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Pyogenic vertebral osteomyelitis: identification of microorganism
and laboratory markers used to predict clinical outcome
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Abstract The aim of this study is to determine the pre-
dictive values of laboratory indicators of pyogenic verte-
bral osteomyelitis (PVO) and a potential cure if the
microorganism cannot be identified. Forty-five consecutive
patients with PVO were enrolled. Antibiotic therapy with
or without surgery was performed according to micro-
organism. In the negative-culture (NC) group, cefazolin
was administered in cases of hematogenous PVO, and
vancomycin was administered in cases of postoperative or
procedure-related PVO. The clinical, laboratory, and
radiological findings were followed up with regard to an
appropriate response to antimicrobial therapy. Nine
patients were treated with antibiotics alone. We were able
to identify the microorganism in 34 cases (75.6%). Ten
cases in NC group were cured without recurrence, but one
was not. Identification of the microorganisms did not have
any significant influence on the treatment outcome, dura-
tion of antibiotic administration or normalization of labo-
ratory profiles. For erythrocyte sedimentation rate (ESR)
values over 55 mm/h and C-reactive protein (CRP) values
of 2.75 mg/dL at fourth week after antibiotic administra-
tion by means of ROC curve analysis, we expect
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significantly high rates of treatment failure by Pearson y*
test (;{2 = 4.344, Odds ratio = 5.15, p = 0.037, 95% CI
1.004-26.597). Even in patients with negative culture
findings, it is expected that a good outcome will be
achieved by the administration of cefazolin or vancomycin
for about 6 weeks. It is concluded that antibiotics selected
according to the etiological setting can be initiated without
the need to start empirical antibiotics. In every instance at
fourth week after the initiation of antibiotic therapy, the
values of CRP and ESR can provide meaningful informa-
tion regarding whether clinicians need to reevaluate the
effectiveness of antibiotics by performing follow-up
imaging studies and monitoring the patient’s clinical
manifestations.

Keywords Pyogenic vertebral osteomyelitis -
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Introduction

Pyogenic vertebral osteomyelitis (PVO) with or without
spinal epidural abscess is a rare clinical condition [1-3]. It
usually presents insidiously and follows an inactive clinical
course, making early diagnosis difficult. The incidence of
PVO is currently on the rise due to the increase in the
elderly population with chronic debilitating diseases such
as diabetes mellitus and impaired immunocompetence,
increases in spinal instrumentation and the use of epidural
catheters for pain therapy and surgery, and the rise in the
prevalence of intravenous drug abuse [4, 5]. PVO may
produce acute neurological deterioration or moribund sta-
tus resulting from septicemia. Clinicians should be aware
of the clinical characteristics, natural course, neuroimaging
parameters, laboratory findings and neurological changes
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associated with PVO. Such knowledge would aid in the
early detection of PVO as well as the application of proper
treatment. The mainstay of treatment for PVO has been
prompt administration of appropriate antibiotics, and it is
often combined with bracing or surgical intervention. Due
to wide variation in the clinical presentation of PVO and
the absence of a single laboratory finding indicating the
degree of infection, it is often difficult to establish a ther-
apeutic plan and remain confident in it. The situation is
worse when the microorganism is not identified. It is well
known that determination of microorganism may help cli-
nicians choose a specific antibiotic and predict the treat-
ment outcome. However, most reports showed a high rate
of negative culture (NC), ranging from 10 to 30% [6-8],
which indicates that it is still hard to determine the
microorganism. It is difficult for clinicians to choose
antibiotics in cases with NCs and to judge the antibiotic
response in the absence of clinical improvement. There-
fore, we conducted a retrospective review to investigate the
outcome of culture-negative and culture-positive patients
with PVO and to identify laboratory parameters that can
predict the outcome of PVO.

Materials and methods

We retrospectively reviewed 45 cases admitted to our
hospital with the clinical diagnosis of hematogenous or
postoperative non-tuberculous PVO between May 2003
and December 2007. The diagnosis of PVO was made
based on the fulfillment of the following three criteria: (a)
compatible clinical symptoms and signs (pain or neuro-
logical deterioration with or without fever), (b) confirma-
tion of initial MRI diagnosis (loss of disc height at the level
of involvement with enhancement, end-plate erosions,
vertebral destruction, epidural or paravertebral abscess,
spinal cord compression) and (c) biological markers
revealing infectious conditions and/or bacterial isolation
from an image-guided discovertebral sample by blood
culture or from the surgical field. At least two blood cul-
tures were obtained from each patient before antibiotic
therapy was initiated. In non-surgical cases, tissues for
culture were obtained by computed tomography-guided
percutaneous sampling. When the microorganism was not
identified in the first culture, a second sampling was per-
formed at a different site. Antibiotic administration started
after the surgical sampling or last percutaneous sampling.
Patients with NC studies were rechecked to confirm the
fulfillment of the following conditions: (1) laboratory
findings of inflammation, (2) imaging study evidence of
PVO, (3) at least two negative blood cultures and negative
percutaneous disc or vertebral body biopsy if performed,
(4) no  histological evidence of granulomatous
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inflammation or fungal infection, and (5) negative micro-
biology after prolonged cultures for Mycobacterium
tuberculosis and PCR study of the Mycobacterium com-
plex. All patients were treated by neurosurgeons (Kim HJ,
Kim KJ, Chung SK). Decompression and reconstruction
with instruments were performed if there was any intrac-
table pain, failure of medical management, neurological
impairment with or without an associated abscess, vertebral
destruction causing spinal instability and/or segmental
kyphosis, and operative treatments such as tissue debride-
ment. Antibiotics were administered after consultation with
an infection specialist from the internal medicine depart-
ment. In cases with NC results, empirical antibiotics were
chosen after considering the possible portal of entry. The
same protocol was followed in patients referred from other
hospitals.

The clinical, laboratory, and radiological findings were
followed to assess the response to antimicrobial therapy.
Data on age, sex, site of infection, concomitant diseases,
risk factors, and preceding events were extracted from the
patients’ electronic medical records. Inflammatory markers
such as full blood cell count, including white blood cell
count (WBC), erythrocyte sedimentation rate (ESR), and
C-reactive protein (CRP) level, were followed weekly
during admission and monthly thereafter. We defined the
normalization of values of WBC, ESR and CRP as beneath
10,000/pl, 20 mm/h and 0.5 mg/dL, respectively. All
patients were followed up for at least 3 months after
discharge.

Statistical analysis

Continuous data were described as means and standard
deviations or range, and categorical variables were
expressed as percentages. The y” test (or Fisher’s exact test
if an expected value was less than 5) was used to compare
categorical variables between the groups. Student’s # test
and ANOVA were used to compare continuous variables.
The presumption was performed by means of multiple
logistic regression analysis and ROC curve analysis to
identify parameters that could be used to predict clinical
outcome using SPSS 12.0 software (Apache software
foundation, Chicago, IL, USA).

Results

Patient characteristics and outcomes

A total of 45 PVO cases were treated between May 2003
and December 2007. The study population included 24

men and 21 women who ranged in age from 30 to 81 years
(mean age 58). Thirteen cases were treated at other
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hospitals, 26 were newly diagnosed with PVO at our
institute and 6 were cases of recurrent PVO. A flowchart
showing the clinical conditions of the patients from
admission is presented in Fig. 1. Twenty-four patients had
one or more comorbid conditions. The most frequent
comorbidity was diabetes mellitus (n = 16), followed by
cirrhosis or chronic alcohol liver disease (n = 7), other
systemic infectious disease (n = 3), chronic renal failure or
end stage renal disease (n = 2) and malignancy (n = 2).
The most frequent presenting clinical manifestation was
pain (n = 32), followed by fever (n = 20). The charac-
teristics of the patients are listed in Table 1. The lumbar
vertebrac were most frequently involved (26 patients),
followed by the thoracic (6 patients) and cervical (4
patients) vertebrae. Nine patients had involvement of

Referred patients:
Startantibiotics
atotherhospital{13)

New patients:
Startantibiotics for PVO
atour hospital (26)

Pyogenic
Vertebral Cure(33)

O

39)

Cure(4)

-
H

H

K

K H Recur(1) —| Cure(1)
. : L'—’_
\ | v | 4
Total 45 pyogenic vertebral osteomylitis
cases were treated

Failure(6)

Fig. 1 The flow chart of the initial conditions of patients with
pyogenic vertebral osteomyelitis (PVO)

Table 1 Demographics of pyogenic vertebral osteomyelitis (PVO)
patients

Variable N

Sex Male 24, Female 21

Age (years) 59.7 (30-81)
Mean symptom duration (days) 53.9 (1-360)
Initial symptom presentation

Pain 32

Fever 20

Weakness 9

Wound problem
Comorbidity

Diabetes 16

Chronic liver disease

Systemic infection

Cancer

End stage renal disease

None 21

multiple vertebrae. In five patients (11.1%), PVO presented
as a disease of a single vertebra, usually with a collapsed
vertebral body. In others, it involved two or more conti-
guous vertebral bodies and intervening disk spaces (88.9%).
Thirty-six patients underwent surgical management, such
as curettage of abscess and infected bone with or without
reconstruction. Seven of the 36 patients who underwent
surgical management had NCs and 29 had positive cultures
(PCs). A frank paravertebral mass was indentified in 5
cases, and an epidural abscess was identified in 14 cases.
Nineteen patients had no definite causative procedure or
surgery before visiting the hospital. The configuration of
PVO and other characteristics are shown in Table 2. Severe
complications developed in eight patients. Six patients
experienced drug-induced fever or eosinophilia, and two
had meningitis. One patient died during treatment and 26
(57.8%) recovered without residual abnormalities. The
most frequent residual abnormalities at the final follow-up
were pain (N =8, 17.8%) and functional impairment
(N = 11, 24.4%). The rates of treatment failure and com-
plication were not affected by the extent of PVO, coexis-
tence of an abscess, comorbidity, surgical management,

Table 2 The characteristics

of PVO: configuration, treatment

modality and route of entry
Variable N %
Site of involvement

Cervical 4

Thoracic 6

Lumbar 26

Mutifocal 9
Involved vertebral body

1 5

2 26

3 9

4 3

5 1

6 1
Concomitant abscess with PVO

With abscess 21 46.7

Without abscess 24 53.3
Treatment modality

Surgery + antibiotics 36 80

Antibiotics only 9 20
Route of entry

Community acquired 19 42.2

Nosocomial

Procedure related 5 11.1
Postoperative 21 46.7

PVO pyogenic vertebral osteomyelitis
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route of entry, newly diagnosed, referral from another
hospital, age and sex.

Microorganism and antibiotics

We were able to identify the microorganism in 34 cases
(75.6%). The most frequently identified organism was
Staphylococcus aureus (N = 16, 35.6%). Nine cases of
S. aureus infection were methicillin-resistant, and seven were
methicillin-sensitive. The microorganisms were composed
of 16 S. aureus followed by 4 methicillin-resistant S. epi-
dermidis and 4 Streptococcus agalactiae each other. All
microorganisms and susceptible antibiotics administered
are listed in Table 3. The mean duration of antibiotic
administration was 8.0 weeks (+4.1 weeks). Vancomycin
was initiated in methicillin-resistant Staphylococcus and
Streptococcus species following the identification of the
causative microorganism. Nafcillin or cefazolin was pre-
scribed for patients with MSSA. All MSSA cases showed
improvement without recurrence. In the NC group, cefaz-
olin was administered in cases of hematogenous PVO, and
vancomycin was chosen for the treatment of postoperative
or procedure-related PVO. There was one case of postop-
erative discitis at the 13-4 level, but the other ten cases were
cured without recurrence. There was no significant differ-
ence in WBC and ESR value on the first day (the day on
which the antibiotic was initiated) or the first, second,
fourth, sixth, eighth week between the PC group and NC
groups. On the other hand, there was a significant difference
in CRP value on the first day (PC 12.9 g/dL, NC 5.1 g/dL,

Table 3 Identified microorganisms and administered antibiotics

p = 0.007). There was no significant difference in the
duration of normalization of values of WBC and ESR, but
the duration of CRP normalization was significantly longer
between the PC group and NC groups. In the NC group (PC
25.9 days vs. NC 53.6 days, p = 0.005), the rate of failure
to identify the microorganism was 24.4% (n = 11) in the
enrolled patients and 26.9% (n = 7) in the newly diagnosed
patients. Identification of the causative microorganism did
not have any significant effect on treatment outcome.

The laboratory markers reflecting clinical outcome

Retrospectively, the patients were categorized into either
the controlled group or failure group in order to evaluate
the treatment outcome. ‘Controlled’ was defined as com-
pletion of antibiotic therapy corresponding to improved
clinical manifestations (no fever and no wound problem)
and improved laboratory parameters or imaging findings
without recurrence for 3 months. Treatment failure inclu-
ded disease progression and recurrence. Deaths related to
PVO and newly detected abscess or infectious condition at
another site within 3 months were considered indicative of
disease progression. Clinical and laboratory deterioration
with or without abnormal radiological findings 3 months
after the completion of antibiotic treatment was classified
as recurrence. Recurrence was disclosed in seven cases,
and one case was treated for two consecutive recurrences.
We compared the WBC, ESR and CRP values on the first
day, as well as in the first, second, fourth, sixth, eighth
week (Fig. 2a—c). There were no significant differences in

Causative organism Ist line antibiotics 2nd line antibiotics N %
MRSA Vancomycin £ Ripamfin Teicoplanin or Linezolid £ Ripamfin 9 20
MSSA Nafcillin Cefazolin 7 15.6
MRSE Vancomycin Teicoplanin or Linezolid 4 8.9
Streptococcus agalactiae (group B) Penicillin Cefazolin 4 8.9
E. coli Cefotaxime — Ciprofloxacin(PO) Piperacillin/Tazobactam — Ciprofloxacin(PO) 3 6.7
Streptococcus viridans Penicillin N 2 4.4
Klebsiella pneumoniae Cefotaxime — Ciprofloxacin(PO) N 1 2.2
Enterobacter cloacae Cefotaxime + Amikacin N 1 22
Acinetobacter baumannii Ceftazidime — Piperacillin/ N 1 22
Tazobactam
Beta-Streptococcus, Ampicillin/sulbactam — Cefazolin N 1 22
Group C Streptococcus, MSSA
Bacillus species, MRSE, Vancomycin + Fluconazole N 1 2.2
Enterotoccocus faecalis (group D)
Unidentified Cefazolin &+ Ripamfin, N 11 24.4
Vancomycin £ Ripamfin
45 100

MRSA methicillin-resistant Staphylococcus aureus, MSSA methicillin-sensitive Staphylococcus aureus, MRSE methicillin-resistant Staphylo-
coccus epidermidis, PO per os (Change IV antibiotics with PO antibiotics)
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Fig. 2 Comparison of laboratory markers; a white blood cell (WBC)
count, b erythrocyte sedimentation rate (ESR) and ¢ C-reactive
protein (CRP) between the positive culture group and negative culture

the laboratory parameter values between the groups. The
most significantly sensitive and specific values of ESR and
CRP for predicting the likelihood of treatment failure were
obtained by means of ROC curve analysis during the fourth
week after antibiotic administration (Fig. 2d). If the ESR
value was over 50 mm/h and the CRP value was over
2.75 mg/dL, we expected a significantly high risk of
treatment failure by Pearson ¥ test (y° = 4.344, Odds
ratio = 5.15, p = 0.037, 95% CI 1.004-26.597). There
were no significant correlations between clinical outcome
and variables such as sex, age, operative management,
identification of microorganism, previous history of

group. Both sensitive and specific values of ESR and CRP were
pointed out by ROC curve analysis (d) at the fourth week after
antibiotic treatment

treatment failure and abscess formation. However, multiple
logistic regression analysis revealed that comorbidity had a
significant influence on treatment outcome (p = 0.017,
95% CI 1.751-333.333) (Table 4).

Discussion

Pyogenic vertebral osteomyelitis accounts for approxi-
mately 1-7% of all bone infections [9—11]. It encompasses a
spectrum of pathological conditions, including discitis,
spondylitis, and spondylodiscitis [1, 12]. The incidence of
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Table 4 Factors associated with relapse in patients with pyogenic
vertebral osteomyelitis by means of multiple logistic regression
analysis

Risk factors RR (treatment p value 95% CI
failure)

Older age 1.069 0.144 0.978-1.168

Longer symptom 0.994 0.357 0.981-1.007
duration

Male (vs. female) 0.42 0.418 0.051-3.428

Newly diagnosed 1.283 0.802 0.184-8.959
(vs. referred patients)

With comorbidity 22.727 0.017 1.751-333.333

With abscess 1.08 0.944 0.129-9.011

Identified organism 2.66 0.462 0.196-35.714

spinal infections appears to have increased in recent years,
and this disease is now estimated to occur in approximately
1 per 100,000 persons annually [9, 13, 14]. This rise in the
incidence of spinal infections can be attributed to the
increasing prevalence of elderly and immunocompromised
individuals in the population [12, 15]. In this study, the
presence of comorbidity was the only significant factor
determining the patients’ outcome using multiple logistic
regression analysis. In this study, diabetes mellitus (35.6%)
represented the most common comorbidity, followed by
chronic liver disease (15.6%), systemic infectious condition
(6.7%), end stage renal disease (4.4%) and cancer (4.4%).
These rates differed somewhat from those previously
reported, with diabetes mellitus occurring in 7-28% of
patients [7, 16-21], cancer occurring in 3—15%, rheumatoid
arthritis occurring in 2-8%, and corticosteroid use reported
in 2-7% [8, 17-20, 22, 23]. There was no difference in
treatment outcome between the referred patients and
patients who were newly diagnosed in our hospital. The
extent of the level of vertebra affected and presence of an
abscess failed to influence the clinical outcomes of patients
with PVO. In addition, there was no significant difference in
patient outcome between those who underwent surgery and
those who did not. However, we cannot say that surgery is
not necessary in the treatment of PVO because the patients
were not randomly allocated into surgery and non-surgery
groups, as would be the case in a prospective study, and the
surgery was performed when medical treatment alone was
not sufficient. Despite the surgical advances and availability
of antibiotics, there is a significant risk of mortality and
relapse following PVO [17, 23]. Surgical intervention is
reserved for specific indications, such as the identification
of the microorganism via an open biopsy, controlling spinal
infections, symptomatic spinal cord compression or radi-
cular neurologic deficit, correction of deformity such as
post-infection kyphosis, and, finally, the management of
severe persistent pain [24, 25].
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Staphylococcus aureus was the most commonly isolated
organism in this study (16 cases, 35.6%). This finding is in
agreement with most of the reported literature, with
S. aureus accounting for 42-84% of the isolated organisms
in some studies [21, 24, 26-28]. Especially, MRSA is found
in 30-40% of nosocomial S. aureus strains, but in less than
1% of community-acquired strains [29, 30]. Two distinct
differences in our study are the increased incidence of
MRSA cases in community-acquired PVO infections
(50%) and the relatively lower incidence of MRSA cases in
nosocomial series (26.9%). Streptococcus species (N = 6
cases, 13.3%) were the second most commonly encoun-
tered organism in the current study. Multiple organisms,
isolated in two cases in our current PVO series, have been
shown by others to occur at a lower rate [26, 31].
Polymicrobial infections did not alter the patient outcome
[1]. There were 11 cases (24.4%) of NC findings in the
current patients, which is in agreement with the previous
findings [1, 10, 24]. By means of administration of cefaz-
olin or vancomycin, patients in whom the causative
microorganism could not be identified achieved relatively
favorable rates of cure (90.9%) in this series. These agents
should be effective against Staphylococci, which account
for 50% of all PVO cases [32, 33]. In addition, the etio-
logical circumstances deserve careful consideration due
to differences in the incidence of methicillin-resistant
S. aureus between nosocomially acquired PVO and commu-
nity-acquired PVO [10]. In the present study, 19 cases
(42.2%) had been referred from another hospital. In these
patients, antibiotic therapy was initiated by the referring
primary hospitals. However, cultures were obtained before
the initiation of antibiotic treatment. In all cases of PVO, a
specific microbiologic diagnosis is desirable for suscepti-
bility testing-guided antibiotic treatment. However, an
etiological diagnosis is not always possible. Possible cau-
ses include procedure failure, lower virulence and early
initiation of broad spectrum antibiotics before microbio-
logic diagnosis. There were 11 cases (24.4%) of NC study
in this study, which is similar to the results of previous
studies [1, 10, 24]. However, identification of the micro-
organism did not significantly influence the final outcome.
Whatever the cause of NC, these patients were less likely
to present with fever and to have relatively lower WBC
counts, CRP and ESR when compared to the PC group
between the first day and fourth week. They also have a
relatively shorter duration of normalization of WBC, ESR
and CRP. These results may be attributable to a more
locally infective process without bacteremia [6], a less
infective process caused by a low virulence pathogen or an
advanced natural healing status of PVO [34, 35]. The
evaluation of treatment effectiveness in the management of
PVO is not simple. No single parameter is conclusive in
revealing the status of the patient. Imaging abnormalities
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frequently persist despite clinical and biological cure of
PVO, and they are not associated with a greater risk of
relapse [29, 36, 37]. Therefore, clinical symptoms and
signs with laboratory markers still deserve to be considered
as important parameters when evaluating the clinical
response and determining recurrence after treatment dis-
continuation. Some reports have recommended that
patients should be followed up throughout the course of
treatment and for 1 year after its completion in order to
detect relapses [22]. This should include clinical assess-
ment of pain and neurological features, laboratory assess-
ment with serial monitoring of CRP and ESR, and
radiological examination using plain radiographs if needed.
Reduction in back pain and recovery of constitutional
symptoms suggest successful treatment. However, clini-
cians cannot exclude the possibility of recurrence or
treatment failure on the basis of clinical symptom relief
alone [10]. Many investigations showed laboratory markers
as tools for diagnosis and good predictors of clinical out-
come. WBC count is an unreliable laboratory marker in the
diagnosis of many spinal infectious processes [23, 24, 26,
31, 38]. It is often only slightly elevated, and it is often
normal in elderly or immunocompromised patients. It has
been reported that the WBC count is elevated in only
42.6% of PVO cases [38]. However, the ESR and CRP
levels were more sensitive to the presence of a spinal
infection (elevated ESR = 84% and CRP = 84%) [23, 24,
26, 31, 38]. In other literature, the ESR was found to be a
more sensitive test of spinal infection because it is elevated
in 70-100% of cases, as compared with only 13-60% of
cases in which an elevated leukocyte count is identified [1,
24, 28, 31]. A decreasing ESR during the first month of
conservative therapy is also a good prognostic sign,
although a favorable outcome is also seen in 40% of cases
with a persistently elevated ESR [8]. Increases in CRP
levels occurring after the 4th postoperative day are likely to
be caused by complications of a neurosurgical procedure
[39]. CRP normalizes more quickly than ESR, and it may
be more helpful in tracking recovery [14, 29, 37]. A 50%
drop in the CRP level each week is indicative of a good
response [29, 30].

In our series, the ESR and CRP values at the fourth
week after the initiation of antibiotics were noteworthy as
predictive markers for the effectiveness of treatment.
However, the values of ESR and CRP (ESR = 50 mm/h,
CRP = 2.75 mg/dL) during the fourth week cannot be
represented as an absolute value for predictors of cure or
recurrence. The value would be more reliable if obtained in
a larger and more homogenous population. At the fourth
week after initiation of antibiotic therapy, these parameters
can provide meaningful information as to whether clini-
cians need to recheck the effectiveness of antibiotics by
performing follow-up imaging studies and assessing the

patient’s clinical manifestations. These imply that these
parameters, when elevated, represent “red flags” for a
more serious condition [1]. The follow-up of laboratory
parameters may be more important when the microorgan-
ism is unknown.

Conclusion

Identification of microorganisms causing PVO will help
neurosurgeons initiate susceptible antibiotics. However, the
microorganism is still detected at very low rates. Even in
patients with NC results, it is expected that a good outcome
will be achieved by administration of empirical cefazolin
or vancomycin for about 6 weeks. The final treatment
outcomes of the patients in the PC and NC groups were
similar. In every instance, at the fourth week after initiation
of antibiotics therapy, the values of CRP and ESR can
provide meaningful information as to whether clinicians
need to recheck the effectiveness of the treatment by per-
forming follow-up imaging studies and evaluating the
patient’s clinical manifestations.
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