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Abstract

Osteomyelitis, or bone infection, is a major worldwide cause of morbidity. Treatment is frequently
unsatisfactory, yet little is known about pathogenesis of infection. Plasma tumor necrosis factor
(TNF), interleukin (IL)-6, and IL-8 concentrations were measured before and after
lipopolysaccharide stimulation of whole blood from patients with bacterial and tuberculous
osteomyelitis and from controls. Patients with bacterial and tuberculous osteomyelitis mounted an
acute-phase response and were anemic and febrile. However, plasma IL-6 concentrations were
significantly elevated in only tuberculous osteomyelitis patients (vs. controls, A< .05). IL-6
concentrations correlated with erythrocyte sedimentation rate, C-reactive protein level, and plasma
albumin concentration, all acute-phase markers. There were no other correlations between
cytokine concentrations and clinical data. Following ex vivo stimulation, TNF, IL-6, and I1L-8
were secreted equally by patients and controls. In summary, tuberculous osteomyelitis is
characterized by elevated systemic IL-6 concentrations associated with an acute-phase response.
For further insight into immunopathology of osteomyelitis, studies on infected bone are required.

Osteomyelitis, or bone infection, is a common clinical problem throughout the world,
causing major economic loss and personal morbidity, although exact figures on incidence
have not been collected. The majority of cases occur in children, and osteomyelitis usually
arises following hematogenous spread of organisms, although infection may also result
following trauma [1]. Most patients have mild systemic symptoms, such as fever and
malaise, but the intensity of local symptoms, such as pain and tenderness, can range from
minimal to severe. Disease may become chronic despite combined surgical and medical
therapy [2]. The most common bacterial causes of osteomyelitis are Staphylococcus aureus
and Staphylococcus epidermidis. The other major pathogen that causes osteomyelitis is
Mycobacterium tuberculosis.

The World Health Organization estimates that ~1.6 billion people are infected with M.
tuberculosis worldwide [3], and tuberculosis kills more people than any other single
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infectious disease [4]. Approximately 2% of cases of tuberculosis affect the skeletal system,
and of these, >50% localize to the vertebral column [5]. The worldwide increase in cases of
tuberculosis, due in part to the human immunodeficiency virus (HIV) epidemic, has led to
increased numbers of patients with tuberculous osteomyelitis in all countries, including the
United States [6]. However, the treatments for both bacterial and tuberculous osteomyelitis
are frequently unsatisfactory, requiring long-term antimicrobial chemotherapy often
combined with surgery, and disease may recur many years after apparent cure [1].
Surprisingly, data on the pathogenesis of osteomyelitis are very limited, and immune
responses in this infection are poorly characterized.

In most bacterial infections, proinflammatory cytokines have a central role in host defense to
infection (reviewed in [7]). Many in vivo studies of systemic bacterial infection have
demonstrated that tumor necrosis factor (TNF) [8, 9], interleukin (IL)-6 [10], and the
chemokine IL-8 [11-13] are all important components of the proinflammatory response.
However, data from osteomyelitis patients are few. In the one published study from
Germany, proinflammatory mediators were measured in patients with posttraumatic
osteomyelitis; acute but not chronic infection was associated with elevated plasma
concentrations of TNF, IL-6, and IL-8 [14]. Patients with hematogenous osteomyelitis were
not investigated, and comparative data are not available.

The principal tissue immune response in tuberculous osteomyelitis is granuloma formation,
classically with caseation. TNF has a pivotal role in the development of such
antimycobacterial granulomas [15]. Tuberculous osteomyelitis is frequently an occult
disease with few localizing signs; its main clinical features are attributable to an active
acute-phase response. Secretion of acute-phase proteins is driven by IL-6 [16], and it is clear
that M. tuberculosis may activate transcription of the IL-6 gene [17]. IL-8 is also an
important component of the immune response in tuberculosis and appears to be involved in
the recruitment of antigen-specific T lymphocytes to the granuloma both in vitro [18, 19]
and in vivo [20-22]. However, there are no data on the role of these cytokines in tuberculous
osteomyelitis.

In the present study, to determine whether or not localized osteomyelitis stimulated a
significant systemic cytokine response, we first measured the plasma concentrations of TNF,
IL-6, and IL-8 in bacterial and mycobacterial osteomyelitis patients and in control subjects.
Second, we investigated the ex vivo lipopolysaccharide-stimulated secretion of such
cytokines, using a whole blood culture system [23, 24]. The advantage of this system is that
it requires small volumes of blood, is clinically robust, does not require purification of
leukocytes (which may be associated with cytokine gene activation [25]), and uses a
physiologic milieu. The relative drawback of the whole blood method is that it is not easy to
determine which leukocyte types are secreting cytokines, and results are influenced by the
leukocyte differential count. However, the whole blood system has provided useful data in
the study of immunopathogenesis of bacterial [13, 26, 27], mycobacterial [21], and viral [28]
infections.

Patients and Methods
Study population

Twenty-five consecutive patients admitted to the orthopedic wards of the University
Teaching Hospital, Lusaka, Zambia, with bone infection were entered into this study. The
study was performed over 2 months, during which 61% of orthopedic inpatients were
hospitalized because of bone or joint infections. Patients were stratified on the basis of
standard clinical, laboratory, and radiologic assessment as having either bacterial or
tuberculous osteomyelitis. Entering the study (or choosing not to) did not affect clinical
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management protocols, and no patient declined to participate. However, 2 patients were
excluded from this study because of diagnostic uncertainty. All patients included in the
study had no other acute medical problems.

In addition, 13 control subjects were recruited. The original intention had been to recruit all
controls from healthy relatives of patients, but few were willing to volunteer. Therefore,
controls were either patients with chronic mechanical, noninflammatory disorders such as
contractures following childhood polio (7= 8) or entirely healthy relatives of patients (17=
5). All controls were asymptomatic and appeared to be in good health on screening by
questionnaire.

Clinical evaluation

Patients were admitted, and a routine clinical history and examination were performed.
Patients had samples taken for microbiologic analysis and underwent plain radiology
(computed tomography scanning and magnetic resonance imaging were not available). In
addition, a full blood cell count and erythrocyte sedimentation rate (ESR) were obtained in
line with local practice. An additional 5-mL blood sample was taken from the patients’
antecubital vein, anticoagulated with potassium-EDTA (Sigma, Poole, UK), and
immediately centrifuged at 1000 g for 5 min. Plasma was stored and subsequently analyzed
in the UK for a full biochemical profile, which included renal and liver function tests and
measurement of the acute-phase reactant C-reactive protein (CRP). Anonymous testing for
the presence of either HIV-1 or -2 antibody was performed by VIDAS ELISA (bioMérieux,
Basingstoke, UK).

Experimental protocols

At the same venesection was performed to obtain a sample for biochemical profile, a further
10 mL of blood was collected, anticoagulated with potassium-EDTA, and split into 2 5-mL
aliquots, each in polypropylene endotoxin-free tubes. The first aliquot was immediately
centrifuged at 1000 g for 5 min, and the plasma was stored at —30°C for later cytokine
analysis. The second 5-mL aliquot of blood was stimulated ex vivo with lipopolysaccharide
(LPS) from Escherichia coli (serotype 0127:B8; Sigma) added to a final concentration of 1
pg/mL ex vivo. After incubation at 37°C for 24 h, the plasma was separated by
centrifugation and stored as above. Subsequently, samples were taken to the United
Kingdom on dry ice and thereafter kept at ~80°C. We have previously shown that there is no
loss of cytokine bioactivity when samples are stored in this manner [11].

Cytokine assays

Plasma TNF concentrations were assayed using the highly sensitive WEHI 164 cell line,
subclone 13 (gift of A. Waage, University of Trondheim, Trondheim, Norway) as previously
described [29]. Plasma IL-6 concentrations were measured using the B9 cell proliferation
assay [30], which we have previously shown to be specific for this cytokine [31]. Plasma
IL-8 concentrations were measured using a validated in-house ELISA [32]. All samples
were handled as potentially infectious, using appropriate containment facilities.
Measurements were done in duplicate with appropriate controls and carried out by a
laboratory blinded to the clinical details.

Statistical analysis

Normally distributed (clinical) data are shown as means (£SE); groups were compared by
the unpaired ¢test. Nonparametric (cytokine) data are shown as medians (ranges), and
groups were compared using the Mann-Whitney Utest. Assessment of whether two
variables were independent of each other was by calculation of Spearman’s rank correlation
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coefficient (o). All analyses were performed using Statview version 4.0 for the Macintosh
(Abacus Concepts, Berkeley, CA). P< .05 was considered a significant difference between
groups.

Thirteen control subjects, 13 bacterial osteomyelitis patients, and 12 tuberculous
osteomyelitis patients were recruited to the study. Two patients had bacterial osteomyelitis
affecting the upper limb, 3 had the hip affected, and 8 had the lower limb affected. In 9
cases, a joint was affected as well as a long bone. There were 3 cases of posttraumatic
osteomyelitis, and 10 resulted from hematogenous infection. Tuberculous osteomyelitis
patients had M. tuberculosis infection that affected the spine in 8 cases, the hip in 3, and the
knee in 1. The mean (xSE) ages of the patients were 31.1 years (£2.7) for the controls, 24.2
years (x4.7) for the bacterial osteomyelitis patients and 30.6 years, (x 5.7) for the
tuberculous osteomyelitis patients. There were 5 males in the control group, 5 in the
bacterial osteomyelitis group, and 3 in the tuberculous osteomyelitis group. Fifty-four
percent of the bacterial osteomyelitis patients were febrile, as were 42% of the tuberculous
osteomyelitis patients; none of the controls was febrile.

The hematologic, biochemical, and serologic characteristics of the study population and
control subjects are shown in table 1. Controls with noninflammatory disorders and relatives
of healthy patients were similar except that 5 of 8 hospital controls but only 2 of 5 patient
relatives were HIV-positive. Both bacterial and tuberculous osteomyelitis patients were
anemic compared with controls. In addition, bacterial osteomyelitis patients had total
leukocyte counts significantly higher than those of controls and a significant thrombocytosis
compared with either controls or tuberculous osteomyelitis patients. Bacterial osteomyelitis
patients had a significant acute-phase protein response with elevated ESRs, raised CRP
levels, and reduced plasma albumin levels compared with controls. Tuberculous
osteomyelitis patients also had elevated ESRs and lower albumin levels than did control
subjects. Bacterial osteomyelitis patients had significantly lower plasma sodium
concentrations than controls. Study patients with bacterial osteomyelitis or tuberculous
osteomyelitis also had lower plasma creatinine concentrations than controls, but all values
were within the normal range. There were significantly more HIV-seropositive patients in
both the control and tuberculous osteomyelitis groups than in the bacterial osteomyelitis
group.

The greatest differences in plasma cytokine concentration on admission to the study were in
IL-6 concentrations (figure 1). Plasma IL-6 concentrations of tuberculous osteomyelitis
patients were significantly elevated over those of controls. Control subjects with
noninflammatory disorders and those who were healthy relatives of patients were similar in
terms of all aspects of proinflammatory cytokine secretion. IL-6 concentrations in bacterial
osteomyelitis patients were intermediate between those of tuberculous osteomyelitis patients
and controls, but in this small study, the difference was not statistically significant. In
contrast, there were no significant differences in plasma TNF concentrations between the 3
study groups. IL-8 was detected in the plasma of only 1 person, a healthy control (data not
shown). Following ex vivo LPS stimulation, significantly increased amounts of TNF, IL-6,
and IL-8 were released into plasma compared with unstimulated samples, but there were no
significant differences in LPS-stimulated cytokine concentrations between the 3 study
groups (table 2).

Cytokine concentrations on admission to the study correlated only poorly with hematologic
and biochemical indices. Plasma IL-6 levels correlated with ESR (P= .05, p = .41), CRP (P
= 0.5, p=.32), and albumin (P.05, p = —.34; Spearman’s correlation) concentrations, which
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are all markers of the acute-phase protein response. The only other parameter with which
IL-6 had any correlation was plasma sodium concentration (P= .05, p = .41; Spearman’s
correlation). Plasma IL-6 did not correlate with any measured clinical variable, such as the
presence of fever or HIV seropositivity. Circulating plasma TNF and IL-8 concentrations
did not correlate with any clinical, hematologic, or biochemical parameter. In addition,
plasma concentrations of any one cytokine did not correlate with the concentration of any
other cytokine.

Following ex vivo stimulation of whole blood by LPS, some additional correlations between
cytokine concentrations and laboratory data were noted, although all p values remained <.
45. TNF correlated with plasma urea, and IL-8 correlated with plasma creatinine
concentrations. Both urea and creatinine concentrations are elevated in renal failure.
Stimulated IL-8 concentrations also correlated with leukocyte and platelet counts. 1L-6
concentrations following ex vivo stimulation did not correlate with laboratory indices. Once
again, the concentration of any specific measured cytokine following ex vivo stimulation did
not correlate with any other cytokine. There were also no correlations between stimulated
cytokine concentrations and clinical parameters, including HIV infection status.

Discussion

Osteomyelitis frequently presents to the clinician with many nonspecific symptoms, such as
fever or malaise, rather than accurate localizing signs, particularly in patients with
tuberculous bone infection. The clinical, hematologic, and biochemical characteristics of our
study population demonstrated a systemic acute-phase response in both tuberculous and
bacterial osteomyelitis patients. However, plasma IL-6 concentrations were only
significantly raised in tuberculous osteomyelitis patients over controls but only elevated to a
lesser nonsignificant extent in bacterial osteomyelitis patients. IL-6 is likely to have several
actions in tuberculous osteomyelitis, and this cytokine is known to have an important role in
the acute-phase response [33, 34]. Because the acute-phase response in bacterial
osteomyelitis patients was at least as vigorous as that observed in tuberculous osteomyelitis
patients, IL-6 cannot be the only mediator involved. IL-6 may have a complex role, altering
both osteoclast and osteoblast function during bone remodeling [35], and such repair activity
will be critical following the tissue destruction that is characteristic of tuberculous
osteomyelitis. It has also been suggested that at least in murine models of tuberculosis, 1L-6
may have some direct antimycobacterial activity [36], although this is more controversial in
humans. In previous studies involving patients with pulmonary tuberculosis, 1L-6 mMRNA
was detectable only infrequently in the peripheral leukocytes by using the reverse
transcriptase—polymerase chain reaction [37]. However, IL-6 was present in low levels in
plasma of patients with nonfatal disease and at significantly raised concentrations in patients
who died [21]. The source of such circulating IL-6 is likely to be infected tissues, and in
samples collected by bronchoalveolar lavage of patients with pulmonary disease, IL-6 was
readily detected [38]. IL-6 concentrations at sites of osteomyelitis are not known.

The failure to detect any elevated plasma levels of TNF or IL-8 in patients with bacterial
osteomyelitis is in sharp contrast to the raised concentrations of these cytokines in patients
with systemic bacterial infections [8, 9, 11-13]. Similarly, raised plasma TNF and IL-8
concentrations have been frequently reported in patients with pulmonary or miliary
tuberculosis [20-22, 38, 39]. These findings are consistent with the localized nature of
osteomyelitis lesions, which are often relatively walled off from the systemic circulation,
with the clinical consequence that lesions are poorly penetrated by many antibiotics. Thus,
IL-8, which is synthesized by osteoblasts [40], may well be produced at the site of bone
infection but not be detectable systemically.
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In terms of clinical laboratory markers, both bacterial and tuberculous osteomyelitis patients
were more ill than controls and had a significantly elevated acute-phase response, anemia
(normocytic and probably secondary to tissue inflammation), and hypoalbuminemia.
Bacterial osteomyelitis patients had an elevated total leukocyte count and a reduced plasma
sodium concentration compared with controls, although the means were still within the
normal range; such findings are typical of bacterial infection. However, the only major
correlation between plasma cytokine concentrations and clinical measurements was between
plasma IL-6 concentration and markers of the acute-phase response. Plasma TNF and IL-8
did not correlate with each other or with any measured clinical variables. We have recently
made a similar observation concerning lack of correlation between plasma cytokine
concentrations and clinical data in a much larger group of 251 critically ill patients [41], and
it is likely that any relationships between clinical measurements and cytokine concentrations
are complex in infection. Thus, for example, although TNF is a pyrogen [42] and fever may
coexist with elevated plasma TNF concentrations [43], the development of fever does not
necessarily have a simple relationship to plasma TNF concentrations. One interesting
clinical observation from this study was that patients who were HIV-seropositive were much
more likely to have mycobacterial than bacterial osteomyelitis. This is consistent with the
known clinical and immunologic associations between HIV and tuberculosis [44-46]. Both
tuberculous osteomyelitis patients and hospital controls had a >50% chance of being HIV-
seropositive, a finding consistent with previous data [47]. The 15.4% level of HIV
seropositivity in the bacterial osteomyelitis group is nearer the incidence in the general
Zambian population [48]. The reason that the control subjects had a higher incidence of HIV
seropositivity is likely to be that they will have had multiple blood transfusions because 5 of
the 7 HIV-seropositive subjects in this group were patients with chronic mechanical,
noninflammatory disorders rather than healthy relatives of patients.

Following ex vivo stimulation of whole blood leukocytes, no major differences between
TNF, IL-6, or IL-8 concentrations were observed in the 3 groups. However, because
leukocyte counts were raised in bacterial osteomyelitis patients, the cytokine production per
cell may be reduced in this group, although the range of cytokine concentrations following
LPS stimulation was large in all groups. It is possible that leukocytes from bacterial
osteomyelitis patients were in a partial refractory state or that there was an inhibitor of
proinflammatory cytokine secretion circulating in these patients. We have previously found
evidence of such an inhibitor in patients with pulmonary and miliary tuberculosis in whom
ex vivo LPS stimulation of blood leukocytes from patients who died was not associated with
IL-8 secretion in contrast to ex vivo IL-8 secretion from stimulated whole blood of survivors
[21]. However, in this study, no patient died from osteomyelitis, an observation typical of
this infection that is associated with major morbidity rather than mortality. Cytokine
concentrations after ex vivo stimulation also correlated poorly with clinical laboratory
measurements, although levels of the neutrophil and T cell chemo-attractant IL-8 did relate
to leukocyte (and platelet) count.

In summary, this study has demonstrated that plasma concentrations of the acute-phase
cytokine IL-6 are significantly elevated in patients with tuberculous osteomyelitis. In
addition, plasma IL-6 concentrations correlate with the acute-phase protein response, but
HIV seropositivity did not appear to influence these findings. A second significant finding in
this study was the generally poor correlation between cytokines and osteomyelitis. This is
most likely a result of the fact that focal osteomyelitis is probably associated with a limited
cellular inflammatory response. Such a poor inflammatory response is consistent both with
the fact that patients frequently present with advanced disease and with the observation that
antibiotic treatment alone may often be unsuccessful. Since systemic inflammatory markers
correlate poorly with clinical and laboratory parameters, it is imperative that future studies
focus on local tissue cytokine production.
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Figure 1.

Circulating plasma TNF and IL-6 concentrations in patients with tuberculous osteomyelitis,
patients with bacterial osteomyelitis, and control subjects at study entry. Box represents
middle 2 quartiles divided by line at median point; horizontal lines show 10th and 90th
centiles. IL-8 data are not shown, as only 1 subject had detectable IL-8 in circulation. *
Groups between which there is statistically significant (£ < .05) difference in IL-6
concentrations.
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Table 2

Proinflammatory cytokine concentrations following ex vivo stimulation of whole blood leukocytes by
lipopolysaccharide

Cytokine (pg/mL) Control Osteomyelitis BoneTB
TNF 189 123 146
(40-950) (19-3874) (6-873)
IL-6 17,145 17,641 23,781
(6723-108,183)  (1801-150,346)  (4672-76541)
IL-8 25 463 25
(25-500,000) (25-1668) (25-4898)

NOTE. Data are median (range) values. Pvalues were not significant for differences in cytokine concentrations between patients with bacterial
osteomyelitis (OM) vs. control subjects, patients with tuberculosis (TB) vs. osteomyelitis (TB) control subjects, or OM vs. TB patients.
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