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Background: Osteomyelitis is painful condition for
patients and frustrating their doctors. The key to success-
ful management is early diagnosis, including bone
sampling for microbiological and pathological examination
to allow targeted and long-lasting antimicrobial therapy.
Sometime we can not find the causative organism from
the tissue culture and require clinical data to select the
empirical antibiotics.

Purpose: To report the incidence of causative organism
of osteomyelitis and determine such risk factors as well as
clinical features of gram negative osteomyelitis in the
Northeast region of Thailand.
Materials and Methods:
December 2004, 135 patients were diagnosed with
musculoskeletal infection at Sakolnakorn Hospital,

Between January 1999 and

Sakolnakorn, Thailand. Eighty-seven patients were
excluded from the study, leaving forty-eight, who made up
the study population. Thirteen patients were diagnosed
with gram-negative Osteomyelitis on the basis of gram stain
or culture of bone from OPD or IPD records. The signs
and symptoms, the bone that were involved, the patient
occupation, the duration of symptoms, and any concur-
rent disease were recorded.

Study design: Descriptive analytic study

Setting: Sakolnakorn Hospital, Sakolnakorn, Thailand
Results: Seven men and nine women had gram-
negative osteomyelitis. The mean age (and standard
deviation) was 53.75+14.18 years in the group with
gram-negative osteomyelitis and 31.17+26.15 years in the
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group with gram-positive osteomyelitis. The most common
gram-negative organism was Pseudomonas auriginosa
(5/16). The most common gram-positive organism was
Staphylococcus aureus. The odds of a patients having
gram-negative osteomyelitis was 6.9 times greater when
he or she had concurrent diabetes mellitus than when he
Six (387.5%) of the patients with gram-
negative osteomyelitis and 3 (9%) of the patients with

or she did not.

gram-positive osteomyelitis had involved the bone of foot,
so the odds ratio that an infection in the bone of foot was
caused by gram-negative organism was 5.3 (95%
confidence interval, 1.54 to 35.73; P=0.02).

Discussion and Conclusion:
shown that diabetes mellitus and involvement of bone of

In conclusion, we have

foot were the risk factors of gram-negative osteomyelitis.
The physician should select the empirical antibiotic that
covered gram-negative organism in this group of patients
and pay attention in the patients who are old age with
concurrent disease.
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Introduction
Osteomyelitis is an inflammation process
accompanied by bone destruction and caused by an
infecting microorganism. This condition is painful for
patients and frustrating their doctors. The high success
rates of antimicrobial therapy in most infectious diseases
have not yet been achieved in bone infections owing to
the physiological and anatomical characteristics of bone.
The key to successful management is early diagnosis,
including bone sampling for microbiological and
pathological examination to allow targeted and long-lasting
antimicrobial therapy' 2. Sometime we can not find the
causative organism from the tissue culture because of the
bad collection technique or wrong culture media. These
groups of patient require all clinical data to define the high
probability of causative organism.

Staphylococus aureus is the infecting organism in
older children and adults with osteomyelitis®t. Although
S aureus is still the most common cause of osteomyelitis
a gradual decrease in such cases has been noted over
the past 10 to 15 years’. From our clinical point of view,
gram-negative organisms are responsible for an increasing
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number of bone infections in adults. Mixed floral
osteomyelitis (gram-positive and gram-negative) has
increased in the exogenous type of osteomyelitis4. In our
area, the Northeast region of Thailand, the incidence of
osteomyelitis caused by Burkholderia pseudomallei was
increase. The goal of our study was to report the incidence
of causative organism of osteomyelitis and determine such
risk factors as well as clinical features of gram negative
osteomyelitis in the Northeast region of Thailand.

Materials and Methods

Between January 1999 and December 2004, 135
patients were diagnosed with musculoskeletal infection at
Sakolnakorn Hospital, Sakolnakorn, Thailand. 62 patients
were diagnosed with osteomyelitis and included into our
study. 6 patients were excluded because of the incomplete
medical records. 56 patients with complete medical records
were reviewed in this study. Eight patients were excluded
from the study on the basis of a negative gram stain and
multiple cultures of all specimens, leaving forty-eight, who
made up the study population. All patients were analyses
for the clinical risk factors of gram-negative osteomyelitis.

ATUATUNTIIY 15 2548; 204) * Srinagarind Med J 2005; 20(4)
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The signs and symptoms leading to the diagnosis were
fever with bone pain and swelling. Positive laboratory
studies included the rising of white blood cell count, a
positive gram stain and culture of bone and/or blood.
Thirteen patients were diagnosed with gram-negative
osteomyelitis on the basis of gram stain or culture of bone
from OPD or IPD records. The same criteria were used for
gram-positive osteomyelitis. The signs and symptoms, the
bone that were involved, the patient occupation, the
duration of symptoms, and any concurrent disease were
recorded. All patients were treated with antibiotics and,
when necessary, with debridement and/or sequestrectomy.

To compare the group with gram-negative
osteomyelitis and that with gram-positive osteomyelitis, a
univariate analysis was performed with use of the
two-sample Student t test for categorical variables and the
Fisher exact test for categorical variables. Multiple logistic
regressions was used to identified independent clinical
predictors with the same group comparisons used in the
univariate analysis. Variables with a p value of <0.2 in the
univariate analysis were chosen as candidates for the
multivariate model, and significance was determined with
use of the likelihood ratio chi-square test. Statistical
analyses were carried out with SPSS software (version
11.0; SPSS, Chicago, lllinois).

Results

Seven men and nine women had gram-negative
osteomyelitis, and twenty-two men and ten women had
gram-positive osteomyelitis. The mean age (and standard
deviation) was 53.75+14.18 years in the group with
gram-negative osteomyelitis and 31.17+26.15 years in the
group with gram-positive osteomyelitis; the mean duration
of symptoms was 14.6+12.8 and 8.9+10.1 days,
respectively. Three (18%) of the patients with
gram-negative osteomyelitis and five (16%) of those with
gram-positive osteomyelitis had involvement of an upper
extremity. Eleven (69%) with gram-negative osteomyelitis
and 8 (25%) with gram-positive osteomyelitis had a
concurrent disease, so the odds ratio that gram-negative
osteomyelitis occur with concurrent disease was 6.6 (95%
confidence interval, 1.75 to 24.85; P=0.003)

The odds of a patients having gram-negative
osteomyelitis was 19.28 times greater when he or she had
concurrent diabetes mellitus than when he or she did not.
Six (37.5%) of the patients with gram-negative
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osteomyelitis and 3 (9%) of the patients with gram-positive
osteomyelitis had involved the bone of foot, so the odds
ratio that an infection in the bone of foot was caused by
gram-negative organism was 5.8 (95% confidence interval,
1.22 to 27.63; P=0.027). The other risk factors such as
multiple concurrent diseases, duration of symptoms,
address, leukocytosis, fever and x-ray finding were not
statistically significant (Table 1).

The most common gram-negative organism was
Pseudomonas auriginosa (5/16). The others were
Escherichia coli (4/16), Burkholderlia pseudomallei (4/16),
Klebsiella pneumoniae (2/16) and Salmonella (1/16). The
most common gram-positive organism was
Staphylococcus aureus (15/32). The others were g-
hemolytic streptococcus (9/32) and Staphylococcus
epidermidis (4/32).

Results of the multiple logistic regression analysis
confirmed only two independent variables as risk factors
for gram-negative osteomyelitis: diabetes mellitus and
involvement of the bone of foot. In this analysis, the true
odds of a patient having gram-negative osteomyelitis were
6.9 times greater, with 95% confidence interval of 1.33 to
85.54, if the patient had diabetes mellitus than he or she
did not. The bones of foot were 5.3 times more likely to be
infected with gram-negative organism than were the other
bones, with 95% confidence interval of 1.54 to 35.73

(Table 2).

Discussion

Aims of our study were to identify the clinical features
and risk factors of gram-negative osteomyelitis. This
information should be useful to the physicians for choosing
the empirical antibiotics in case of the definite diagnosis
can not be made or waiting for the cultures. The risk factors
for gram-negative osteomyelitis in our study are the
osteomyelitis occurs in the bone of the foot and diabetes
mellitus, with an odds ratio 5.3 and 6.9, respectively.

The bones in the foot were commonly affected by
gram-negative organism in our study. This finding has been
mentioned for some organisms. First, diabetic foot ulcer
and osteomyelitis usually caused by mixed organism* &,
Second, osteomyelitis of the calcaneus, commonly caused
by Pseudomonas auriginosa, can follow apparently
innocent puncture wound?®. In our area, the organism exits
in the soil and water of Southeast Asia, Burkholderlia
pseudomallei, can be the causative organism of
osteomyelitis at the bone of foot in the same mechanism.
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Table 1 Relationship between clinical and laboratory variables and gram-negative osteomyelitis. Univariate analysis.

Variable Diagnosis P-value Odds ratio 95% CI
G-negative  G-positive

Age 0.01**

Sex 0.095* 0.354 0.10-1.22
Male 7 22
Female 9 10

Concurrent disease 0.003** 6.60 1.75-24.85
With 11 8
Without 5 24

Multiple concurrent disease 0.302
No 5 24
One 6 8
Multiple 5 0

Diabetes mellitus 0.001** 19.28 3.38-109.7
With 9 2
Without 7 30

History of fracture 0.56 2.07 0.12-35.35
With 1 1
Without 15 31

Address 0.44 1.44 0.34-6.09
In-town 4 6
Out-town 12 26

Location of osteomyelitis 0.75
Upper extremity 3 5
Lower extremity 13 26
Spine 0 1

Location of osteomyelitis 0.56 1.2 0.25-5.82
Upper extremity 3 5
Lower extremity 13 26

Foot involvement 0.027%,* 5.80 1.22-27.63
With 6 3
Without 10 29

Leukocytosis 1.0 1.0 0.29-3.45
With 10 20
Without 6 12

Fever 0.66 1.32 0.37-4.65
With 6 10
Without 10 22

Duration of symptoms 0.07*
Acute 10 10
Subacute 3 15
Chronic 2 7

X-ray finding 0.6
Abnormal 12 20
Normal 4 11
Miss 0 1

* = statistically significant, * = Included for multivariate analysis
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Table 2 Multivariate model of the patient with gram-negative osteomyelitis

Variable Odd ratio of patients with 95% CI P-value
gram-negative osteomyelitis
Sex 0.10 0.78-6.23 0.75
Age 1.65 0.73-3.91 0.19
Concurrent disease 0.25 0.02-10.10 0.61
Diabetes mellitus 6.90 1.33-85.54 0.01
Foot involvement 5.26 1.54-35.73 0.02
In our study, most patients with gram-negative References

osteomyelitis had had a longer duration of symptoms than
those with gram-positive osteomyelitis and the same with
the duration in the hospital care. The reasons may be the
long incubation period of some gram negative organism,
Burkholderlia pseudomallei, or the underlying host status’.
The mean age of the gram-negative osteomyelitis patients
was higher than gram-positive osteomyelitis with
statistically significant in univariate analysis but not in
multivariate analysis.

In conclusion, we have shown that diabetes mellitus
and involvement of bone of foot were the risk factors of
gram-negative osteomyelitis. The physician should select
the empirical antibiotic that covered gram-negative
organism in this group of patients and pay attention in the
patients who were old age with concurrent disease.

ASUATUNTIIY 13 2548; 20(4) * Srinagarind Med J 2005; 20(4)

John GT, Ron L, Sue K, Michael JC. Microbiological tolerance
in orthopedic infection: Delayed response of septic arthritis
and osteomyelitis of the hip due to infection with tolerance
staphylococcus aureus. J Pediatr Orthop 1996;6:518-21.
Simmon RM, Deakin M, Lathan JM. Chronic osteomyelitis,
The effect of the extent of surgical resection on infection-
free survival. J Bone Joint Surg 2001;83B:403-7.

Danial PL, Francis AW. Osteomyelitis. Lancet 2004;364:
369-79.

William CW. Osteomyelitis. In: Terry C, editor. Campbelli
Operative Orthopedics. 9" ed. St Louis:Mosby-year book,
1992;578-600.

Luca L, Jon TM, Jason HC. Osteomyelitis in long bone. J
Bone Joint Surg 2004;86A:2305-18.

David PG, Susan S. Community-acquired methicillin resistant
staphylococcus aureus: a cause of musculoskeletal sepsis
in children. J Pediatr Orthop 1999;19:413-6.

Weerachai K, Twatchai T, Winai S, Polasak J. Melioidotic
septic arthritis and its risk factors. J Bone Joint Surg
2003;85A:1058-61.

Christiansen P, Frederiksen B, Glazowski J. Scavenius M,
Knudsen FU. Epidermiologic, bacteriologic, and long-term
follow-up data of children with acute hematogenous
osteomyelitis and septic arthritis: a ten-year review. J Pediatr
Orthop 1999;8:302-5. @

233



