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Objective: This study aimed to investigate the effects of manual homogenization on the sensitivity of microbiological culture for 
patients with pyogenic spondylitis.
Methods: From October 2018 to March 2021, patients undergoing fluoroscopy-guided biopsy or open debridement due to pyogenic 
spondylitis were recruited. Their demographic data and baseline characteristics were recorded. Tissue samples were obtained through 
fluoroscopy-guided biopsy or open debridement. Tissue samples were divided into three parts: manual homogenization (MH), manual 
mixture (MM), and pathological examination. Sterile normal saline was set as the negative control to exclude false-positive culture 
results. The Chi-square test was used to detect the difference of microbiological culture results.
Results: Twenty-four consecutive patients (33 tissue cultures) with pyogenic spondylitis treated in our department between 
October 2018 and March 2021 were recruited in this study. The average age was 61.7±3.2 years old and 10 patients were female. 
The MH group had a significantly higher positive rate compared with the MM group in aerobic conditions: 78.8% (26 isolates) vs 
54.5% (18 isolates), P=0.037 and anaerobic condition: 63.6% (21 isolates) vs 39.4% (13 isolates), P=0.049. The results of subgroup 
analyses showed that MH could improve the culture sensitivity for patients with previous antibiotics use and without paravertebral 
abscesses but not reach a significant level on statistics.
Conclusion: Based on the present study, manual homogenization could improve the sensitivity of microbiological cultures for 
patients with pyogenic spondylitis.
Keywords: tissue culture, pyogenic spondylitis, manual homogenization, blood culture bottle

Introduction
Pyogenic spondylitis (PS) is a nonspecific infectious disease of vertebrae and intervertebral discs caused by various 
microorganisms.1 The incidence and medical burden of PS had been increasing in the past 20 years.2 PS has a high 
incidence of morbidity and mortality; 29% of patients develop neurological symptoms with disease progression.3 For 
selected cases with progressive neurologic deficits, deformity, and spinal instability, surgical treatment with internal fixation 
is also needed.4 Pathogen identification and appropriate antibiotic use are crucial in the early stage of the PS. However, just 
like patients with periprosthetic joint infection (PJI), the sensitivity of microbiological culture was low. Previous literature 
reported that the sensitivity of microbiological culture for patients with PS was lower than 50%.5–7 Suspension of antibiotic 
pre-culture and soft tissue culture were proven to improve microbiological culture results.9,10 However, difficulty in 
obtaining the soft tissue and the risk of disease progression limited the implementation of these methods.

The sensitivity of microbiological culture depended on two factors: the number of pathogens released from diseased 
tissues into the culture medium and the viability of the pathogens.11 The formation of biofilm is an important factor causing 
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a false negative culture of infection related to spinal implantation. Biofilms could limit bacterial release from diseased tissues. 
Several methods, such as tissue homogenization, DL-dithiothreitol and sonication, which could increase the quantity and 
viability pathogens released from diseased tissue, had been applied to overcome the biofilm infection among PJI and spinal 
implant-related infection.12–16 None of these effective methods have been reported to improve the sensitivity of microbiolo
gical culture of patients of PS. Among these methods, manual homogenization is simple and easy to operate.

Biofilms could exist in the surface of soft tissue, cartilage, bone and the medullary cavity, which was detected in more 
than 60% of chronic osteomyelitis patients.17,18 The low culture sensitivity of patients with PS might be related to biofilms. 
In addition, the structure of bone tissue is complex and the release of bacteria would be limited in untreated bone tissue.

Manual homogenization is a simple method to increase the number of pathogens released from diseased tissues. This 
retrospective self-control cohort study aimed to investigate the effects of manual homogenization on the sensitivity of 
microbiological culture for patients with PS.

Materials and Methods
Study Design, Inclusion, and Exclusion Criteria
This study was a single-centered cohort study. Consecutive patients >18 years of age who underwent fluoroscopy-guided 
biopsy or open debridement were recruited from October 2018 to March 2021. We excluded patients with the following 
situations”: 1) Patients with specific pathogen infections such as tuberculosis or Brucella infection; and 2) Negative 
control (sterile normal saline) indicates that the tissue samples were suspected of contamination. PS was confirmed by 
pathological examination results that showed acute and chronic inflammatory cell infiltration and no cases of necrosis 
and granuloma formation.

This was a retrospective study. There was no follow-up requirement in this study. It was not necessary to collect blood 
samples and other samples of the patients, and no additional examination was required. The research ethics boards of our 
hospital approved the study protocol (2022 scientific research 081) and required neither patient approval nor informed 
consent for the routine laboratory procedure and review of patients’ images and medical records. Researchers would strictly 
keep the personal information of patients confidential. Identifiable information would not be disclosed to persons other than 
research members unless permission was obtained from the patient. All research members were required to keep the identity 
of patients confidential. When the research results were published, no personal information of patients would be disclosed. 
This study was conducted in accordance with the Declaration of Helsinki and its revisions.

Data Collection
Patients’ characteristics, including demographic information, location of the lesion, systemic inflammatory response 
syndrome (SIRS), paravertebral abscess, c-reactive protein, erythrocyte sedimentation rate, procalcitonin (PCT), inter
leukin-6, surgical intervention, previous antibiotic use, and culture results were carefully extracted from their electronic 
medical records.

Surgical Intervention
All patients underwent X-ray, Computer Tomography (CT), or Magnetic Resonance Imaging (MRI) to confirm the 
lesion’s location. Blood samples were taken for routine laboratory tests before fluoroscopy-guided biopsy and/or open 
debridement. Patients received routine empiric antibiotic therapy after surgery. Adjustment of antibiotics was based on 
the culture results. Fluoroscopy-guided biopsy was carried out in two steps. First, the biopsy needle was inserted into the 
pedicle of the lower vertebral body. We then pulled out the core of the biopsy needle and continued to penetrate the upper 
endplate. Then we took out the biopsy needle and bone lesion. Second, the biopsy needle was repositioned into the 
intervertebral space under the guidance of a K-wire. Soft tissue lesions including intervertebral disc and pus were 
extracted under negative pressure with a 20 mL syringe in some patients.

Open debridement surgery via an anterior or posterior approach was carried out for patients with spinal cord 
compression or failed treatment of antibiotics alone. The surgery option was determined by multidisciplinary coopera
tion, composed of an experienced spine surgeon and an infectious diseases specialist.
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Tissue Samples Culture
Tissue samples (bone and soft tissue) were divided into three parts: manual homogenization (MH), manual mixture 
(MM), and pathological examination. For the MH group, tissue samples were placed in a disposable sterile tissue grinder 
(made of glass) with 5 mL normal saline. This was ground clockwise for 1 minute and the homogenate was diluted to 
20 mL with normal saline. For the MM group, tissue samples were placed in the disposable sterile measuring cup with 
20 mL normal saline and stirred clockwise for 1 minute. For pathological examination, tissue samples were soaked in 
formalin solution as soon as possible. Then 20 mL sterile normal saline was used to wash the grinder and measuring cup, 
and this was set as the negative control to exclude false-positive culture results. We collected 20 mL manual homogenate, 
manual mixture, and sterile normal saline, respectively. Microbiological aerobic and anaerobic cultures were performed 
on blood culture bottles (Becton, Dickinson and Company Spark, MD 21152, USA) for 2 weeks.

Statistical Analysis
Continuous variables were presented as mean (± standard deviation) when they were in the normal distribution and 
median (range) when they were not. t-test or Mann–Whitney U-test were used to detect the difference among continuous 
variables. The differences among the categorical variables were analyzed using the chi-square test (When n≥40 and T≥5, 
Pearson chi-square test; when n≥40 and 1≤T≤5, continuity adjusted Pearson chi-square test; when n<40, or T<1, Fisher’s 
Exact Test). All tests were 2-sided. A P-value<0.05 was considered statistically significant. All statistical analyses were 
performed with the IBM SPSS Statistics 25 (IBM Corporation, Armonk, NY).

Results
A total of 26 consecutive patients (36 tissue samples) with PS between October 2018 and March 2021 were recruited. 
The diagnosis of all patients was confirmed by pathological result. Two patients (three tissue samples) were excluded 
because of tissue samples contamination (positive result of negative control (sterile normal saline). In all, 24 patients (33 
tissue samples) were included in this study (Figure 1).

Patients’ general information is shown in Table 1. The average age was 61.7±3.2 years old. Ten patients were female, 
and 14 were male. Twenty-two patients were involved in the thoracolumbar spine.

The baseline conditions of patients before tissue samples acquired are shown in Table 2. Patients with a positive 
culture result in the MM group had a higher level of ESR, CRP, IL-6, more paravertebral abscesses and SIRS, and less 

Figure 1 The algorithm of tissue samples processing. Tissue samples were divided into manual homogenization, manual mixture, and pathological examination; 20 mL sterile 
normal saline was set as the negative control to excludcontamination.
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Table 1 Patients’ General Information

Characteristic N=24

Age (years old) 61.7±3.2

Gender

Female 10

Male 14

Location of the lesion

Cervical 2

Thoracic 10

Lumbar 12

Surgical intervention

Fluoroscopy-guided biopsy 7

Open debridement 8

Both 9

Table 2 Characteristics of Patients in MM and MH Groups

Culture Result MM Group MH Group

Positive 
(n=21)

Negative 
(n=12)

P Positive 
(n=29)

Negative 
(n=4)

P

ESR (mm/h) 79.4±6.3 57.5±15.1 0.210 69.1±7.4 95.0±8.0 0.295

CRP (mg/L) 58.4±11.6 24.9±10.4 0.063 46.2±9.5 44.9±28.6 0.969

IL-6 (pg/mL) 41.5±14.0 16.8±7.8 0.193 32.9±10.3 19.5±15.3 0.654

Paravertebral abscess

Yes 14 5 0.635 17 2 1

No 4 3 6 1

SIRS

Yes 5 1 0.379 5 1 1

No 16 11 24 3

Previous antibiotic use

Yes 13 5 0.300 17 1 0.308

No 8 7 12 3

Samples acquired

Fluoroscopy-guided 

biopsy

10 6 1 13 3 0.335

Open debridement 11 6 16 1
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previous antibiotic use compared with patients with negative culture result, although this did not reach a significant level 
on statistics. In the MH group, more patients with lower levels of CRP, IL-6, and SIRS had a positive culture result.

Culture results are shown in Table 3. The positive rates in aerobic conditions were 78.8% (26/33) and 54.5% (18/33) 
in the MH and MM groups, respectively. The positive rates in anaerobic condition were 63.6% (21/33) and 39.4% (13/ 
33) in the MH and MM groups, respectively. The MH group had a significantly higher positive rate compared with the 
MM group in aerobic and anaerobic conditions (aerobic condition: 78.8% vs 54.5%, P=0.037; anaerobic condition: 
63.6% vs 39.4%, P=0.049). The positive rates in aerobic condition were higher than that in anaerobic condition (MH 
group: 78.8% vs 63.6%; MH group: 54.5% vs 39.4%).

The microorganisms identified in the present study are shown in Table 4. Five patients had different microorganisms 
identified in fluoroscopy-guided biopsy and open debridement. Four patients had different microorganisms identified in 

Table 3 Culture Results

Items MH (33 Tissue Samples) MM (33 Tissue Samples) P

Positive Negative Positive Negative

Aerobic 26 7 18 15 0.037

Anaerobic 21 12 13 20 0.049

Table 4 Summary of the Causative Microorganisms Identified in Patients with Pyogenic 
Spondylitis

Microorganisms MH (33 Tissue Samples)

Aerobic (n=27) Anaerobic (n=21)

Staphylococcus warneriMH 1 1

Escherichia coli 4 5

Staphylococcus aureusMH 5 4

Staphylococcus epidermidisMH 3 3

Aspergillus fumigatus 1

Acinetobacter baumannii 1

Staphylococcus lentusMH 1

Staphylococcus cohniiMH 1

Staphylococcus capraeMH 1 2

Staphylococcus hominisMH 2 1

Staphylococcus capitis 2 1

Corynebacterium mimicusMH 1

Salmonella sandenburg serotype 1 1

Candida albicans 2 1

Staphylococcus haemolyticusMH 1

Streptococcus constellatus 1

Micrococcus luteusMH 1

Note: MHindicates the microorganism was only identified in the MH group for the same sample.
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aerobic and anaerobic blood culture bottles. One patient had two microorganisms identified in the same blood culture 
bottle. In all, eight patients were identified with polymicrobial infections.

Subgroup analyses were carried out depending on previous antibiotic use and paravertebral abscesses. For patients 
with previous antibiotic use, the positive rates in aerobic condition were 94.4% (17/18) and 66.7% (12/18) in the MH and 
MM groups, respectively. The positive rates in anaerobic conditions were 66.7% (12/18) and 38.9% (7/18) in the MH and 
MM groups, respectively. For patients without previous antibiotic use, the positive rates in aerobic and anaerobic 
conditions were 60.0% (9/15) and 40.0% (6/15) in the MH and MM groups, respectively. For patients with paravertebral 
abscesses, the positive rates in aerobic condition were 78.9% (15/19) and 63.2% (12/19) in the MH and MM groups, 
respectively. The positive rates in anaerobic condition were 63.2% (12/19) and 42.1% (8/19) in the MH and MM groups, 
respectively. For patients without paravertebral abscesses, the positive rates in aerobic and anaerobic condition were 
71.4% (5/7) and 42.9% (3/7) in the MH and MM groups, respectively (Table 5).

The results showed that MH could improve the culture sensitivity for patients with previous antibiotic use and without 
paravertebral abscesses, but not reach a significant level on statistics.

Patients with previous antibiotics use had higher positive rates than patients without previous antibiotics use (MH 
group and aerobic condition: 94.4% vs 60.0%; MM group and aerobic condition: 66.7% vs 40.0%). Patients with 
previous antibiotics use had a higher level of ESR, IL-6, and CRP. The levels of ESR, CRP, and IL-6 of patients with 
previous antibiotic use were higher than patients without antibiotic use, the difference of IL-6 reached a significant level 
on statistics (Figure 2).

Discussion
The low sensitivity of microbiological culture for patients with PS remained a difficult problem for clinicians. The 
present study demonstrated that MH could significantly improve the sensitivity of microbiological culture of patients of 
PS (Table 3).

There were several factors which affected the sensitivity of microbiological culture, such as the level of CRP, ESR, 
paravertebral abscess, pre-culture antibiotic use, and the source of tissue (soft tissue or bone).8,9 A lower level of CRP 
and ESR, pre-culture antibiotic use, and without abscesses were correlated with poor culture sensitivity.9,19 Our result 

Table 5 Sub-Group Analysis of Culture Results (Previous Antibiotic Use and Paravertebral 
Abscess)

Items MH MM P

Positive Negative Positive Negative

Previous antibiotic use: YES (n=18)

Aerobic 17 1 12 6 0.088

Anaerobic 12 6 7 11 0.181

Previous antibiotic use: NO (n=15)

Aerobic 9 6 6 9 0.466

Anaerobic 9 6 6 9 0.466

Paravertebral abscess: YES (n=19)

Aerobic 15 4 12 7 0.476

Anaerobic 12 7 8 11 0.330

Paravertebral abscess: NO (n=7)

Aerobic 5 2 3 4 0.592

Anaerobic 5 2 3 4 0.592
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showed that more patients with a lower level of CRP, ESR and IL-6 could get a positive culture result in the MH group. 
Sub-group analysis demonstrated that MH could improve the culture sensitivity for patients with previous antibiotics use 
and without abscesses, although not reach a significant level on statistics. The 2015 Infectious Diseases Society of 
America Clinical Practice Guidelines suggested that antibiotics be suspended for 1–2 weeks unless the patient was 
hemodynamically compromised or accompanied by neurologic symptoms.20 Russo et al9 reported that a rigorous 
UDIPROVE protocol (including Withholding antibiotics 2 weeks) could increase the culture-positive rate to 73.6%, 
almost twice the rate reported in the other literature.5–7 However, suspension of antibiotic pre-culture was not suitable for 
all patients and might cause delayed treatment or disease progression, particularly in critically ill patients. Antibiotic use 
of patients was not interrupted in the present study.

Biofilm was a colony colonized on the surface of tissues or plants in vivo with strong adhesion. It was composed of 
bacteria, proteins, and matrices. Biofilm was detected in more than 60% of chronic osteomyelitis patients.18 Biofilm was an 
important factor that causes bacterial resistance and false negative of culture.21,22 The results of this study showed that the 
microorganisms isolated were mainly gram-positive cocci, such as Staphylococcus. For the same tissue sample, most 
microorganisms that were isolated in the MH group and not isolated in the MM group were Staphylococcus (Table 4). 
Staphylococcus easily form biofilms.17,23,24 The result suggested that biofilm might play a role in the false negative culture 
results for patients with PS. MH could destroy the biofilm and increase the sensitivity of culture.

Disputes still exist between bone and soft tissue. Kim et al10 reported that the culture sensitivity of soft tissue 
(intervertebral discs, paraspinal abscesses, or psoas abscesses) was higher than bone (63.5% vs 39.7%). However, the 
significantly higher level of CRP in the soft tissue group (P=0.032) might bias the results. Chang et al25 reported that 
culture sensitivity was not statistically significantly different between bone and soft-tissue. Compared with soft tissue, 
especially abscesses, bone tissue biopsy also had another advantage, the additional tissue could be sent for pathologic 
evaluation and make the pathological diagnosis.26,27 In the present study, patients mainly underwent fluoroscopy-guided 
bone tissue biopsy. MH was simple and easy to operate. However, MH had limitation when applied in patients of PS. MH 
was difficult to fully homogenize bone tissue, especially bone tissue containing sclerosing components. Additional 
methods needed to make up the inadequate homogenization for bone, such as DL-dithiothreitol. DL-dithiothreitol was 
simple to use and could increase pathogen release from disease tissue.13,14 Combination of MH and DL-dithiothreitol 
was theoretically feasible to further improve on the culture sensitivity. Moreover, an especial homogenizer might be 
another choice to fully achieve homogenization of bone.

Blood culture bottles were used in the present study. Blood culture bottles could increase the culture sensitivity of 
patients with PJI.28,29 In the present study, polymicrobial infections were identified in eight patients. Among them, one 
patient with polymicrobial were identified in the same blood culture bottle. Usually, only one dominant bacterium will 
reproduce in the blood culture bottle, although culture was the gold standard for microorganism identification. Compared 
with blood culture bottle, polymerase chain reaction and metagenomic next generation sequencing had the advantage on 
the identification of polymicrobial infections.30,31

Figure 2 ESR, IL-6, and CRP level of patients with and without previous antibiotic use. ESR, IL-6, and CRP.
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We acknowledge limitations to the present study. The main limitation was that this was a single-center study with 
a relatively small sample size. A large-scale case should be collected to validate these results, especially for patients with 
a different risk factor, such as the level of infectious indicator (ESR, CRP), paraspinal abscess, and pre-culture antibiotics 
use. However, the strength of the study was that it was self-control designed in that it provided essential information 
regarding applying a simple and effective method to improve culture sensitivity for patients with PS.

Conclusions
Based on the present study, MH could improve the sensitivity of microbiological culture for patients with pyogenic 
spondylitis.
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