%, in patients with Child-Pugh class C). Methicillin-
resistant S. aureus (MRSA) infection was more common in pa-
tients with chronic renal disease than in those without (34.4% 
vs 14.7%; P < .05). Patients with a solid tumor had a higher oc-
currence of PVO caused by gram-negative bacteria than those 
without a solid tumor (31.0% vs 20.7%; P < .05). There were 
no significant differences in the distribution of bacteria in the 
other comorbidities.
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Distribution of Bacteria According to Previous Epidural Block or 
Vertebroplasty

The distribution of bacteria according to previous epidural 
block or vertebroplasty is shown in Table  4. The distribution 
was similar in patients receiving previous spinal procedures 
or in patients who did not, except for methicillin-resistant 
coagulase-negative staphylococcus, which was more prevalent 
in patients who had received spinal procedures.

DISCUSSION

We investigated the distribution of 586 bacterial pathogens in 
patients with PVO over a 13-year period. Gram-negative in-
fections were more common in older patients, women, and 
patients with cirrhosis or a solid tumor. Conversely, S. aureus 
infection was common in younger patients and men. MRSA 
was more common in patients with chronic renal disease. The 
selection of an empiric antimicrobial therapy for PVO should 
be based on the microorganism that is most likely to cause it. 
When choosing empirical antibiotics, we recommend including 
an effective agent against S. aureus regardless of demographic or 
clinical characteristics.

Compared with younger patients, older patients had a rel-
atively low occurrence of S.  aureus infections and a relatively 
high occurrence of gram-negative bacterial infections and en-
terococcal infections. These findings are consistent with pre-
vious studies [11–13]. The different distribution of pathogens 
according to age could be explained by the differences in the 
presumed sources of infection, with elderly patients having a 
higher percentage of intra-abdominal, urinary, and biliary tract 
infections and a lower percentage of skin and soft tissue infec-
tions than younger patients [11]. Unlike the current study, the 
predominance of gram-negative bacteria was not observed in a 
previous retrospective review, which is the largest study of PVO 
in elderly patients to date [14]. In that study, the proportion of 
patients with Enterobacteriaceae was 3.5% in those ≥75  years 
old and 3.8% in those <75 years old.

Gram-negative bacteria were more common in women. This 
result was consistent with the previous studies [4, 15, 16] and 
may be explained by a higher prevalence of urinary tract infec-
tions in women [4, 15].

There are only a few reports that have investigated the char-
acteristics of PVO involving specific spine levels [17, 18]. It has 
been proposed that in patients with genitourinary infections, 
microorganisms can spread to the lumbar and sacral spine 
through vertebral valveless venous plexuses that anastomose 
with the pelvic venous plexus [19]. In recent years, some au-
thors have suggested that the venous route in the pathogenesis 
of vertebral osteomyelitis is unproven and an arterial route of 
spread to the vertebrae appears more plausible, even in the cases 
with a genitourinary source of infection [20]. The radiologic 
finding in vertebral osteomyelitis displayed the characteristic 
anterior metaphyseal vertebral lesions, which are rich in arte-
rial but not in venous supply. In this study, the proportion of 
gram-negative bacteria in patients with lumbar or sacral PVO 
did not differ from that of patients with cervical or thoracic 
PVO. Our results support the results of a previous study that 
found that vertebral venous plexuses do not have a role in the 
spread of infection to vertebrae [20]. In this study, the propor-
tion of S. aureus in the lumbar spine was significantly low. The 
proportion of streptococcus in the lumbar spine was relatively 
high and contributed to a low proportion of S. aureus. We could 

Table 1. Demographic and Clinical Characteristics of 586 Patients With 
Pyogenic Vertebral Osteomyelitis

Patient Characteristic Patients

Age, mean ± SD, y 65.1 ± 12.5

Male 371 (63.3)

Comorbidity

 Diabetes mellitus 180 (30.7)

 Solid tumora 84 (14.3)

 Chronic renal disease 61 (10.4)

 Cirrhosis 55 (9.4)

 Cerebrovascular disease 39 (6.6)

 Congestive heart failure 29 (4.9)

 Immunosuppressantb 28 (4.8)

 Hematologic malignancy 14 (2.4)

 Blunt trauma 14 (2.4)

Spinal location

 Cervical spine 40 (6.8)

 Thoracic spine 115 (19.6)

 Lumbar spine 387 (66.0)

 Sacrum 44 (7.5)

Predisposing condition

 Epidural block 111 (18.9)

 Vertebroplasty 19 (3.2)

No. of vertebrae involved

 ≤2 471 (80.4)

 ≥3 115 (19.6)

Concomitant infective endocarditis 42 (7.2)

Etiology

 Staphylococcus aureus 255 (43.5)

  MSSA 157 (26.8)

  MRSA 98 (16.7)

 MSCNS 12 (2.0)

 MRCNS 19 (3.2)

 Enterococcus species 22 (3.8)

 Streptococcus species 118 (20.1)

 Gram-negative bacilli 130 (22.2)

 Anaerobes 11 (1.9)

 Polymicrobial 9 (1.5)

 Otherc 10 (1.7)

Data are presented as No. (%) of patients unless otherwise indicated.

Abbreviations: MRCNS, methicillin-resistant coagulase-negative Staphylococcus; MRSA, 
methicillin-resistant Staphylococcus aureus; MSCNS, methicillin-sensitive coagulase-
negative Staphylococcus; MSSA, methicillin-sensitive Staphylococcus aureus.
aActive localized or metastatic solid tumor.
bCorticosteroids (>10  mg of prednisolone daily within 4 weeks), cytoreductive agents, 
immunophilin binding agents, mycophenolate, anti–tumor necrosis factor agents, or other 
monoclonal antibodies.
cThe other bacteria (count) were Ralstonia mannitolilytica (1), Listeria monocytogenes 
(1), Stenotrophomonas maltophilia (1), Burkholderia cepacia (1), Neisseria species (2), 
Granulicatella adiacens (1), Lactococcus gravieae (2), and Erysipelothrix rhusiopathiae (1).
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not explain the reason why Streptococcus involved in the lumbar 
spine is more common. Of all streptococci involving the lumbar 
spine, viridians streptococcus was the most common, followed 
by S. agalactiae.

Diabetes mellitus was the most common underlying dis-
ease. In other studies, about 15%–40% of patients with PVO 
had diabetes [3, 4, 6, 8, 21, 22]. Although there has been a re-
port that PVO due to gram-negative bacteria is associated with 
diabetes [16], we did not find any differences in the pattern 
of organisms in diabetic patients compared with nondiabetic 
patients [16]. In this study, the proportion of gram-negative 
bacteria was higher in cirrhotic patients. One previous study 

has investigated bacterial causes of PVO in patients with cir-
rhosis [23]. The most common microorganism was S. aureus, 
and 21% of the infections were caused by Enterobacteriaceae. 
Considering that the main route of bacteremia in cirrhotic pa-
tients is endogenous seeding from the gastrointestinal tract, 
it is not surprising that gram-negative enteric bacteria might 
be more common in cirrhotic patients with PVO [24]. MRSA 
was more common in patients with chronic renal disease re-
gardless of being on dialysis treatment (data according to he-
modialysis not shown). Hemodialysis is a well-known risk 
factor for MRSA colonization or infection [25, 26]. However, 
the risk of MRSA colonization or infection in patients with 
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Figure 1. Microbial etiology of pyogenic vertebral osteomyelitis according to age (A), sex (B), and spinal level (C).
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chronic kidney disease who were not treated with dialysis was 
not evaluated. We hypothesize that the risk of MRSA coloni-
zation or infection might also be high in these patients, and 
further studies are required. Our findings that the proportion 
of gram-negative bacteria was higher in patients with a solid 
tumor corresponded with data suggesting that the frequency 
of bacteremia caused by gram-negative bacteria increases in 
cancer patients [27–29].

Several studies have revealed that a substantial proportion 
of patients with vertebral osteomyelitis had concomitant 
infective endocarditis [30, 31]. In this study, echocardiog-
raphy for the evaluation of concomitant infective endocar-
ditis had been conducted in 64.0% (375/586) of patients. We 
suggest that the evaluation of concomitant infective endo-
carditis should be considered in all patients with vertebral 
osteomyelitis.

The present study has a few limitations. First, this study retro-
spectively reviewed medical records and may have inadvertently 
missed certain variables. Second, we classified patients with 
PVO by combining 2 vertebral levels, that is, cervical and tho-
racic, thoracic and lumbar, and lumbar and sacral, into 1 verte-
bral level that involved more. Nonetheless, similar results were 
obtained when we categorized vertebral levels more accurately 
(data not shown). Third, we excluded patients who had remnant 
prosthesis or had undergone spine operation within 1 year of 
the diagnosis of PVO, so our results cannot be applied to such 
patients. Finally, we could not analyze the association between 
previous asymptomatic bacteriuria and pathogens causing ver-
tebral osteomyelitis because data regarding asymptomatic bac-
teriuria were not collected. Further studies are needed to clarify 
this correlation.Ta
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Table 4. Causative Pathogens of Pyogenic Vertebral Osteomyelitis in 
Patients With or Without Spinal Procedures

Organism

Patients With  
Previous Spinal  

Procedures  
(n = 128)

Patients Without  
Previous Spinal  

Procedures  
(n = 458) P Value

S. aureus 48 (37.5) 207 (45.2) .120

 MSSA 33 (25.8) 124 (27.1) .770

 MRSA 15 (11.7) 83 (18.1) .086

MSCNS 3 (2.3) 9 (2.0) .730

MRCNS 11 (8.6) 8 (1.7) .001

Enterococcus 
spp.

6 (4.7) 16 (3.5) .598

Streptococcus 
spp.

28 (21.9) 90 (19.7) .579

G(-) bacilli 23 (18.0) 107 (23.4) .194

Anaerobes 3 (2.3) 8 (1.7) .712

Polymicrobial 1 (0.8) 8 (1.7) .692

Other 5 (3.9) 5 (1.1) .045

Data are presented as No. (%) of patients unless otherwise indicated.

Abbreviations: MRCNS, methicillin-resistant coagulase-negative Staphylococcus; MRSA, 
methicillin-resistant Staphylococcus aureus; MSCNS, methicillin-sensitive coagulase-
negative Staphylococcus; MSSA, methicillin-sensitive Staphylococcus aureus.
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In patients with PVO, the distribution of bacteria differed ac-
cording to the patients’ demographic and clinical characteristics. 
Our results indicate that an understanding of the distribution of 
bacteria in patients with PVO could be immensely helpful in 
informing the choice of empirical antibiotics in patients with 
culture-negative PVO. However, accurate microbiologic di-
agnosis is essential both for the optimization of antimicrobial 
therapy and to avoid unnecessary drug toxicity. Therefore, it 
cannot be overemphasized that a precise etiological diagnosis 
should be pursued in all cases, and empirical treatment should 
only be applied in selected cases.
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