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ABSTRACT

Pyogenic spondylitis requires long-term antibiotics treatment and identification of the 
etiologic microorganism is essential. The first test in the microbiologic diagnosis of pyogenic 
spondylitis is a blood culture. Any microorganisms that grow in blood culture are highly 
likely to be the etiological microorganisms of pyogenic spondylitis. If the microbial etiology 
cannot be defined by the blood culture, a needle biopsy is performed on the inflamed tissues. 
Here, it is recommended that paraspinal tissues, rather than spinal tissues, are collected to 
increase the positive rate in tissue culture. If the microbial etiology cannot be defined by the 
first needle biopsy, another needle biopsy may be performed. The collected tissue sample is 
used in culture tests on bacteria and mycobacteria as well as pathological tests. If tuberculous 
spondylitis is suspected, polymerase chain reaction is carried out to detect Mycobacterium 
tuberculosis. In the case that the etiological microorganisms cannot be identified, the data of 
the patient regarding age, sex, vertebrae involved, history of spinal surgery or procedure, 
previous or concurrent urinary tract or intra-abdominal infection are analyzed. Based on this 
the most probable microbial etiology is determined to select the antibiotics to be used in the 
empiric treatment.
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INTRODUCTION

Infectious spondylitis is an infectious disease of the vertebral body, intervertebral disc, or 
paraspinal tissues. While it is specified based on the infection site, infectious spondylitis 
(vertebral osteomyelitis) or infectious spondylodiscitis, the two terms are often used without 
clear distinction. Infectious spondylitis is classified based on the microbial etiology, into 
pyogenic spondylitis, tuberculous spondylitis or fungal spondylitis. Despite the differences 
in the analyzed data, the reported incidence of pyogenic spondylitis approximates to 2.4 
individuals per 100,000 with the incidence found to be higher for males and older individuals 
[1-3]. The most common underlying disease that accompanies pyogenic spondylitis is 
diabetes, as it is found in approximately 30% of patients, followed by malignant neoplasm, 
chronic kidney disease, liver cirrhosis, cerebrovascular disease, and congestive heart failure 
[4, 5]. With the increase in the number of spinal surgeries and procedures on spinal areas, 
the incidence of infectious spondylitis has also increased [3]. For the treatment of pyogenic 
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spondylitis, a long-term antibiotics is required, and in the case of paralysis, anatomical 
instability of the vertebra, or aggravation during antibiotic treatment, a surgical treatment 
should also be performed [6]. As pyogenic spondylitis requires at least 6 weeks of antibiotics 
treatment, it is crucial that the microbial etiology is identified. If not, an empiric treatment is 
performed, and with unknown microbial etiology, long-term and broad-spectrum antibiotic 
treatment is unavoidable, and can result in unnecessary side effects and antibiotic resistance. 
This article reviews the diagnostic approaches to identify microbial etiology in patients with 
pyogenic spondylitis.

ETIOLOGIC MICROORGANISMS

The microorganisms reach the vertebra through hematogenous spread or during a spinal 
surgery, procedure, or directly from a site close to the vertebra. Microorganisms known to 
cause infectious spondylitis are diverse, with regional and periodic variation in distribution 
[3, 7]. The most common species causing infectious spondylitis in Korea are bacteria and 
Mycobacterium tuberculosis. Recently, the incidence of pyogenic spondylitis has increased, 
whereas the incidence of tuberculous spondylitis has decreased [7]. Brucella is a common 
etiologic microorganism of infectious spondylitis in the Mediterranean, Middle East, Latin 
America and West Asia, but it is rare in Korea [8, 9] with a very low incidence of spondylitis 
caused by non-tuberculous mycobacteria or fungi [10-12].

In most regions, the most common microbial species that cause infectious spondylitis are 
bacteria and M. tuberculosis. While the treatment of pyogenic spondylitis requires at least 
6-week of antibiotics, tuberculous spondylitis requires over 6-month of antituberculous 
drugs. This means differential diagnosis of the two diseases is critical. The signs, symptoms, 
blood test, and imaging results provide valuable data for the differentiation of the two 
diseases. Pyogenic spondylitis can be divided into culture-positive and culture-negative cases, 
depending on the microbial growth in blood and/or spinal tissues. Comparison of culture-
positive pyogenic spondylitis and tuberculous spondylitis shows that the disease progression 
is faster in the former. Fever, diabetes, bacteremia is more commonly accompanied in 
patients with culture-positive pyogenic spondylitis [13, 14]. Patients with culture-positive 
pyogenic spondylitis show significantly higher levels of peripheral leukocyte count, 
proportion of neutrophil, and C-reactive protein (CRP) [13-15]. The most common infection 
site of pyogenic spondylitis is the lumbar spine, whereas that of tuberculous spondylitis is the 
lumbar as well as thoracic spine. A significantly larger number of vertebral bodies are affected 
in tuberculous spondylitis [13, 14]. When culture-negative pyogenic spondylitis is compared 
with tuberculous spondylitis, the frequency of accompanied fever is higher in the latter, while 
no difference is found in the peripheral leukocyte count, proportion of neutrophil, or CRP 
[16]. The proportion of concurrent extraspinal tuberculosis is significantly higher in patients 
with tuberculous spondylitis [13, 16]. The positive rate of interferon-gamma release assay 
(IGRA) varies greatly according to region. While the rate is generally higher for tuberculous 
spondylitis, a considerably higher rate may be found in patients with pyogenic spondylitis 
in regions with moderate or high prevalence of tuberculosis. Thus, IGRA might be useful in 
excluding tuberculous spondylitis but not in the differential diagnosis between tuberculous 
spondylitis and pyogenic spondylitis [16, 17]. The differential diagnosis of pyogenic and 
tuberculous spondylitis is based on the findings described so far, but for a definite diagnosis, 
blood culture, tissue culture, and polymerase chain reaction (PCR) for M. tuberculosis should 
be performed. If the microbial etiology remains unknown even after blood culture and tissue 
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culture, the previously described findings are used to make a presumed diagnosis and the 
patient is given the respective treatment.

The microbial etiology of pyogenic spondylitis varies across different studies, but the most 
commonly reported etiologic species is Staphylococcus aureus, followed by Streptococcus. Gram-
negative bacilli account for 7 – 33% of the entire microbial etiology, with Escherichia coli as the 
most common species [18-20] (Table 1). Coagulase-negative Staphylococcus (CNS) has also 
been identified but, as it could have originated from microbial contamination in the process 
of sample collection, the culture test results should be obtained from at least two samples. 
The distribution of etiologic microorganisms varies according to the area of vertebra including 
cervical, thoracic, lumbar and sacral spines; however, S. aureus is the most common species 
across all regions [4]. Among the etiologic microorganisms of pyogenic spondylitis, the 
proportion of Gram-negative bacilli is higher for those affecting thoracic or lumbar spine than 
for those affecting cervical or sacral spine [4]. The proportion of S. aureus increases as age 
decreases, while that of Gram-negative bacilli increases as age increases [4]. The proportion 
of Gram-negative bacilli is 16.4% in males and 32.1% in females [4]. CNS is the cause of 30 
– 32% of pyogenic spondylitis in patients who received a spinal surgery or procedure. The 
proportion is significantly higher than in patients without past spinal surgery or procedure 
[21-23] (Table 1). Streptococcus or Enterococcus accounts for 5 – 20% of etiologic microorganisms 
of pyogenic spondylitis [3-5]. The cases where Gram-negative bacilli are suspected as the 
etiologic microorganisms of pyogenic spondylitis are as follows: a female patient and/or a 
patient with previous or concurrent urinary tract infection or intra-abdominal infection [18, 
19]. The cases of pyogenic spondylitis caused by Brucella are suspected if the patient works in 
livestock industry or shows normal leukocyte count or sacroiliitis [9]. The cases of tuberculous 
spondylitis are suspected when the disease progression is slow over the period of several 
months, when extraspinal tuberculosis including pulmonary tuberculosis has been detected 
[13, 16]. For infectious spondylitis caused by non-tuberculous mycobacteria, the diagnosis is 
difficult at first due to its rarity, and it may be suspected if immunocompromised patient with 
infectious spondylitis is unresponsive to the treatment based on the diagnosis of pyogenic 
spondylitis or tuberculous spondylitis [11].

BLOOD CULTURE

Blood culture is the first test in the microbiologic diagnosis of pyogenic spondylitis. The 
reported positive rate varies in the range of 40 - 60% [3, 6]. For patients suspected of pyogenic 
spondylitis, at least two pairs of blood culture tests should be performed. While the positive 
rate of blood culture is higher for patients with fever, the test is equally recommended for 
patients without fever [3, 6, 24]. There is an ongoing debate on whether tissue biopsy should 
be performed upon detecting microbial growth in the blood culture of a patient suspected of 
pyogenic spondylitis. The Infectious Diseases Society of America recommends, tissue biopsy 
is recommended for all cases other than those where the growth of S. aureus, Staphylococcus 
lugdunensis, or Brucella is detected in blood culture [25]. In a retrospective study conducted on 
141 patients with pyogenic spondylitis, whose blood and tissue culture tests showed microbial 
growth, the concordance rate of bacterial identification was 95.7% [26]. Cases of inconsistent 
results mostly showed the growth of a single microbial species in one sample, but multiple 
species, including the identified species in the other sample. The findings suggest that tissue 
biopsy is unnecessary for microbiologic diagnosis of pyogenic spondylitis if microbial growth 
is detected in the blood culture of a suspected patient. An increase in the positive rate of 
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blood culture performed immediately after tissue biopsy was reported in a previous study; 
however, no such increase was observed in the follow-up study, and thus, blood culture is not 
recommended to be performed after tissue biopsy [27, 28].

TISSUE CULTURE

Tissue culture is performed if microbial growth is not shown in the blood culture of the 
patient suspected of pyogenic spondylitis. The sample for the test can be collected through 
biopsy from the infected spinal or paraspinal tissues. After collecting the tissue samples, 
the culture tests are performed regarding aerobes, anaerobes, mycobacteria, and fungi, 
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Table 1. Microorganisms identified in patients with spontaneous or postoperative pyogenic spondylodiscitis [4, 22]
Spontaneous pyogenic spondylitis 

(n = 586)
Postoperative pyogenic spondylitis 

(n = 104)
Gram positive cocci 426 (72.7%) 82 (78.8%)

Staphylococcus aureus 255 (43.5%) 35 (33.6%)
Methicillin-susceptible 157 (26.8%) 13 (12.5%)
Methicillin-resistant 98 (16.7%) 22 (21.2%)

Coagulase-negative staphylococci 31 (5.3%) 32 (31.0%)
Methicillin-susceptible 12 (2.0%) 4 (3.8%)
Methicillin-resistant 19 (3.2%) 28 (26.9%)

Enterococcus species 22 (3.8%) 4 (3.8%)
E. faecium 4 (0.7%) 1 (1.0%)
E. faecalis 17 (2.9%) 3 (2.9%)
E. gallinarum 1 (0.2%) 0 (0%)

Streptococcus species 118 (2.0%) 11 (10.6%)
S. pneumoniae 6 (1.0%) 0 (0%)
S. agalactiae 27 (4.6%) 3 (2.9%)

Viridans streptococci 70 (11.9%) 7 (6.7%)
Other streptococci 15 (2.6%) 1 (1.0%)

Gram-negative bacilli 132 (22.5%) 15 (14.4%)
Escherichia coli 69 (11.8%) 6 (5.8%)
Klebsiella pneumoniae 22 (3.8%) 1 (1.0%)
Klebsiella oxytoca 3 (0.5%) 0 (0%)
Klebsiella aerogenes 1 (0.2%) 0 (0%)
Pseudomonas aeruginosa 10 (1.7%) 4 (3.8%)
Enterobacter cloacae 5 (0.8%) 2 (1.9%)
Enterobacter asburiae 1 (0.2%) 0 (0%)
Serratia marcescens 3 (0.5%) 2 (1.9%)
Raoultella ornithinolytica 1 (0.2%) 0 (0%)
Salmonella (non-typhoidal) 2 (0.3%) 0 (0%)
Proteus mirabilis 2 (0.3%) 0 (0%)
Proteus penneri 1 (0.2%) 0 (0%)
Citrobacter koseri 1 (0.2%) 0 (0%)
Morganella morganii 1 (0.2%) 0 (0%)
Campylobacter fetus 3 (0.5%) 0 (0%)
Haemophilus influenzae 1 (0.2%) 0 (0%)
Vibrio cholerae non O1/O139 1 (0.2%) 0 (0%)
Ralstonia mannitolilytica 1 (0.2%) 0 (0%)
Achromobacter xylosoxidans 1 (0.2%) 0 (0%)
Burkholderia cepacia 2 (0.3%) 0 (0%)
Stenotrophomonas maltophilia 1 (0.2%) 0 (0%)

Anaerobes 11 (1.9%) 1 (1.0%)
Polymicrobial 9 (1.5%) 5 (4.8%)
Othera 8 (1.4%) 1 (1.0%)
aGranulicatella adiacens, Erysipelothrix rhusiopathiae, Lactococcus gravieae (2), Listeria monocytogenes, 
Neisseria species (2), Moraxella species.



followed by the pathological tests. In a region with a high incidence of Brucella infection, 
the respective serological tests should be performed, and a request should be made to the 
lab to extend the culture period to four weeks. Although fungal spondylitis is extremely 
rare, it may occur in patients whose immunity is compromised due to the administration 
of immunosuppressants. Thus, for patients showing a causal factor, fungal tissue culture 
should be performed [25]. While it is difficult to identify the microbial etiology of pyogenic 
spondylitis through pathological tests, such tests as nucleic acid amplification test (NAAT), 
fungal staining, or acid-fast bacilli staining may be performed. Pathologic examination 
also may assist in the differential diagnosis of non-infectious diseases such as tumors. The 
method of biopsy may be using a needle (needle biopsy) or involving skin incision to collect 
tissue samples (open biopsy). The positive rate of tissue culture in open biopsy is higher 
than that in needle biopsy; however, open biopsy often necessitates general anesthesia 
with a risk of wound infection or bleeding, so that in practice, needle biopsy is frequently 
performed for the purpose of microbiologic diagnosis [29]. The reported positive rate of 
needle biopsy falls in the range of 40 – 80% [6, 30]. The areas from which tissue samples 
can be collected in needle biopsy are broadly divided into spinal and paraspinal tissues. In 
a study conducted on 136 patients with pyogenic spondylitis, the reported positive rate of 
tissue culture using biopsy samples was 39.7% (29/73) for spinal tissues and 63.5% (40/63) 
for paraspinal tissues [31]. Thus, if needle biopsy is to be performed for the microbiologic 
diagnosis of pyogenic spondylitis in patients showing concurrent paraspinal inflammation 
or abscess, it is recommended that the samples be collected from paraspinal rather than 
spinal tissues. The positive rate of tissue culture is reported to be high for cases showing 
paraspinal abscess, high CRP, or after open biopsy [30]. In the case of antibiotics treatment 
prior to biopsy, the positive rate of tissue culture decreased in some studies, while the 
rate was unaffected in others [32-35]. Nevertheless, it is more frequently reported that the 
positive rate falls if antibiotic treatment precedes biopsy. Some experts recommend that 
for a patient with pyogenic spondylitis, and with a history of antibiotics exposure but no 
evidence of sepsis or severe sepsis, a certain intervals of time should pass before performing 
the biopsy [6]. In a previous study, tissue biopsy was recommended to be performed 1 - 2 
weeks after the discontinuation of antibiotic if the patient remained stable. Nonetheless, in 
a retrospective study conducted on 58 patients with pyogenic spondylitis and with antibiotic 
exposure within the last two weeks, the positive rate of tissue biopsy did not significantly 
differ between the case with washout period over five days and the case with less than 
two days [36]. What the results indicated was that the positive rate of tissue culture may 
not increase when biopsy is performed after a certain antibiotic washout period, despite 
theoretical validity. Further studies should be conducted regarding the necessary length of 
washout period on a larger number of patients as the number of subjects in previous studies 
was small.

Once the etiological microorganisms have been identified through needle biopsy, the 
respective antibiotics may be initiated for the treatment. However, if the microbial etiology 
remains unidentified, the empiric treatment may begin or the biopsy may be repeated [30]. 
For the second biopsy, either needle or open biopsy may be performed. If the microbial 
etiology is identified by the second biopsy, the respective antibiotics may be initiated for the 
treatment. If not, open biopsy should be performed or the empiric treatment should begin. 
The positive rate of tissue culture in the second needle biopsy is reported to be similar to 
that in the first needle biopsy [28], while open biopsy is known to have a higher positive rate 
[29, 37]. The possible side effects of needle biopsy include hemorrhage and damage on the 
surrounding organs, although it is extremely rare for side effects to occur [3, 38, 39].
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NUCLEIC ACID AMPLIFICATION TEST (NAAT)

Performing NAAT together with tissue culture using the spinal tissue samples collected through 
needle or open biopsy is helpful in microbiologic diagnosis. For NAAT, the PCR test for 16S 
rDNA is often used. The diagnostic utility of NAAT is well-known for other infectious diseases, 
as it is frequently used in the diagnosis of respiratory or gastrointestinal viral infection. Despite 
the general lack of studies regarding the diagnostic values of NAAT in patients with pyogenic 
spondylitis, the available data suggests that the sensitivity of NAAT is higher than tissue culture 
and it may thus be used as a complementary test to the microbial culture tests [40-42].

EMPIRIC TREATMENT

If a patient suspected of pyogenic spondylitis is not in condition of sepsis or severe sepsis, 
it is appropriate to identify the etiological microorganisms first before initiation of empiric 
antibiotics [25]. In the case of unidentified microbial etiology despite blood or tissue biopsy, 
the empiric treatment should begin based on the most probable microbial etiology. The 
most common microbial species that cause pyogenic spondylitis is S. aureus although its 
distribution varies according to the patient's age, sex, infection site, and past spinal surgery 
or procedure [4, 22]. If the patient is female, elderly, or has previous or concurrent urinary 
tract infection or intra-abdominal infection, Gram-negative bacilli may be suspected as the 
etiologic microorganism of pyogenic spondylitis [18, 19]. Gram-negative bacilli accounts for 
a relatively higher percentage among the etiologic species in thoracic or lumbar spine than in 
cervical or sacral spine. The distribution of etiological microorganisms of pyogenic spondylitis 
after spinal surgery or procedure differs from that in patients without a history of surgery or 
procedure [22]. S. aureus and CNS are the main etiologic species causing pyogenic spondylitis in 
patients with a history of spinal surgery or procedure, with CNS showing a higher proportion 
(30%). Another notable fact is the high rate of methicillin resistance shown by S. aureus and CNS 
isolated in patients with a previous spinal surgery or procedure [20, 22, 43].

To select the most suitable empiric antibiotics for a patient with pyogenic spondylitis of 
unidentified microbial etiology, the medical history, demographic characteristics, clinical 
characteristics, and imaging results should be taken into consideration. If the patient 
has never received a spinal surgery or procedure in the past, empiric antibiotics need 
not include vancomycin, based on the low probability of methicillin-resistant S. aureus or 
methicillin-resistant CNS. The suitable selection of antibiotics in this case includes the first 
generation cephalosporins, fluoroquinolone + rifampin, fluoroquinolone + clindamycin, 
or fluoroquinolone + beta-lactam/beta-lactamase inhibitor [44]. If the patient has previous 
or concurrent urinary tract infection or intra-abdominal infection, Gram-negative bacilli 
may be suspected and the empiric antibiotics should be selected accordingly. For pyogenic 
spondylitis in patients who have received a spinal surgery or procedure in the past, the 
microbial etiology shows a high percentage of S. aureus or CNS, and based on their high rate 
of methicillin resistance, vancomycin should be included as empiric antibiotics.

CONCLUSION

For the treatment of pyogenic spondylitis, at least 6-weeks of antibiotics treatment is 
required. Thus, to prevent prolonged use of unnecessary broad-spectrum antibiotics, it 
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is essential that the etiological microorganisms are identified. For patients suspected of 
pyogenic spondylitis, blood culture is carried out, and if the microbial etiology cannot be 
determined based on the result, needle biopsy is performed so that a tissue sample can be 
collected from the infection site and used in culture tests on bacteria, mycobacteria, and 
fungi. NAAT should also be used where it is possible. If the microbial etiology is defined by 
the first needle biopsy, the appropriate antibiotics could be initiated. If not, the patient is 
treated with empiric antibiotics, or the second needle biopsy is performed. If the microbial 
etiology is thus defined, the appropriate treatment may begin for the patient; otherwise, an 
open biopsy is performed or the patient is treated with empiric antibiotics. For selecting the 
empiric antibiotics, patient's age, sex, infection site, and previous or concurrent urinary tract 
infection or intra-abdominal infection, are taken into consideration.

REFERENCES

 1. Grammatico L, Baron S, Rusch E, Lepage B, Surer N, Desenclos JC, Besnier JM. Epidemiology of 
vertebral osteomyelitis (VO) in France: analysis of hospital-discharge data 2002-2003. Epidemiol Infect 
2008;136:653-60. 
PUBMED | CROSSREF

 2. Kehrer M, Pedersen C, Jensen TG, Lassen AT. Increasing incidence of pyogenic spondylodiscitis: a 14-year 
population-based study. J Infect 2014;68:313-20. 
PUBMED | CROSSREF

 3. Gouliouris T, Aliyu SH, Brown NM. Spondylodiscitis: update on diagnosis and management. J 
Antimicrob Chemother 2010;65(Suppl 3):iii11-24. 
PUBMED | CROSSREF

 4. Kim DY, Kim UJ, Yu Y, Kim SE, Kang SJ, Jun KI, Kang CK, Song KH, Choe PG, Kim ES, Kim HB, Jang HC, 
Jung SI, Oh MD, Park KH, Kim NJ. Microbial etiology of pyogenic vertebral osteomyelitis according to 
patient characteristics. Open Forum Infect Dis 2020;7:ofaa176. 
PUBMED | CROSSREF

 5. Mylona E, Samarkos M, Kakalou E, Fanourgiakis P, Skoutelis A. Pyogenic vertebral osteomyelitis: a 
systematic review of clinical characteristics. Semin Arthritis Rheum 2009;39:10-7. 
PUBMED | CROSSREF

 6. Zimmerli W. Clinical practice. Vertebral osteomyelitis. N Engl J Med 2010;362:1022-9. 
PUBMED | CROSSREF

 7. Kim YJ, Hong JB, Kim YS, Yi J, Choi JM, Sohn S. Change of pyogenic and tuberculous spondylitis between 
2007 and 2016 year: a nationwide study. J Korean Neurosurg Soc 2020;63:784-93. 
PUBMED | CROSSREF

 8. Lee JY, Jeon Y, Ahn MY, Ann HW, Jung IY, Jung W, Kim MH, Ahn JY, Song JE, Kim YC, Oh DH, Kim EJ, 
Jeong SJ, Ku NS, Kim H, Lee K, Kim JM, Choi JY. An imported case of Brucella melitensis infection in South 
Korea. Infect Chemother 2018;50:149-52. 
PUBMED | CROSSREF

 9. Eren Gök S, Kaptanoğlu E, Celikbaş A, Ergönül O, Baykam N, Eroğlu M, Dokuzoğuz B. Vertebral 
osteomyelitis: clinical features and diagnosis. Clin Microbiol Infect 2014;20:1055-60. 
PUBMED | CROSSREF

 10. Richaud C, De Lastours V, Panhard X, Petrover D, Fantin B, Lefort A. Candida vertebral osteomyelitis 
(CVO) 28 cases from a 10-year retrospective study in France. Medicine (Baltimore) 2017;96:e7525. 
PUBMED | CROSSREF

 11. Kim CJ, Kim UJ, Kim HB, Park SW, Oh MD, Park KH, Kim NJ. Vertebral osteomyelitis caused by non-
tuberculous mycobacteria: Predisposing conditions and clinical characteristics of six cases and a review of 
63 cases in the literature. Infect Dis (Lond) 2016;48:509-16. 
PUBMED | CROSSREF

 12. Je D, Kang CI, Joung JY, Jeong H, Cho YY, Huh K, Peck KR. Vertebral osteomyelitis caused by 
Mycobacterium abscessus in an immunocompetent patient. Infect Chemother 2012;44:530-4. 
CROSSREF

 13. Kim CJ, Song KH, Jeon JH, Park WB, Park SW, Kim HB, Oh MD, Choe KW, Kim NJ. A comparative study 
of pyogenic and tuberculous spondylodiscitis. Spine (Phila Pa 1976) 2010;35:E1096-100. 
PUBMED | CROSSREF

244https://icjournal.org https://doi.org/10.3947/ic.2021.0054

Microbiologic diagnosis of pyogenic spondylitis

http://www.ncbi.nlm.nih.gov/pubmed/17568478
https://doi.org/10.1017/S0950268807008850
http://www.ncbi.nlm.nih.gov/pubmed/24296494
https://doi.org/10.1016/j.jinf.2013.11.011
http://www.ncbi.nlm.nih.gov/pubmed/20876624
https://doi.org/10.1093/jac/dkq303
http://www.ncbi.nlm.nih.gov/pubmed/32523973
https://doi.org/10.1093/ofid/ofaa176
http://www.ncbi.nlm.nih.gov/pubmed/18550153
https://doi.org/10.1016/j.semarthrit.2008.03.002
http://www.ncbi.nlm.nih.gov/pubmed/20237348
https://doi.org/10.1056/NEJMcp0910753
http://www.ncbi.nlm.nih.gov/pubmed/32623840
https://doi.org/10.3340/jkns.2020.0013
http://www.ncbi.nlm.nih.gov/pubmed/29968983
https://doi.org/10.3947/ic.2018.50.2.149
http://www.ncbi.nlm.nih.gov/pubmed/24766063
https://doi.org/10.1111/1469-0691.12653
http://www.ncbi.nlm.nih.gov/pubmed/28767571
https://doi.org/10.1097/MD.0000000000007525
http://www.ncbi.nlm.nih.gov/pubmed/27002256
https://doi.org/10.3109/23744235.2016.1158418
https://doi.org/10.3947/ic.2012.44.6.530
http://www.ncbi.nlm.nih.gov/pubmed/20838270
https://doi.org/10.1097/BRS.0b013e3181e04dd3


 14. Yoon YK, Jo YM, Kwon HH, Yoon HJ, Lee EJ, Park SY, Park SY, Choo EJ, Ryu SY, Lee MS, Yang KS, Kim SW. 
Differential diagnosis between tuberculous spondylodiscitis and pyogenic spontaneous spondylodiscitis: 
a multicenter descriptive and comparative study. Spine J 2015;15:1764-71. 
PUBMED | CROSSREF

 15. Kim YI, Kim SE, Jang HC, Jung SI, Song SK, Park KH. Analysis of the clinical characteristics and 
prognostic factors of infectious spondylitis. Infect Chemother 2011;43:48-54. 
CROSSREF

 16. Kim CJ, Kim EJ, Song KH, Choe PG, Park WB, Bang JH, Kim ES, Park SW, Kim HB, Oh MD, Kim NJ. 
Comparison of characteristics of culture-negative pyogenic spondylitis and tuberculous spondylitis: a 
retrospective study. BMC Infect Dis 2016;16:560. 
PUBMED | CROSSREF

 17. Choi S, Jung KH, Son HJ, Lee SH, Hong JM, Kim MC, Kim MJ, Chong YP, Sung H, Lee SO, Choi SH, Kim 
YS, Woo JH, Kim SH. Diagnostic usefulness of the QuantiFERON-TB gold in-tube test (QFT-GIT) for 
tuberculous vertebral osteomyelitis. Infect Dis (Lond) 2018;50:346-51. 
PUBMED | CROSSREF

 18. Park KH, Cho OH, Jung M, Suk KS, Lee JH, Park JS, Ryu KN, Kim SH, Lee SO, Choi SH, Bae IG, Kim YS, 
Woo JH, Lee MS. Clinical characteristics and outcomes of hematogenous vertebral osteomyelitis caused 
by gram-negative bacteria. J Infect 2014;69:42-50. 
PUBMED | CROSSREF

 19. Kang SJ, Jang HC, Jung SI, Choe PG, Park WB, Kim CJ, Song KH, Kim ES, Kim HB, Oh MD, Kim NJ, Park 
KH. Clinical characteristics and risk factors of pyogenic spondylitis caused by gram-negative bacteria. 
PLoS One 2015;10:e0127126. 
PUBMED | CROSSREF

 20. Dufour V, Feydy A, Rillardon L, Redondo A, Le Page L, Bert F, Belmatoug N, Fantin B. Comparative study 
of postoperative and spontaneous pyogenic spondylodiscitis. Semin Arthritis Rheum 2005;34:766-71. 
PUBMED | CROSSREF

 21. Lee YD, Jeon YH, Kim YH, Ha KY, Hur JW, Ryu KS, Kim JS, Kim YJ. Clinical characteristics and outcomes 
of patients with culture-negative pyogenic spondylitis according to empiric glycopeptide use. Infect 
Chemother 2019;51:274-83. 
PUBMED | CROSSREF

 22. Kim UJ, Bae JY, Kim SE, Kim CJ, Kang SJ, Jang HC, Jung SI, Song KH, Kim ES, Kim HB, Park WB, Kim NJ, 
Park KH. Comparison of pyogenic postoperative and native vertebral osteomyelitis. Spine J 2019;19:880-7. 
PUBMED | CROSSREF

 23. Jiménez-Mejías ME, de Dios Colmenero J, Sánchez-Lora FJ, Palomino-Nicás J, Reguera JM, García de 
la Heras J, García-Ordoñez MA, Pachón J. Postoperative spondylodiskitis: etiology, clinical findings, 
prognosis, and comparison with nonoperative pyogenic spondylodiskitis. Clin Infect Dis 1999;29:339-45. 
PUBMED | CROSSREF

 24. Sapico FL, Montgomerie JZ. Pyogenic vertebral osteomyelitis: report of nine cases and review of the 
literature. Rev Infect Dis 1979;1:754-76. 
PUBMED | CROSSREF

 25. Berbari EF, Kanj SS, Kowalski TJ, Darouiche RO, Widmer AF, Schmitt SK, Hendershot EF, Holtom PD, 
Huddleston PM 3rd, Petermann GW, Osmon DR; Infectious Diseases Society of America. 2015 Infectious 
Diseases Society of America (IDSA) clinical practice guidelines for the diagnosis and treatment of native 
vertebral osteomyelitis in adults. Clin Infect Dis 2015;61:e26-46. 
PUBMED | CROSSREF

 26. Bae JY, Kim CJ, Kim UJ, Song KH, Kim ES, Kang SJ, Oh MD, Park KH, Kim NJ. Concordance of results 
of blood and tissue cultures from patients with pyogenic spondylitis: a retrospective cohort study. Clin 
Microbiol Infect 2018;24:279-82. 
PUBMED | CROSSREF

 27. Cherasse A, Martin D, Tavernier C, Maillefert JF. Are blood cultures performed after disco-vertebral 
biopsy useful in patients with pyogenic infective spondylitis? Rheumatology (Oxford) 2003;42:913. 
PUBMED | CROSSREF

 28. Gras G, Buzele R, Parienti JJ, Debiais F, Dinh A, Dupon M, Roblot F, Mulleman D, Marcelli C, Michon J, 
Bernard L. Microbiological diagnosis of vertebral osteomyelitis: relevance of second percutaneous biopsy 
following initial negative biopsy and limited yield of post-biopsy blood cultures. Eur J Clin Microbiol 
Infect Dis 2014;33:371-5. 
PUBMED | CROSSREF

 29. Nolla JM, Ariza J, Gómez-Vaquero C, Fiter J, Bermejo J, Valverde J, Escofet DR, Gudiol F. Spontaneous 
pyogenic vertebral osteomyelitis in nondrug users. Semin Arthritis Rheum 2002;31:271-8. 
PUBMED | CROSSREF

245https://icjournal.org https://doi.org/10.3947/ic.2021.0054

Microbiologic diagnosis of pyogenic spondylitis

http://www.ncbi.nlm.nih.gov/pubmed/25862505
https://doi.org/10.1016/j.spinee.2015.04.006
https://doi.org/10.3947/ic.2011.43.1.48
http://www.ncbi.nlm.nih.gov/pubmed/27733126
https://doi.org/10.1186/s12879-016-1897-0
http://www.ncbi.nlm.nih.gov/pubmed/29189087
https://doi.org/10.1080/23744235.2017.1410282
http://www.ncbi.nlm.nih.gov/pubmed/24561018
https://doi.org/10.1016/j.jinf.2014.02.009
http://www.ncbi.nlm.nih.gov/pubmed/25978839
https://doi.org/10.1371/journal.pone.0127126
http://www.ncbi.nlm.nih.gov/pubmed/15846593
https://doi.org/10.1016/j.semarthrit.2004.08.004
http://www.ncbi.nlm.nih.gov/pubmed/31583861
https://doi.org/10.3947/ic.2019.51.3.274
http://www.ncbi.nlm.nih.gov/pubmed/30500465
https://doi.org/10.1016/j.spinee.2018.11.012
http://www.ncbi.nlm.nih.gov/pubmed/10476739
https://doi.org/10.1086/520212
http://www.ncbi.nlm.nih.gov/pubmed/542761
https://doi.org/10.1093/clinids/1.5.754
http://www.ncbi.nlm.nih.gov/pubmed/26229122
https://doi.org/10.1093/cid/civ482
http://www.ncbi.nlm.nih.gov/pubmed/28698035
https://doi.org/10.1016/j.cmi.2017.07.005
http://www.ncbi.nlm.nih.gov/pubmed/12826717
https://doi.org/10.1093/rheumatology/keg224
http://www.ncbi.nlm.nih.gov/pubmed/24057139
https://doi.org/10.1007/s10096-013-1965-y
http://www.ncbi.nlm.nih.gov/pubmed/11836660
https://doi.org/10.1053/sarh.2002.29492


 30. Saeed K, Esposito S, Ascione T, Bassetti M, Bonnet E, Carnelutti A, Chan M, Lye DC, Cortes N, Dryden 
M, Fernando S, Gottlieb T, Gould I, Hijazi K, Madonia S, Pagliano P, Pottinger PS, Segreti J, Spera AM; 
International Society of Antimicrobial Chemotherapy (ISAC) Bone and Skin & Soft Tissue Infections 
Working Group. Hot topics on vertebral osteomyelitis from the International Society of Antimicrobial 
Chemotherapy. Int J Antimicrob Agents 2019;54:125-33. 
PUBMED | CROSSREF

 31. Kim CJ, Kang SJ, Choe PG, Park WB, Jang HC, Jung SI, Song KH, Kim ES, Kim HB, Oh MD, Park KH, Kim 
NJ. Which tissues are best for microbiological diagnosis in patients with pyogenic vertebral osteomyelitis 
undergoing needle biopsy? Clin Microbiol Infect 2015;21:931-5. 
PUBMED | CROSSREF

 32. de Lucas EM, González Mandly A, Gutiérrez A, Pellón R, Martín-Cuesta L, Izquierdo J, Sánchez E, Ruiz 
E, Quintana F. CT-guided fine-needle aspiration in vertebral osteomyelitis: true usefulness of a common 
practice. Clin Rheumatol 2009;28:315-20. 
PUBMED | CROSSREF

 33. Marschall J, Bhavan KP, Olsen MA, Fraser VJ, Wright NM, Warren DK. The impact of prebiopsy antibiotics 
on pathogen recovery in hematogenous vertebral osteomyelitis. Clin Infect Dis 2011;52:867-72. 
PUBMED | CROSSREF

 34. Saravolatz LD 2nd, Labalo V, Fishbain J, Szpunar S, Johnson LB. Lack of effect of antibiotics on biopsy 
culture results in vertebral osteomyelitis. Diagn Microbiol Infect Dis 2018;91:273-4. 
PUBMED | CROSSREF

 35. Kim CJ, Song KH, Park WB, Kim ES, Park SW, Kim HB, Oh MD, Kim NJ. Microbiologically and clinically 
diagnosed vertebral osteomyelitis: impact of prior antibiotic exposure. Antimicrob Agents Chemother 
2012;56:2122-4. 
PUBMED | CROSSREF

 36. Kim CJ, Kang SJ, Yoon D, Lee MJ, Kim M, Song KH, Jang HC, Jung SI, Kim ES, Kim HB, Oh MD, Park 
KH, Kim NJ. Factors influencing culture positivity in pyogenic vertebral osteomyelitis patients with prior 
antibiotic exposure. Antimicrob Agents Chemother 2015;59:2470-3. 
PUBMED | CROSSREF

 37. Yang SC, Fu TS, Chen LH, Niu CC, Lai PL, Chen WJ. Percutaneous endoscopic discectomy and drainage 
for infectious spondylitis. Int Orthop 2007;31:367-73. 
PUBMED | CROSSREF

 38. Olscamp A, Rollins J, Tao SS, Ebraheim NA. Complications of CT-guided biopsy of the spine and sacrum. 
Orthopedics 1997;20:1149-52. 
PUBMED | CROSSREF

 39. Enoch DA, Cargill JS, Laing R, Herbert S, Corrah TW, Brown NM. Value of CT-guided biopsy in the 
diagnosis of septic discitis. J Clin Pathol 2008;61:750-3. 
PUBMED | CROSSREF

 40. Fuursted K, Arpi M, Lindblad BE, Pedersen LN. Broad-range PCR as a supplement to culture for 
detection of bacterial pathogens in patients with a clinically diagnosed spinal infection. Scand J Infect Dis 
2008;40:772-7. 
PUBMED | CROSSREF

 41. Fihman V, Hannouche D, Bousson V, Bardin T, Lioté F, Raskine L, Riahi J, Sanson-Le Pors MJ, Berçot 
B. Improved diagnosis specificity in bone and joint infections using molecular techniques. J Infect 
2007;55:510-7. 
PUBMED | CROSSREF

 42. Choi SH, Sung H, Kim SH, Lee SO, Lee SH, Kim YS, Woo JH, Kim MN. Usefulness of a direct 16S rRNA 
gene PCR assay of percutaneous biopsies or aspirates for etiological diagnosis of vertebral osteomyelitis. 
Diagn Microbiol Infect Dis 2014;78:75-8. 
PUBMED | CROSSREF

 43. McDermott H, Bolger C, Humphreys H. Postprocedural discitis of the vertebral spine: challenges in 
diagnosis, treatment and prevention. J Hosp Infect 2012;82:152-7. 
PUBMED | CROSSREF

 44. Park KH, Kim DY, Lee YM, Lee MS, Kang KC, Lee JH, Park SY, Moon C, Chong YP, Kim SH, Lee SO, Choi 
SH, Kim YS, Woo JH, Ryu BH, Bae IG, Cho OH. Selection of an appropriate empiric antibiotic regimen in 
hematogenous vertebral osteomyelitis. PLoS One 2019;14:e0211888. 
PUBMED | CROSSREF

246https://icjournal.org https://doi.org/10.3947/ic.2021.0054

Microbiologic diagnosis of pyogenic spondylitis

http://www.ncbi.nlm.nih.gov/pubmed/31202920
https://doi.org/10.1016/j.ijantimicag.2019.06.013
http://www.ncbi.nlm.nih.gov/pubmed/26119720
https://doi.org/10.1016/j.cmi.2015.06.021
http://www.ncbi.nlm.nih.gov/pubmed/19043772
https://doi.org/10.1007/s10067-008-1051-5
http://www.ncbi.nlm.nih.gov/pubmed/21427393
https://doi.org/10.1093/cid/cir062
http://www.ncbi.nlm.nih.gov/pubmed/29573841
https://doi.org/10.1016/j.diagmicrobio.2018.02.017
http://www.ncbi.nlm.nih.gov/pubmed/22232286
https://doi.org/10.1128/AAC.05953-11
http://www.ncbi.nlm.nih.gov/pubmed/25666156
https://doi.org/10.1128/AAC.04949-14
http://www.ncbi.nlm.nih.gov/pubmed/16953414
https://doi.org/10.1007/s00264-006-0188-6
http://www.ncbi.nlm.nih.gov/pubmed/9415910
https://doi.org/10.3928/0147-7447-19971201-09
http://www.ncbi.nlm.nih.gov/pubmed/18326019
https://doi.org/10.1136/jcp.2007.054296
http://www.ncbi.nlm.nih.gov/pubmed/18609207
https://doi.org/10.1080/00365540802119994
http://www.ncbi.nlm.nih.gov/pubmed/18029022
https://doi.org/10.1016/j.jinf.2007.09.001
http://www.ncbi.nlm.nih.gov/pubmed/24231384
https://doi.org/10.1016/j.diagmicrobio.2013.10.007
http://www.ncbi.nlm.nih.gov/pubmed/22926135
https://doi.org/10.1016/j.jhin.2012.07.009
http://www.ncbi.nlm.nih.gov/pubmed/30735536
https://doi.org/10.1371/journal.pone.0211888

	Microbiologic Diagnosis of Pyogenic Spondylitis
	Introduction
	Etiologic microorganisms
	Blood culture
	Tissue culture
	Nucleic acid amplification test (NAAT)
	Empiric treatment
	Conclusion
	REFERENCES


